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This study uses option-implicit information in explaining following aggregate equity
returns. On average the equity index option implied volatilities exceed the corresponding
realized volatilities, and this difference uncovers the volatility risk premium. The
exposure to volatile assets and, on the other hand, rarely materializing risks are
consistently priced in forward-looking equity index options. Similarly, investors’ risk
aversion causes option-implied risk-neutral skewness to exhibit systematic deviation
from the realized densities, unveiling the skew risk premium. Volatility- and skew risk
premiums seem to be directly linked with the equity risk premium, and this motivates to
study whether these moment risk premia have explanatory power over the subsequent
equity index returns.

The evidence of the priced volatility risk premium and their forecasting power over the
subsequent equity index returns is examined from the understudied European markets.
The sample period spans from January 2007 to October 2017. Euro Stoxx 50, DAX,
FTSE 100, SMI, and STOXX Europe 600 indexes are used as proxies for the European
equity markets. The corresponding model-free implied volatility indexes are used to
capture the index-specific option information and the volatility risk premium. Globally
priced risks and the skew risk premium are analyzed based on the information embedded
in S&P 500 index options through model-free implied volatility and implied skewness
indexes.

The results based on several linear regression models show that volatility risk premiums
can explain a non-trivial fraction of the equity index return in Europe, and in addition
that volatility risk is systematically priced into European equity index returns locally and
globally. On average, one percentage point increase in the ex post observable measure
of local volatility risk premium increases one-month logarithmic European equity index
excess returns by 1.28%. Local ex ante volatility risk premiums are found to provide
prediction power over subsequent returns, even though this forecasting power is subject
to a slight deterioration in the robustness checks where traditional explanatory variables
are included in the model. On average, one percentage point increase in ex post S&P 500
volatility risk premium leads to a 1.31% increase in following one-month logarithmic
European equity index excess returns. The impact of the global skew risk premium on
European equity index returns is also systematic and opposite to the volatility risk
premium, but its return impacts are significantly smaller than volatility risk premium’s,
and in addition not robust in the ex post examinations. The findings of this study show
the consistent existence of volatility risk premium in the European equity index markets
and prove the positive relation between volatility risk premium and equity risk premium.
The global evidence supports the hypothesis that the experienced volatility risks exhibit
a sign of cross-market appearance and pricing.




THVISTELMA

Tekija: Antti lhalainen

Otsikko: Option-Implied Risk Premiums and European Equity Index
Returns

Tiedekunta: School of Business and Management

Maisteriohjelma: Strategic Finance and Business Analytics

\uosi: 2018

Pro Gradu tutkielma: Lappeenrannan Teknillinen Yliopisto

Ohjaaja: Professori Eero Patari

Tarkastajat: Professori Eero Patari, Tutkijaopettaja Sheraz Ahmed

Avainsanat: Volatility, implied volatility, returns, equity returns, index
returns, options, skewness, volatility risk premium, skew
risk premium

Tama tutkielma kayttdd optio-implisiittistd tietoa hyvakseen selittdessaan ja
ennustaessaan osakeindeksituottoja. Osakeindeksioptioiden implisiittiset volatiliteetit
ylittavat keskimadrin vastaavan ajanjakson realisoituvat volatiliteetit ja naiden erotus
paljastaa volatiliteettiriskipreemion. Informaatiosisalléltdan eteenpdin katsovien
optioiden hintatiedot kertovat sijoittajien hinnoittelevan naihin volatiliteettiriskin seké
joitakin harvoin realisoituvia riskeja. Vastaavasti sijoittajien riskinkarttaminen aiheuttaa
myaos sen, ettd optioiden implisiittisten tuottojakaumien vinous poikkeaa systemaattisesti
vastaavista  realisoituneiden  tuottojakaumien  vinoudesta.  Volatiliteetti- ja
vinousriskipreemioiden todistettu yhteys osakeriskipreemioon motivoi tutkimaan,
pystytddnkd momenttiriskipreemioilla selittdméén seuraavia osakeindeksituottoja.

Empiirisid todisteita volatiliteettiriskipreemion vaikutuksista osakeindeksituottoihin
etsitddn aiemmassa tutkimuksessa aliedustetuilta eurooppalaisilta osakemarkkinoilta.
Tutkimus kattaa ajanjakson tammikuulta 2007 lokakuulle 2017, ja siin eurooppalaisia
osakemarkkinoita edustavat Euro Stoxx 50-, DAX-, FTSE 100-, SMI- sekd STOXX
Europe 600-indeksit. Mallivapaita implisiittisen volatiliteetin indekseja kaytetdan tassa
tutkimuksessa identifioimaan volatiliteettiriskipreemiot, joilla pyritddn selittdméaan
osakeindeksituottoja. Globaalisti hinnoiteltuja riskeja, vinousriskipreemiota sek& naiden
tuottovaikutuksia eurooppalaisiin osakeindekseihin arvioidaan kayttaméalla S&P 500 -
indeksioptioiden implisiittista informaatiota hyddyntden vastaavasti mallivapaita
volatiliteetti- ja vinousindekseja.

Lineaarisiin regressiomalleihin perustuvat tutkimustulokset osoittavat
volatiliteettiriskipreemioiden  selittdvan  merkittdvan  osan  eurooppalaisista
osakeindeksituotoista, ja volatiliteettiriski onkin hinnoiteltu osakeindeksituottoihin niin
lokaalisti kuin globaalistikin. Yhden prosenttiyksikon kasvu jalkeenpdin havaittavassa
lokaalissa volatiliteettiriskipreemiossa johtaa keskimaarin 1,28 %:n kuukausittaisten
logaritmisten ylituottojen kasvuun tutkituille eurooppalaisille osakeindekseille. Myds
lokaalin volatiliteettiriskipremion ennustusvoimasta saadaan markkinanlaajuisia
todisteita, vaikkakin tdma lokaali eteenpéinkatsova volatiliteettiriskipreemio
menettadékin osan tuottovaikutuksestaan jalkitesteissd. Yhden prosenttiyksikon nousu
jalkeenpdin  havaittavassa S&P 500 -volatiliteettiriskipreemiossa kasvattaa
kuukausittaisia eurooppalaisia logaritmisia osakeindeksiylituottoja keskimaarin 1,31 %.
Myos globaalin vinousriskipreemion vaikutus eurooppalaisiin osakeindeksituottoihin on
systemaattista,  vaikkakin  volatiliteettiriskipreemiolle  vastakkaista, = mutta
volatiliteettiriskipreemion  tuottovaikutukset ovat selvasti  vinousriskipreemion
vaikutuksia suurempia sek& pidempikestoisia.  Tutkimustulokset osoittavat
volatiliteettiriskipreemion systemaattisen olemassaolon eurooppalaisilla
osakeindeksimarkkinoilla, positiivisen  yhteyden volatiliteettiriskipreemion ja
osakeriskipreemion valilla sekd markkinoidenvaélisen volatiliteettiriskin hinnoittelun.
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1. Introduction

Investing in a security represents at least two types of risks for investors: uncertainty of the
future price level or the variance of the returns, and the uncertainty of the variance itself.

Being exposed to a certain risk is associated with adequate compensation for being exposed.

Equity risk premium is the compensation that investors require for taking the risk of
investing in equities instead of risk-free assets and carrying the risk of price variation and
uncertainty of future returns. According to Carr and Wu (2008), it is essential to understand
how investors deal with the uncertainty and variance of returns not only in their risk
management, asset allocation, and pricing purposes, but also in attempts to understand the
behavior of financial assets in general. This study aims to explain what the components
driving the equity risk premium and the expected equity index returns are, and what kinds

of risks are ultimately being compensated for investors.

Explaining expected returns for equities has traditionally relied on the Capital Asset Pricing
Model (CAPM)?!, and in this context, the equity risk is purely based on return covariance
with the market return. This kind of risk measure does not incorporate the possibility for
large and sudden movements in prices, and therefore, the CAPM beta is insufficient in
giving an exhaustive picture of the priced risks in events of jumps and tail risks in asset
prices. As such, a description of a world with a single risk factor (asset level of sensitivity
to market movements) in this mean-variance framework is evidently not a representative
description of the real world. Ilmanen (2011, 88) writes that “The CAPM was a beautifully
simple theory but it became clear over time that it could not explain the observed behavior

of asset markets™.

Jackwerth and Rubinstein (1996) underline the importance of the rare, large loss events?.
They state that the typical distributions of stock market returns have been estimated from
historical time series, which may and most likely will not capture the probability of extreme
events. This inevitably leads to underestimation of rarely materializing, large-loss events. If

return-maximizing and risk-averse investors dislike these risks in their portfolio, the

1 CAPM was introduced independently by Sharpe (1964), Lintner (1965), and Mossin (1966), and it created
the basis and widely used framework for asset pricing.

2 Jackwerth and Rubinstein (1996): “Merely because such events (large losses) are rare is not sufficient to
ignore them, since on the few occasions when they do occur, significant amounts of money can change
hands, potentially wiping out profits accumulated over long prior periods.”



undesirable variance in returns, uncertainty of variance, or both must be compensated. Even
in the case of a non-occurring extreme event, the possibility of its occurrence is expected to

be balanced with equivalent return.

The evidence of a relationship between volatility and expected stock returns is scattered.
Positive, negative, and non-existent connections between market volatility and stock returns
have been presented (see, for example, Barberis et al. (2001), Ang et al. (2006), and Bali
and Cakici (2008)). Despite extensive research, Bollerslev, Tauchen, and Zhou (2009) note
that the existence of a time-static tradeoff relationship between volatility and equity index
returns has proven to be elusive. Rather than using static historical data, options and the
forward-looking information embedded in option prices have faced a lot of interest in an
attempt to capture the market’s anticipations of future states. Option prices are expected to
incorporate all the market participants’ views of future outcomes of the underlying asset
price and, therefore, are to hold unique information about underlying behavior.
Interestingly, the equity index option-implicit volatility seems to systematically exceed the

corresponding realized volatility.

While studying this phenomenon, Carr and Wu (2008) used the concept of a variance swap.
Its payoff is defined as the difference between realized variance and variance swap rate,
which represents the market’s risk-neutral expected value of the realized variance. They
also documented significantly negative variance risk premium. Writing variance swaps, i.e.
receiving fixed (variance swap rate) and paying the floating leg (realized rate), is, on
average, profitable. Their findings have proved the existence of a common and stochastic
risk factor that demands a highly negative risk premium. Their results show explicitly an
intuitive, yet an important notion: investors fear increases in market volatility as harmful

shocks to investment opportunity.

Bollerslev, Tauchen, and Zhou (2009) present the ability of the variance risk premium to
capture the theoretical connections between aggregate stock market volatility and expected
returns. They define variance risk premium as the difference between model-free implied
and realized variance and use the Chicago Board Options Exchange Volatility Index (VIX)
as a proxy for model-free implied volatility (MFIV). The difference between risk-neutral
and realized variance translates into a premium that explains a significant fraction of equity
index returns — high values of the variance risk premium associated with following high

returns and vice versa.



In addition to variance, cross-sections of stock returns have documented to have substantial
exposure to higher moments too. These moments are observable through risk-neutral
probability distribution (RNPD) and define its shape. The associated RNPDs are attainable
through forward-looking information in option prices, which have proven to be superior to
historical measures in explaining the future states. Nonparametric derivation of RNPDs in
particular allows to capture the possibly complex logic of market participants’ expectations
and their pricing and reveals unique information about the market’s pricing tendencies (see
Jackwerth and Rubinstein, 1987).

This paper aims to capture the predictive power of risk-neutral densities’ second and third
moments over expected short-term stock returns. While the study relates to the existing
literature on the predictive role of option implied information, it extends the basis of the
features explaining the equity index returns, and widens the geographical outlook of the
moment risk premiums. In contrast to the majority of existing literature focusing on the U.S.
stock market returns, this study focuses purely on European stock markets and the
explanatory power of risk premiums embedded in option prices. The studied equity indexes
are Euro Stoxx 50 (European-wide), DAX index (Germany), FTSE 100 index (United
Kingdom), SMI index (Switzerland), and STOXX Europe 600 (European-wide). Model-
free volatility indexes, as well as the model-free volatility skewness index, are used to
capture information in option prices. Option-implicit information is then used to explain the

subsequent returns of these stock indexes.

This research paper proceeds as follows. First, the motivations, contributions, and
limitations of this study are discussed in section 2. Preceding literature is provided to
supplement the choice of topic and to support the forming of the research questions. The
research questions are formed, and hypotheses are drawn in section 3. An extensive
literature review is presented in section 4. The theoretical framework of this paper is built
on this basis. Section 5 introduces the data and the methodologies used in this study to obtain
the risk premiums and to study their pricing impacts. Section 6 presents the results and an
analysis of the key findings. Results regarding volatility and skew premiums, as well as a
robustness check, are discussed in their own subsections. Lastly, conclusions are drawn in

section 7.
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2. Research Motivations, Contributions and Limitations

This section presents the motivations for conducting this study. The need for this paper is
specified, and its contributions to the existent literature are defined. Limitations of the paper

are brought up, and the possible impacts of these restrictions are discussed.

2.1 Motivations and Contributions

This paper focuses on volatility risk premium and skew risk premium, also known as
moment risk premia, as predictive variables of expected returns in European equity indexes.
The moment risk premia and equity index returns have received a lot of academic interest,
but the focus has mainly been towards variance (or volatility) risk premium and the U.S.
stock markets; yet both volatility (second moment of the RNPD) and skewness (third
moment of the RNPD) seem to have a significant impact on expected returns. The limited
results outside of the U.S. suggests that volatility and skew risks are priced factors in

European markets as well.

There is broad evidence of volatility risk premium and its significant explanatory power
over expected stock returns in the U.S. markets. Bakshi and Kapadia (2003) examined
volatility risk premium by using statistical properties of delta hedged option portfolios
constructed from S&P 500 index options. Their evidence is supportive with negative
volatility risk premium, and they suggest that negative volatility risk premium and mean
delta-hedged gains share the same sign. Similar results are introduced by Carr and Wu
(2008), who present the existence of a systematic variance risk factor in the U.S. stock
markets asking for highly negative risk premium. Bollerslev et al. (2009) found similar
results by using model-free implied variances derived from the squared VIX index and
realized variance measures calculated using intraday data. They provide empirical evidence
that stock market returns are predictable by the difference between model-free implied
variance and realized variance. They conclude that a strong positive relationship exists

between the variance risk premium and following equity index returns in the U.S.

Chang, Christoffersen, and Jacobs (2013) studied moments estimated from the S&P 500

index option data and found highly negative and economically significant market skewness
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risk premium related to the cross-section of stock returns. This premium is not explained by
other common risk factors like market excess return, book-to-market, momentum, or market
volatility. Focusing on the higher moments of the probability distribution, Kozhan,
Neuberger, and Schneider (2013) introduced a concept of a synthetically built skew swap.
Their idea was that similar to the variance swap, skew swap can be used to explore the
relationship between the skew in option implied volatility and realized skew. Average
realized skew is significantly smaller than the average implied skew, and this finding reveals
a premium. This skew risk premium can explain almost half of the implied skew in index
option prices. Kozhan et al. (2013) findings show that common risk factors drive both
variance and the skew risk premium. They concluded that skew and variance premia are

ultimately manifestations of the same underlying risk factor.

Empirical evidence of the predictive power of the second (variance) and third (skewness)
moments on equity returns is evident. However, the existence of the fourth moment’s,
kurtosis, explanatory power over expected equity returns lacks comprehensive evidence.
Published academic research is very limited, with few studies dealing with the role of
kurtosis in asset pricing. Chang, Christoffersen, and Jacobs (2013) found weak evidence of
positive kurtosis risk premium. On average, the stocks with high sensitivities to innovations
in market kurtosis exhibit high returns. Conrad, Dittmar, and Ghysels (2013) found a
positive relationship between implied kurtosis and subsequent returns in the cross-section
of stocks. In contrast, Elyasiani et al. (2016) found that kurtosis was not a priced risk in their
dataset that consisted of a cross-section of Euro Stoxx 50 index stocks. As the majority of
preceding studies find role of kurtosis weak or non-existent in explaining aggregate market

returns, this study focuses purely on volatility and skew premiums.

Motivated by the relatively recent evidence of the impact of volatility and skew premiums
on equity premiums, this study incorporates option-implicit information in explaining
following aggregate equity returns. Special interest lies on ex ante moment premiums and
the explanatory power of these predicative variables. The distinction between ex ante
premiums (forward-looking measure) and ex post premiums (historical measure) is of great
importance regarding the studied topic. Forward-looking measures are observable in the
context in which investment decisions are being made. Studying both ex ante and ex post

measures addresses academic and practical interest in the studied topic.
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As the preceding related literature is greatly focused on the U.S. stock markets, evidence
from the European stock markets is provided. Moreover, the predictive power of skew risk
premium is studied as the existing literature is almost purely focused on variance risk
premium and its impacts on subsequent returns. The contribution of this study is to provide
new empirical results of the predictive power of option-implied information over
subsequent aggregate equity returns. While relating to the preceding literature, the aim is to
provide new evidence from understudied European stock markets and gain a better

understanding of the priced risks and expected stock returns.

Comprehensive study of variance and skewness risk premiums in the European stock market
has not been implemented at broad aggregate level. Quite recent, but not yet exhaustive
research of moment premiums was provided by Elyasiani et al. (2016), who studied moment
risk premia in Europe. They used portfolio sorting techniques to obtain volatility risk from
Euro Stoxx 50 index options and reflect it to a cross-section of STOXX Europe 600 index
constituent returns. Evidence of negative variance risk premium and positive skewness
premium was found amongst the observed individual companies. Their findings were robust

to inclusion of other risk factors such as size, book-to-market, and momentum.

Even though Elyasiani et al. (2016) provide valuable information from European markets,
there is still room for more evidence regarding aggregate market returns. A comprehensive
study of a broad set of European indexes is needed to distinguish whether investors are
requiring compensation for the volatility and skew risks, whether these premiums show
predictive power over expected returns, and in addition whether the experienced risks
exhibit a sign of a global appearance. The equity indexes used to answer the mentioned
question in this paper are Euro Stoxx 50 index, DAX index, FTSE 100 index, SMI index,
and STOXX Europe 600 index. These examined equity indexes represent European equity
markets on a wide scale and this contributes to the objective to find extensive proof of a
market-wide phenomenon. On the other hand, all the used indexes have well-established
option markets, and all of them (except for STOXX Europe 600) have dedicated implied
volatility indexes, which in turn makes the pricing information easily accessible. The
studied period spans from the beginning of 2007 until the end of October 2017, including

regimes of high and low stock market returns and volatility.
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An extensive set of option information over the equity indexes is used in analyzing the
explanatory power of moment premia over aggregate market returns. This option-implicit
information is attained by using the corresponding model-free implied volatility indexes. In
this study, Euro Stoxx 50 Volatility index (VSTOXX), DAX volatility index (V1X-NEW),
FTSE 100 Implied Volatility Index (VFTSE), and SMI Volatility index (VSMI) are used to
capture index-specific information. Potential existence of priced global risks is examined
by using the information in Chicago Board Options Exchange’s implied volatility index
VIX and implied volatility skew index SKEW. All the implied volatility indexes being
examined are calculated in a similar model-free manner and they utilize a broad set of out-
of-the-money (OTM) call and put options expiring in 30 days, providing risk-neutral and
model-free expectations of second and third moments of RNPDs. Further details and

specifications of these indexes are presented in sub-section 4.3.2.

This study aims to capture the part of equity risk premia that the classic risk factors are
unable to explain. The objective of this thesis is to find out whether innovations in risk-
neutral volatility can explain a non-trivial fraction of equity index returns in Europe.
Volatility risk premium information is accompanied by information in the U.S.-based
volatility and skew indexes to test whether the moment risks show a sign of a global
existence as formerly proposed by Bollerslev et al. (2014). Furthermore, it is tested whether
the results of the possible explanatory power of moment risk premiums are robust to

inclusion of more traditional predictive variables.

The contribution of this study is thereby two-fold: Firstly, explaining aggregate expected
equity index returns in Europe by using the information implicit in option prices is the
essence of this paper. The approach is motivated by the findings of Bollerslev, Tauchen,
and Zhou (2009), who provided empirical evidence that stock market returns are predictable
by the difference between model-free implied variance and realized variance. The
methodology of this study follows the approach of Bollerslev, Tauchen, and Zhou (2009)
and does not deliver new approaches in the interpretation of option implied information nor
its extraction from option prices. The aim is rather to provide valuable information about
the priced risks in the European stock markets. Secondly, it is tested whether the
experienced risks have global explanatory power. Bollerslev et al. (2014) showed that the
predictive relationship between current globally weighted variance risk premium and future

returns hold for seven countries. Global VRP included a relatively larger amount of equity

14



index uncertainty than the local VRP for smaller countries. The U.S.-based VRP was the
only local variable that provided a better estimate than the global VRP when measuring
local aggregate market returns, indicating that the S&P 500 index option information
content is superior compared to the rest of the option markets. This motivates to test whether
both U.S. volatility and skew risk premiums have global forecasting power over European
equity indexes and whether S&P 500 index options could incorporate valuable information

over European stock market returns.

2.2 Limitations

Model-free volatility indexes, mainly VIX, have received a lot of interest amongst
academics since their introduction, but some disapproval has been addressed about the
calculation methodology of the VIX. Jiang and Tian (2005) claim that CBOE’s procedure
to derive the VIX may cause approximation errors. Truncation errors cause downward-
biased estimates of market volatility, since the extreme tails of the volatility smile are
ignored. Discretization errors are argued to cause overestimation due to the integration
scheme used. On average, truncation errors dominate the discretization errors causing the
procedure to underestimate the model-free volatility. These errors also seem to exhibit
predictable patterns with respect to volatility levels. Jiang and Tian (2007) propose an
interpolation-extrapolation scheme as a smoothing method for the extraction of model-free
implied volatility from option prices.

Using model-free volatility indexes as a proxy for stock return variability in the presence of
jumps in stock prices has also faced criticism. This is discussed, for example, by Du and
Kapadia (2012), who comment about the VIX how ... [it] is biased in the presence of
discontinuities, making it difficult to distinguish between volatility and tail risk.” As the
model-free volatility indexes used in this study are designed to measure jump-free price
processes, these indexes might provide a biased measure of the variance in cases of large
price movements. Building on the findings of (insignificantly) biased volatility estimates of
the VIX by Carr and Wu (2008), Du and Kapadia (2012) show that the bias is proportional
to the intensity of the jump. They separate the effects by comparing VIX variance and

Bakshi, Kapadia, and Madan’s (2003) return variance and denoting the difference as a tail
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or a jump index. The formed tail index measures the time variation in jump intensity process,

and their documentation shows that this tail risk is driven mainly by downside jump fears.

This sort of separation is not conducted in this study, as the proxies for market volatility
expectations hold information regarding both jump and volatility risk. Negative skewness
is closely related to the tail risk, as the probability of market crashes skews the RNPD. Since
the model-free volatility risk premiums and the model-free skew risk premium both possess
expectations of tail risk occurrence, the sole use of model-free volatility indexes and absence
of pure tail risk measure can be justified in this study. The question that is not answered in
this paper is which part of the observed volatility risk premium is due to the fears of jumps

in asset prices and which part of it is due to the stochastic volatility expectations.

Bollerslev et al. (2009) use the VIX to quantify implied volatility and to calculate the
volatility risk premium. They note that despite the VIX always being prone to
approximation error, the CBOE procedure has emerged as the industry standard for model-
free volatility calculation, and using it facilitates the replication and comparison with earlier
literature. Bollerslev et al. (2014) continue about the attractiveness of the VIX-type of
volatility indexes in measuring of the volatility risk premium, arguing that in addition to
being completely model-free as a directly observable proxy, VIX has the apparent benefit

of being simple to implement.

Even though the use of model-free volatility indexes does not fully enable to separate for
the sources of volatility risk, it provides a pragmatic and efficient way to capture the time-
varying volatility risk premium over multiple years and indexes. Seizing this phenomenon
is at the core of this paper. While there is no direct relation to the branches of literature that
try to explain the ultimate sources of volatility risk and the composition of volatility risk
premium, the chosen methodology provides the needed tools for answering the research

questions raised.
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3. Research Questions

The literature on variance or volatility risk premiums suggests that a positive relationship
between the volatility premium and equity returns exists. Since the information in option
prices seems to be superior to the historical measures, especially for short-term horizons,
this study focuses on one-month (21 business days) and three-month (63 business days)
equity index excess returns. Based on the findings of prior studies, the main research
problem takes the following question form:

Question 1: Is the volatility risk premium able to explain subsequent equity index returns

in Europe over short periods?

The hypothesis is that volatility risk premiums have explanatory power over subsequent
expected returns in the short term. This assumption is supported by previous findings of
Bakshi and Kapadia (2003), Bollerslev et al. (2009), and Carr and Wu (2008). The existing
literature suggests that there exists a volatility-related risk that is compensated for investors
in the form of equity risk premium. The volatility risk premium is tightly related to the
equity risk premium and, therefore, provides explanatory power of the following aggregate
market returns. Since the information implicit in volatility indexes used in this study is
specific to a one-month period, no longer than one-month and three-month periods are used
to avoid the false assumptions about volatility levels and its mean-reversion processes. In
the short end of the maturities, volatilities can reasonably be expected to be derivable from
one-month to three-month maturity without biased estimates.

Secondly, whether S&P 500 index option information content provides forecasting power
over European stock indexes is also under investigation. Empirical tests by Bollerslev et al.
(2014) showed that the global variance risk premium exhibits significant predictive power
over foreign equity indexes — even more so than the domestic measures. Since the volatility
and skew risk premium have been argued to be manifestations of the same underlying risk
factor (Kozhan, Neuberger, and Schneider, 2013), both moments should have an impact on
returns on an aggregate level, and the impact should only differ in sign. The second research

question is motivated by the findings of priced global risks and variance risk premiums:
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Question 2: Do the volatility risk premium and skew risk premium have global explanatory

power over subsequent equity index returns over the short term?

The hypothesis is that volatility and skew risk premiums embedded in S&P 500 index option
prices have a significant impact on the European indexes in this study. Volatility and skew
risk premiums should differ in sign, meaning that their impact on the following returns
should be opposite. It remains, however, to be discovered whether the impact is of the same
magnitude and whether the skew risk premium holds similar predictive power over

subsequent equity index returns than the volatility risk premium.

Finally, to check the robustness of the gained results, the explanatory power of volatility
and skew risk premia are set to test against a traditional set of predictive variables. These
variables are chosen following Bollerslev et al. (2009), adding implied volatility and implied
skewness variables to the regressions. In addition to these, price-to-earnings ratio, dividend
yield, term spread, and default spread are included in the multivariate regressions as control
variables to check whether the earlier results remain the same.

Question 3: Are the findings of the predictive power of the volatility risk premiums robust

to the inclusion of traditional explanatory variables?

Previous empirical results, namely Bollerslev et al. (2009), suggest that the volatility
premiums’ impacts hold after the inclusion of the traditional return predictors. It remains to
be seen if the predictive power of volatility risk premiums holds when included in the same
model with market valuation-based, dividend-based, and interest rate-based control
variables. Hypothesis is that the positive connection between volatility risk premium and
equity risk premium, and on the other hand the negative connection between skew risk
premium and equity risk premium, prove to be robust in the joint examinations and that the
created volatility-based premiums show superior return explanatory power over the

traditional variables on short-term horizons.
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4. Literature Review

The literature that this study uses as its foundation and to which it relates is relatively broad.
This section introduces the main concepts and studies associated with equity premiums,
option implied information, risk-neutral probability distributions, and moment risk
premiums. The literature covered is used to understand what risks are compensated in the
stock market returns and why option-implicit factors have a big role in explaining stock

market returns.

4.1 Equity Risk Premium

An investor holding equities is exposed to equity risk, the uncertainty of the future price
level of volatile assets. The equity risk premium (ERP) refers to the expected or realized
return of a broad equity index over some “risk-free” alternative. In the mean-variance
context, holding wealth in equities is expected to be compensated accordingly, since the
exposure to variance in equity returns is higher than it is in risk-free assets. Investors seem
to exhibit risk aversion, and large negative returns are seen more damaging than large
positive returns beneficial. The difference between the expected returns of risky and risk-
free investment alternatives is the compensation for the risk exposure and is interpreted as
an equity premium. The ERP is a key measure of aggregate risk-aversion in the equity

markets and a central determinant of corporations’ cost of capital.

Academics have long struggled to explain the magnitude of the very high historical equity
risk premium observed. Mehra and Prescott (1985) focused on the remarkably large spread
between expected stock and bond returns. This phenomenon is presented as an equity
premium puzzle; why are equity returns outperforming bond returns with such a high
margin? They showed that only models that do not rely on traditional aggregate supply-
demand equilibrium could explain this phenomenon. A great deal of academic studies has
tried to reconcile the puzzle, yet there is a lack of consensus about the ultimate reason
causing the equity premium to be so high. Rietz (1988) and Benartzi and Thaler (1995)
suggested a behavioral solution, presenting that investors are assumed to be loss averse,

meaning that they are noticeably more sensitive to losses than to gains. According to this
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insight, possible yet unlikely market crashes are causing investors to require compensation,
even when a crash does not occur — just in case it might happen. They suggested that
investors’ loss aversion explains the high equity risk premium with respect to low risk-free
returns, hence providing a solution to the equity premium puzzle. Risk-averse equity
investors require high returns to compensate the severe losses they may face in case of a
market crash and do this to such an extent that equity returns have been curiously high, even
with no crashes. It seems that equity holders have been compensated for the crashes that

have not occurred.

CAPM has been traditionally used to capture expected returns for stocks. As CAPM
provides cross-sectional relation by pointing that asset’s excess return is a product of its
market beta and the market risk premium, it does not specify how large the market risk
premium should be. CAPM being a static model, limanen (2011, 88-89) notes that a more
realistic approach would incorporate the notion that market risk aversion varies dynamically
with recent market moves, economic conditions and expectations, and that the amount of
risk in the market varies with volatility and assets’ correlations. The level of the market risk
premium should reflect the amount of risk but also the price of this risk. Therefore, the more
recent views on expected returns include views on multiple systematic factors, time-varying
risk premia, skewness and liquidity preferences, supply-demand factors, market frictions,

and behavioral irrationalities.

This study focuses on the impact of volatility on stock market pricing. Elaborating the
traditional way of capturing the risks embedded in the equity risk premium beyond the static
approaches creates the foundation for this study and the basis for the methods used. As stock
market volatility seems to be harmful to most investors, they demand compensation for it.

This should be directly reflected in the equity risk premium.

4.2 Volatility and Risk Aversion

The second moment of return distribution, variance, has received great interest amongst
academics and practitioners alike. Variance’s nonlinear monotone transformation —
volatility — is its more commonly used alternative in practice. VVolatility of the returns is one

of the most central concepts in finance, playing a key role in, for example, asset pricing and
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portfolio- and risk management. Volatility is often misleadingly considered synonymous
with risk. Risk is, again, typically associated with solely negative outcomes. Volatility is,
however, a measure of uncertainty rather than risk, since it refers to a spread of different

possible outcomes for the asset’s returns.

It is well-established that market volatility of equity returns varies over time. While time-
varying volatility changes the expectations of future returns or risk-return tradeoff, rational
investors whose utility increases as a function of wealth require compensation for being
exposed to the changes in market volatility. This uncertainty, the volatility of returns or
changes in the volatility itself, creates the volatility risk. Intuitively, this is a risk that
requires compensation in the form of expected returns. Yet the relationship between market

volatility and stock returns has proven to be ambiguous.

Ang et al. (2006) studied the pricing of aggregate volatility risk in the cross-section of equity
returns and found that stocks with high sensitivities to innovations in market volatility have
low average returns. They show that the price of volatility risk is approximately -1% and
are robust enough to control for factors like size, value, momentum, and liquidity. They
used changes in implied volatility index VIX as a proxy of changes in market volatility, and
made a reservation regarding the use of the VIX, noting that it incorporates both stochastic
volatility and the stochastic volatility risk premium. Hence only if the risk premium were
zero or constant would the movement in the VIX be a pure proxy for the innovation in
aggregate volatility. Even though various robustness checks were conducted, Ang et al.
(2006) could not fully exclude the possible Peso problem explanation (pricing impacts of
possible large jumps in asset prices). Stocks with high idiosyncratic volatility also showed
low returns, especially for the periods shorter than one month. Consistent with earlier
literature, stocks with high past exposure to innovations in market volatility earned low
average returns in the future. These findings show aggregate volatility to be a new cross-
sectional systematic risk factor. They remarked that their findings are in contrast to theories
that suggest that higher volatility stocks should earn high expected returns. According to
their research, aggregate volatility may be a priced factor, partly because assets with high

sensitivities to volatility risk hedge against the risk of substantial market declines.

Bali and Cakici (2008) studied further the cross-sectional relationship between idiosyncratic
volatility and expected stock returns and found no robust and significant relation. Despite

elusive evidence of idiosyncratic volatility risk and expected returns, their results specified
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several factors that have a significant impact on perceived results when considering this
connection. Data frequency used to estimate idiosyncratic volatility, weighting scheme used
to compute average returns, forming of quantile portfolios, as well as excluding smallest,
lowest priced, and least liquid stocks from the sample data all play a critical role in
determining the existence and significance of the relationship between idiosyncratic

volatility risk and the cross-section of stock returns.

Focusing on investor risk aversion, Bates (1991) noted that out-of-the-money options
became remarkably expensive during the year prior to the market crash of October 1987.
His interpretation was that conditional expectations in jumps in asset prices revealed
significant time variation. The term “volatility smile” is used to describe the shape of a
decreasing curve of option implied volatilities plotted across a range of corresponding
increasing option strike prices with the same maturity and underlying. A differing pattern
from lognormal distribution (referred to as a volatility smile, smirk, or skew) was observed
in various markets, particularly after the crash of 1987. This observation pointed distinctly
that many of the Black-Scholes assumptions (see Section 4.3 for detailed information about
the assumptions) were not in line with the observed features of market’s pricing. According
to the Black and Scholes’ (1973) assumptions, the volatility smile should be a flat line,
because only one volatility parameter rules the underlying stochastic process based on
which all options are priced. The price of the option underlying is assumed to follow
geometric Brownian motion, implying that skewness and jumps are irrelevant. This is in

contrast to what is clearly visible in the option prices and the derived implied volatilities.

Jackwerth (2004) showed that the observed RNPDs describing investor expectations for
equity indexes across the globe are mostly left-skewed and leptokurtic. This means that the
market’s expectations of aggregate equity returns have fatter left tails and are more peaked
than a normal distribution. The corresponding distributions of realized returns are somewhat
lognormally distributed, implying that investors are pricing some non-occurring risks in
asset prices. These downward sloping volatility smirks and negatively skewed risk-neutral
densities represent the same phenomenon, which is sometimes referred to as “crash-o-
phobia”. This arises from the fact that investors, who consider a market crash as a risk, buy
OTM put options to cover their positions and to put a floor on their maximum losses. As the
demand for OTM puts increases and demand for OTM calls does not, put options become
relatively more expensive. As there is a clear relationship between option prices and option
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implied volatility, increasing option prices cause the option implied volatilities to increase

as well.

Building on the notion of investor risk aversion and fears of a crash, Santa-Clara and Yan
(2010) studied the perceived ex ante risks by using S&P 500 index options. They made a
distinction between diffusion risk and jump risk, the former referring to the quadratic
variation of the realized price process, and the latter to the anticipated risk of large price
movements. Both components of volatility risk varied substantially over time and correlated
with each other. Their findings showed that the premium embedded in option prices is, on
average, 40% higher than the premium required to compensate for the realized stock returns.
Their findings support the risk aversion-explanation for the equity premium puzzle: the
puzzlingly high historically observed equity premium seems to have a direct link to
puzzlingly high risks embedded in option markets.

Making a similar separation in these sources of volatility risk, Cremers et al. (2015) studied
volatility and jump risk. Their result showed strong evidence of a priced jump risk, and
stocks with high sensitivities to jump and volatility risk had low expected returns. Two
standard deviation increase in jump factor sensitivities leads to 3.5% to 5.1% decrease in
expected annual returns. Similarly, bearing stock market volatility risk caused the expected
annual returns to decrease by 2.7% to 2.9%, when the volatility factor loading increased by
two standard deviations. Investors’ risk aversion was revealed through these jump and

volatility premiums.

Because the implied volatilities can be high for at least three reasons, high volatility
expectations, high risk aversion, or a combination of these, using the implied volatilities as
an indicator of general risk aversion is somewhat fallacious. Nevertheless, implied
volatilities provide a valuable tool for revealing the risk-neutral expectations of investors
when combined with corresponding realized volatility information. This idea leads us to the
use of the volatility risk premiums instead of pure volatility estimates in predicting expected

returns.
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4.3 Option Pricing and Risk-Neutral Valuation

This study relates to the literature that uses the information embedded in option prices and
option-implicit factors as predictive variables for future equity returns. The option-implicit
information is being used to explain the composition of equity risk premium and to consider

the riskiness of investments in general.

As forward-looking instruments, options have drawn a lot of interest amongst researchers
and practitioners. Future volatility of option’s underlying asset is quantified by means of
implied volatility, which is most commonly defined as the volatility of an underlying asset
that equates the (European) option market price to the equivalent Black and Scholes’ (1973)
price. According to Black and Scholes (1973), the European call option price is defined as

follows:

c=SN(d,) —Ke ""N(d,), (1)

In(So/K)+(r+02/2)T
oVT

distribution function, S is the spot price of the underlying asset, K is the strike price of the

where d; = and d, = d; — oVT. N(x) is the cumulative probability

option, r is the risk-free rate, o is the expected volatility of the underlying asset’s returns

from the observation time until the expiration, and T is the option’s time to maturity.

Option prices are expected to hold all the relevant information that market participants
possess on the underlying and are therefore commonly used to capture the potential future
outcomes of the underlying’s price. Black and Scholes’ (1973) pricing equation provides a
general equilibrium formulation of the option valuation dilemma, and it is an attractive
alternative in practice because of its easily-observable parameters. The implied volatility
parameter is obtained by working the Black-Scholes equation backwards, when all the other
parameters are observed from the markets. This is commonly interpreted to be the market’s

forecast of the underlying asset expected volatility over the life of the option.

In the Black-Scholes’ framework, option price has only one source of uncertainty, which is
the uncertainty of underlying’s price. The uncertainty is represented by volatility. As this

uncertainty can be effectively hedged away by constructing a delta-neutral portfolio, the
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riskless portfolio should earn a risk-free rate. This principle implies that if the options are
priced correctly in the markets, no arbitrage opportunities should exist. The model is of
course limited to a number of assumptions that are listed according to Black and Scholes
(1973) as follows:

e The short-term interest rate is known and constant over time.

e The underlying stock price follows the geometric Brownian motion, meaning that
the volatility of the underlying is assumed to be known and constant over time, and
the probability density for the asset is respectively lognormal.

e No dividends or other distributions are paid during the option’s lifetime, and the
option is European type (Merton’s (1973) modifications allowed for dividends).

e The market conditions are perfect; no transaction costs for the underlying stock or
the option, no restrictions in short-selling, and borrowing and lending is possible at

the risk-free rate.

These assumptions are obviously quite restrictive and do not correspond to the real-world
features of markets or asset prices. The suggested lognormal probability distribution of the
returns, implied by the geometric Brownian motion of the underlying’s price process, is
highly inconsistent with the empirical findings that suggest the typical return distribution to
be negatively skewed and leptokurtic (Jackwerth, 2004). Whereas the volatility parameter
is assumed to be constant in the Black-Scholes model, it is widely documented to be
stochastic in real life (see, for example, Carr and Wu, 2008). These findings made it clear
that many of the Black-Scholes assumptions were not in line with the features of actual
markets. Due to its restrictive features, the Black-Scholes model is a pragmatic model for
academics and practitioners, rather than an optimal representative of option markets or their

related price processes.

Despite its imperfections, the Black-Scholes model and its differential equation’s key
property distinctly illustrates the single most important tool for the derivative analysis: the
equation does not involve any variable that is affected by investor risk preferences. The
main difference between the Black-Scholes (1973) model and the previous option theories
is that in the Black-Scholes world, the option price is not dependent on the risk preferences
of investors, but rather just the observable market variables. Because the Black-Scholes
equation is independent of risk preferences, these cannot affect its solution. This insight

allows for the so-called risk-neutral valuation. The expected return of a hedged position,
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consisting of an option and corresponding hedge portfolio, must be equal to the risk-free
rate. This directly implies that assumptions about investor preferences are unnecessary,
since these are indirectly embedded in the price of the underlying stock. In a world where
all the investors are risk-neutral, the expected return for all the investment assets equals the
risk-free interest rate, and the present value of any cash flow can be assessed by discounting
its expected value using the risk-free rate. The insight of risk-neutrality simplifies the
analysis of derivatives considerably. (Hull, 2009. 321-338)

4.3.1 Model-Free Implied Volatility and Risk-Neutral Probability
Distributions

The superiority of option implied volatilities over the backward-looking historical time-
series measures is widely documented by, for example, Blair, Poon, and Taylor (2001), Day
and Lewis (1992), and Jiang and Tian (2005). Poon (2005, 115) writes that the empirical
evidence of option implied volatilities’ superiority over historical measures in volatility
forecasting is overwhelming, even though many model-based volatility forecasts require
numerous assumptions to hold for the option theory and to produce useful volatility
estimates. Traditionally, some specific option pricing models have been used to extract
option implied information from option prices. This sort of model-dependent approach is
naturally subject to some shortcomings. Probably the most vital limitation is that the
implementation of a certain model in implied volatility estimation purposes is a combined

test of the option-implicit information content and the option model itself.

Breeden and Litzenberger (1978) presented that with a continuous set of options with strikes
ranging from zero to infinity, it is possible to form the entire risk-neutral probability
distribution. Building on this Breeden-Litzenberger premise, Britten-Jones and Neuberger
(2000) showed a way to derive implied volatility from option prices without the use of any
specific option model. Their model-free approach only requires a set of current option prices
and does not assume a constant volatility or suffer from these inconsistencies of traditional
models. The risk-neutral model-free return variance from the current date to the options’

expiry date is specified by a complete set of option prices.

Jiang and Tian (2005) extended the model of Britten-Jones and Neuberger (2000) to
incorporate asset price processes with jumps, proving that the previously created model-free
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approach is robust to the inclusion jumps. They also propose an alternative way to derive
the model-free implied volatilities using a curve-fitting method and extrapolation at the ends
of a cross-section of implied volatilities. Jiang and Tian’s (2005) comparison between the
information content of Black-Scholes implied volatility and the MFIV shows that the MFIV
holds all the information that Black-Scholes implied and realized volatility possess
combined. Black-Scholes implied volatility holds more information than realized volatility,
but it has a relatively weak forecasting power over future realizing volatility. These findings
make the model-free approach superior to interpret implied volatilities for volatility

forecasting purposes and supports the use of MFIVIs in this study as well.

Option prices reflect the market’s common assessment of the probability distribution of the
underlying asset prices on the date of expiry, and this assessment is adjusted so that it holds
information of investors’ tolerance for bearing risk. As the option-implicit factors, i.e. the
expectations of the future level of underlying’s return volatility and skewness, provide the
market’s forward-looking risk-neutral® approximation of the realizing price levels, they
provide a risk-neutral probability distribution (RNPD) that is not available in historical
prices. The information content of the option implied moments should therefore match the

future realizations in equity index returns.

A nonparametric approach is preferred in revealing the risk-neutral densities to avoid
parametric limitations. This type of method allows gaining as much information from the
option prices as possible. Jackwerth and Rubinstein (1996) make a note of the superiority
of the nonparametric model: “By presupposing less [about the method used in recovering
risk-neutral probabilities], not only can the nonparametric method reflect the possibly
complex logic used by market participants to consider the significance of extreme events,
but it also brings a much larger set of information...to bear on the formulation of probability
distributions.” According to Jackwerth (2004)*, security prices can be thought as expected
value of future cash flows, and therefore, each price tells us a part of the probability
distribution from which the expectations are taken in the first place.

3 Assuming the world as risk-neutral, the fair price for a derivative is attained in all worlds, not just in risk-
neutral ones.

4 Jackwerth (2004): “Risk-neutral probabilities in conjunction with actual probabilities also tell us about
implied utility functions and thus about economywide preferences that investors exhibit. This information
provides a fascinating look at the economy.”
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The intuition behind the use of option implied information is relatively simple: a cross-
section of option prices (and implied volatilities) for the same underlying asset and the same
maturity reveals the RNPD, which then reveals an estimate of the future state and its pricing
at the maturity of the options’ cross-section. Assuming efficient markets and pricing, the
RNPDs hold all the relevant information about the expectations of future price levels. These
expectations include the risk aversion that investors are pricing in the options. Andersen and
Bondarenko (2007) comment thusly on the information content of model-free implied
volatility: “MFIV measure should be interpreted strictly for what it seeks to represent,
namely the market price of volatility exposure consistent with observed option prices.” It is
important to recognize that the risk-neutral model-free volatility holds information on both
volatility forecasts and pricing of the volatility risk. In the context of this study, this notion
about model-free implied volatilities’ information content creates the foundation for

capturing the volatility risk premium.

4.3.2 Model-Free Implied Volatility Indexes

Model-free implied volatility indexes (MFIVI) are in a key role in this study in unveiling
the volatility risk premium embedded in the market’s risk-neutral expectations. Presumably,
the most well-known MFIVI is the Chicago Board Options Exchange Volatility Index,
better known as the VIX index. The VIX represents a 30-day implied volatility of the S&P
500 index, and it has become the market standard for measuring implied volatility (see, for
example, Bollerslev et al. 2009). The VIX is now often referred to as the market’s “fear-
index”, because it is (loosely speaking) interpreted to reflect the market’s anticipations of
the general uncertainty in equity markets. As previously noted by Ang et al. (2006), the VIX
holds information on both the stochastic volatility expectations and the volatility risk
premium, so interpreting it as a general indicator of the market’s fear is misleading. Making
this assumption would require the volatility premium to be zero, and as later it is vividly

presented, it is rarely even close to it.

The VIX was first introduced in 1993 by CBOE, and at the time, it was designed to measure
the market’s expectations of volatility by using at-the-money (ATM) S&P 100 index
options. Calculation relied on the Black-Scholes model and its implied volatilities. Whaley
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(2009) points out two distinctive purposes that the VIX’s originating was fulfilling. Being
a benchmark for short-term market volatility facilitated the comparisons of the current
volatility levels with respect to historical ones. Secondly, the VIX provided an index that
could be used in volatility trading purposes, and later, tradable future (in 2004) and option
contracts (in 2006) upon VIX index were introduced at the CBOE Future Exchange. In
2003, CBOE collaborated with Goldman Sachs to reshape the VIX. They formed a new way
of measuring expected volatility by averaging the weighted prices of the S&P 500 index put
and call options over a wide range of OTM strike prices. The new procedure of calculating

the model-free implied volatility index has evolved as the market standard.

As the label “model-free” suggests, the VIX is now calculated without the use of any
specific option pricing model. The calculation method does not use the Black-Scholes
formula or any other corresponding variant. Jiang and Tian (2005) argue that the VIX
calculation methodology is essentially equivalent to the theoretical model of Britten-Jones
and Neuberger (2000). The calculation is conducted relying solely on observable market
variables. Following CBOE VIX White Paper (2017), the VIX calculation method is based
on “near”- and “next”-term put and call options with more than 23 days but less than 37
days to expiry. Once each week, the index options used to calculate the VIX are rolled to
new maturities, making the previously next-term options (more than 30 days until expiry)
now near-term options (30 or fewer days until expiry). Both standard 3™ Friday expiring
monthly options, as well as weekly options that expire every Friday, are used in the
calculations. In order to make the time-to-expiration-calculations more straightforward,
standard options are deemed to expire at the open of trading of the S&P 500 settlement day
(being the 3™ Friday of the month), and the weekly options are deemed to expire at the close

of trading.

The risk-free interest rates used in the calculations are bond yields of the U.S. T-bill
maturing closest to the corresponding S&P 500 index option, meaning that the used risk-
free rates may vary between near- and next-term options. The options that are chosen to
calculate the VIX are centered around ATM level but are OTM puts and calls. Only non-

zero bid prices are used in the calculation®. Finally, the put and call prices for the same strike

5 Once two put options with consecutive strike prices are found to have zero-hid prices, no puts (calls) with
lower (higher) strike prices are considered in the calculation.
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price are averaged to get a single price value. After the options that are included in the

calculation are known, the VIX formula is applied. This formula is presented in Equation 2:
2 « AK; 1[F1?
o? =;ZiK—iz€rTQ(Ki)_;[K—o] : (2)

where o = % T is time to expiration, K, is the first strike price below the forward index

level F, K; is the strike price of the i OTM option (call if K;>K,, put if K;<K,, and both if
K;=K,), r is the risk-free interest rate, and Q(K;) is the average of bid-ask spread for each
option with strike K;. AK is defined by halving the difference between the strikes on both
sides of K;:

Kiv1—-Ki—1

AKi = > . (3)

The VIX formula presented in Equation 2 is then applied for both near- and next-term
options by using time to expirations T; and T,, respectively. The attained o2 (for T, near-
term options) and o# (for T, next-term options) are then used to calculate the 30-day

weighted average and to obtain the VIX index level:
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Siriopolous and Fassas (2009) conducted a comprehensive review of all available implied
volatility indexes globally. They write that the European MFIVIs, namely VSTOXX, V1X-
NEW, VSMI, and VFTSE index calculation methodologies follow closely the one
introduced by CBOE VIX. The methodology for the calculation of the VIX’s European
equivalents involves a summation over a band of OTM-option prices. Specific to Eurex-
based indexes VSTOXX, V1X-NEW, and VSMI is that they are calculated based on eight
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expiry months and a sub-index is calculated for each option expiry. Linear interpolation is

then used to calculate the main indexes from the sub-indexes.

The STOXX Strategy Index Guide (2017) describes the calculation and interpolation
scheme of VSTOXX in detail. This MFIVI, representing Euro Stoxx 50 index implied
volatility, is calculated by interpolating or extrapolating its sub-indexes, whose time better

represents the targeted fixed time to expiry. The main index calculation is presented in

Equation 5.
Main  _ 100 x \/[ Tst o (Sub]ndexst)z o Tu=Tem | Tie o (Sublndexlt)z % Ttm—Tst] o Tses (5)
Index ¢, T365 100 Ty~Tst  Taes 100 Tie=Tst ]~ Tem '

where tm is the fixed time to maturity in days (targeted by the main index), T545 IS seconds
in a standard year of 365 days, SubIndex,; is the sub-index with shorter maturity used in
the interpolation or extrapolation, Sub Index;; is the sub-index with longer maturity used
in the interpolation or extrapolation, T, is the seconds to expiry of SubIndexg;, T is the

seconds to expiry of Subindex;;, and T, is seconds in tm (1 day is 86 400 seconds).

The CBOE’s skew index SKEW measures the slope of the implied volatility curve of S&P
500 index options. The existence of the SKEW index (and implied volatility skew in
general) arises from the previously introduced observation that investors price OTM put
options higher than OTM call options. The October 1987 crash alerted investors to be afraid
of large downward jumps, which again reflects to the popularity and prices of protective
positions. The SKEW index allows for two important things regarding this study. Firstly, it
provides a way to capture the difference between model-free risk-neutral and physical
expectations of the implied volatility skew unveiling the skew risk premium and providing
information about the priced tail risks. Secondly using the skew risk premium implied in
the U.S. option prices in predicting European equity returns enables the interpretation of
globally priced tail risks. Providing a proxy for the U.S. tail risk measure, SKEW
supplements the information content of the VIX regarding both priced risks and priced

global risks.
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SKEW is calculated using a portfolio of OTM S&P 500 index options, just like with the
VIX index. This portfolio constructs an exposure to the skewness of S&P 500 index returns,
and the level of the SKEW index unveils how the markets price tail risk. According to
CBOE Skew Index White Paper (2017), skewness (S) is defined in Equation 6:

s=£[(5]. o

where R is 30-day log return from S&P 500 index, u is its mean, and o is its standard
deviation. S = E[x] is the risk-adjusted expectation of x; in other words, skewness’ market
price and the risk-neutral version of a coefficient of statistical skewness. All expectations
E[x] are taken under the risk-neutral density. S is calculated by using a portfolio of S&P
500 index options that mimics the exposure to skewness payoff. When the S&P 500 index’s
logarithmic return distribution is symmetric, the payoff S is equal to zero, and
correspondingly, when its negatively (positively) skewed, the payoff is negative (positive).
Because precisely 30-day options are not often available, S is derived via an interpolation

and extrapolation procedure from S,,.,, and S,,.,: from the closest expires:

S = WSpear + (1 - W)Snext ) (7)

Tnext—T30

where w = , and Tpexe Tnear, and Ty, Where the first two are the times to

next—Tnear

expiration of the near- and next-term options in minutes, and the last one is minutes in 30
days. The selection of S&P 500 index option contract months and the interpolation and
extrapolation of SKEW are analogous to the calculation of the VIX. Where the two differ
is the equations applied to option prices in order to calculate the prices of power payoffs. S

is expanded from the option prices following equation 8:

P3—3P,P,+2P3

S = " mrtpr ©®
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where

P =e" <_Zi%QKiAKi) t+é&r, )

P,=e <Zl% <1 —In (%)) QKiAKi) T &2, (10)

P, = et (ZiKiiz{zm (’;—0) —In 2(’;—0)} QKiAKi> te, (1)

and
& =—(1+ln(£—‘;)—£—‘;), (12)
& =2 (2)(R-1)+;5mn 2(’;—;’) , (13)
g5 = 3In? (I;_Z) (Gm (’;—;’) —1+ ;—‘;) . (14)

Other variables are defined as in the VIX equation (2), and ¢; is the adjustment term. Since

the skewness tends to vary within a relatively narrow range, the correct price level for the

SKEW index is obtained through the following linear function:

SKEW =100 — 10 %S . (15)

This equation is worked backwards in this study to obtain the risk-neutral expectation of
one-month skewness S, when the level of the SKEW index is known. Three-month risk-
neutral skewness is derived directly from the one-month levels to allow quarterly

regressions.
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4.4 Volatility Risk Premium

It is extensively documented that the equity index option implied volatilities are, on average,
higher than the realized volatilities. This consistently positive spread between implied and
realized volatilities is visualized in Figure 1 for Euro Stoxx 50 index over the studied period.
On average, volatility selling over the Euro Stoxx 50 index has been profitable over the ten-

year period from the beginning January 2007 to the end of October 2017.
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Figure 1. Euro Stoxx 50 index daily one-month volatility spread from 2007 to 2017

The difference, spread between implied and realized volatility, is interpreted as a volatility
risk premium (later VRP) by relatively recent literature. This difference between risk-
neutral and realized volatility is proven to have predictive power for equity returns on both
an individual and an aggregate level. The second moment of a return distribution, quantified
by variance or volatility, seems to exhibit significant explanatory power on following equity
returns.
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Using the S&P 500 and S&P 100 index options, Bakshi and Kapadia (2003) present the
VRP in a non-parametric way by analyzing delta hedged option positions. They show that
the implication of the volatility risk premium is that the profits on delta-neutral option
strategy are non-zero and are determined mutually by the volatility risk premium and option
vega. Moreover, the volatility risk premium and delta hedged gains seem to have the same
negative sign. Negative VRP implies an equilibrium, where equity-index options act as a
hedge to the market portfolio. Investors are willing to pay a premium to hold options in their
portfolio for hedging purposes, which makes options’ price higher than it would be when
volatility is not priced. The results of Bakshi and Kapadia (2003) strengthen the
interpretation that equity index options hedge downside risk. This is an important notion

when assessing the fundamentals behind the VRP.

The intuition for the existence of VRP is again relatively simple: if investors do not want to
be exposed to the variation in prices and therefore in expected returns, they require being
compensated for it. Expected sign of average VRP should be positive® and hedging against
market volatility costs, therefore, the variance or volatility risk premium. Bakshi and Madan
(2006) empirical results showed that implied return distribution of the S&P 100 index was
much more volatile than its physical equivalent, defining the difference as volatility spread.
The volatility spread between risk-neutral expectations and realized values was found to be
systematically related to the higher moments of the return distribution and investor risk
aversion. They concluded that “rational risk-averse investors are sensitive to extreme loss
states and willing to counteract these exposures by buying protection.” Investor need to
hedge against extreme losses drives up the option implied probability of occurrence relative

to the actual probability of occurrence, causing the volatility spread to widen.

The risk-neutral expectation of variance can also be interpreted as variance swap rate,
following the methodology introduced by Carr and Wu (2008). Focusing on historical
behavior of variance risk premiums on five equity indexes and on 35 individual stocks, they
composed synthetic variance swap rates by using options of the underlying and compared
these to the realized variances of the underlying to assess the differences. The fixed leg of

the swap is the option implied variance, and the floating leg represents the realized variance.

& Some studies (e.g. Carr and Wu, 2008) denote volatility risk premium as VRP = RV — IV, in which case,
VRP should consequently be negative on average. The difference in definitions is of course irrelevant to the
results presented in the studies.
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The spread between the risk-neutral and physical values unveils the variance risk premium.
Variance swap rate represents the market’s risk-neutral expected value of the realized
variance and is synthesized by a linear combination of option prices. As variance swap costs
zero to enter, the variance swap rate is interpreted as the risk-neutral expected value of the

realized variance, as in Equation 16.

SWer = EtQ [RVer], (16)

where EtQ denotes the time-t conditional expectation operator under a particular risk-neutral
measure Q. Since the risk-neutral variance is, on average, higher than the physical variance,
the seller of the variance swap contract is compensated by the buyer of the swap, and the

hedging cost against market volatility is equivalent to the variance risk premium.

Carr and Wu (2008) conclude that their findings prove the existence of the common and
stochastic risk factor (assuming there is no large inefficiency in the market for index
variance), that the Fama-French factors cannot account for and that demands a highly
negative risk premium. In this context, negative risk premium means that the realized value
or the floating leg of the swap is, on average, lower than the fixed leg. This negative
premium indicates that investors regard rises in market volatility as an unfavorable shock
and are willing to pay a large premium against market volatility increases. Writing variance
swaps is therefore on average profitable, since the fixed swap rate is prone to exceed the
floating rate. Carr and Wu (2008) define the payoff for the long side of the variance swap

as follows:

Variance swap payoff = (RVt,T — SWt,T) x L, a7)

where RV is the realized variance from time t to T, SW is the variance swap rate determined
at time t and paid time T, and L is the notional dollar amount converting the variance
difference into dollar-denoted payoff. Being a market observable risk-neutral ratio, VRP

measures investor risk aversion. If the difference in risk-neutral and realized volatility is not
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interpreted as a premium, it simply means that markets are pricing equity index volatility

systematically wrong, and arbitrage opportunities exist.

The existence of VRP has faced a significant academic interest and has been extensively
studied in the U.S. stock markets. Bakshi and Kapadia (2003) identify three separate
empirical findings that motivate the search for non-zero market volatility risk premium.
Firstly, the hedging motive of purchased options is indicative of negative volatility risk
premium, since the buyers of market volatility are willing to pay a premium for downside
protection. Secondly, implied volatilities are consistently higher than realized volatilities,
which strongly suggests the existence of the negative volatility risk premium. Thirdly,
option pricing models that ignore the volatility risk premium might be inconsistent with the
market-observed option pricing dynamics, i.e. all the information embedded in option prices
Is not necessarily being gained via any specific option pricing model.

Bakshi and Kapadia (2003) try to capture the volatility risk premium by using a sample of
S&P 500 index options and by building delta-neutral long straddle positions over these
options. Their central assumption is that if the option prices incorporate the non-zero
volatility risk premium, its existence can be inferred from the returns of an option strategy
that has dynamically hedged away all the other sources of risks. If the volatility risk is
priced, then the sign and magnitude of average delta hedged non-zero gains are determined
solely by the volatility risk premium. Bakshi and Kapadia’s (2003) empirical results show
that the delta-hedged gains are non-zero as is the premium paid for volatility exposure.
These long-vega call portfolios underperform zero, getting more negative during periods of
higher volatility, suggesting a negative volatility risk premium. Consistent with the related
literature, equity prices seem to react negatively to increases in market volatility. Therefore,
investors are willing to pay premium for having options in their portfolios, making the
option prices higher than when the volatility risk is not priced. Conclusively, equity index

options seem to hedge for downside risk.

The evidence of the existence of return impacts of variance risk premium has been
established both on an aggregate market level and an individual stock level. Han and Zhou
(2012) focused on the cross-section of large-cap stock returns and found that an individual
stock’s expected return increases with its variance risk premium. They used a model-free
approach in estimating the variance risk premium and found that the top VRP quintile stock

returns outperform the stocks in the lowest quintile by 1.84% per month. Low VRP stocks
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seem to be serving as useful hedges against systematic volatility (market volatility, average
idiosyncratic volatility, and market VRP) and therefore also have lower expected returns.
Investors seem to have preferences about equity volatility at both individual and aggregate

levels.

Bollerslev, Tauchen, and Zhou (2009) studied S&P 500 index returns from January 1990 to
December 2007 and found that model-free implied variances derived from the index options
systematically exceed the corresponding realized variances. This difference between risk-
neutral and a physical measure, variance risk premium, was able to explain a significant
fraction of subsequent aggregate market returns, so that high values of the variance risk
premium predict high equity index returns and vice versa. The squared VIX index is used
as a model-free proxy for a model-free variance estimate, and intraday price data from the
S&P 500 index is used in realized variance calculations. The variance risk premium is
defined as the difference between model-free implied variance and realized variance for
their regression models. Bollerslev et al. (2009) proved the existence of a significant risk-
return relationship and found that the variance risk premium is most effective in forecasting
equity index returns in quarterly to six-month horizons, even though the results holds for
shorter one-month and longer annual periods as well. Their results hold when other, more
common equity index return predictor variables are included in multiple regressions. The
predictive power P/E ratios in particular becomes more effective and significant when

combined with the variance risk premium.

Using a similar method and relying on a squared VI1X as a proxy for risk-neutral expectation
of implied variance, Drechsler and Yaron (2010) showed that the variance risk premium is
closely linked to the uncertainty of economic fundamentals. They found a strong statistically
significant relationship between the variance risk premium and aggregate stock market
returns, and their findings support the superior short-term predictive power of VRPs, as
suggested earlier by Bollerslev et al. (2009). They concluded that the variance risk premium
is an extremely useful tool in measuring the market’s perceptions of uncertainty and the
risks of influential shocks to the economy. Not only does the VRP provide a measure for
uncertainty perceptions, but it is also a useful tool in understanding what preferences are
able to map the risk onto asset prices. VRP can be seen to provide a vehicle to capture

investor risk aversion and its pricing in equity markets.
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The findings of Bollerslev et al. (2009) and Drechsler and Yaron (2010) about the VRPs
superior explanatory power over equity index returns on short time periods motivates to test
whether the one-month volatilities could be used to capture three-month implied volatilities
and VRPs and to capture the possible return-explanatory power of VRP over three-month
periods as well. Levels of annualized one-month and three-month implied volatilities
derived from one-month specific VSTOXX and V1X-NEW and three-month specific
VSTOX3M and VDAXN3M were closely correlated (78%-80%). Moreover, using the
actual three-month sub-indexes calculated from three-month index option prices provided
closely similar regression results for the Euro Stoxx 50 and DAX indexes than when using
the three-month implied volatilities derived from one-month index levels. This finding
supports one-month volatility derivability for three-month periods; this is how the three-

month implied volatilities are obtained in this study for all the indexes.

In this paper, the volatility risk premium is defined to be the difference between the model-
free implied volatility and the corresponding realized volatility VRP = IV — RV. This is in
line with the previously introduced definition by Bollerslev et al. (2009), except that instead

of using variance measures, this study relies on volatility measures’. The calculation of

realized volatilities in this study is presented in Equation 18, where x = ln(;I“ ) with daily
a—-1
observationsa =t,..,Tandn =T — t.
RV = (20 (18)

n-—1

" Bollerslev et al. (2009) found the volatility-based risk premiums to provide closely similar results to
variance-based measures. Volatility is used in this study as it is a more widely used indicator of price
variation in practice. In addition, Merton (1980), for example, argues volatility to be a more stable measure
of risk than variance.
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4.5 Skew Risk Premium

The implied volatility skew has been a widely recognized feature of equity index option
markets since the crash of 1987. Part of the skew is partly caused by the asymmetric
distribution of realizing returns and partly by the skew risk premium. Large downward
jumps in asset prices fatten the weights of tails of the return distribution, and these
asymmetric jumps cause also the distribution to skew. Due to the risk aversion, the skew is
negative, on average. As the rarely materializing events are harmful to investors, a premium
is required in exchange for the exposure to the risk. This risk of extreme events and pricing
is studied in this paper by first finding out whether investor risk-neutral expectations show
evidence of the skew risk premium. The premium is captured by using the SKEW-index,
describing implied volatility skew in the S&P 500 index options and calculating the
corresponding realized skew. Explaining the European equity index returns with this

premium provides insight into whether the observed tail risks are priced globally.

Kozhan, Neuberger, and Schneider (2013) studied which part of the observed implied
volatility skew was due to the actual skewness in return distribution and which arises from
the skew risk premium. They introduced a concept of a synthetically built skew swap that
allows a pure play on skew. The strategy is implemented by holding a portfolio of long
OTM call options and short OTM put options. Correspondingly to the variance swap, skew
swap can be used to explore the relationship between the skew in option implied volatility
and realized skew. The difference reveals a premium. The employed model requires the use

of options and dynamic hedging to maintain constant risk exposure purely on skewness.

The findings of Kozhan et al. (2013) based on the S&P 500 index show that the skew risk
premium is able to explain almost half of the implied volatility skew on one-month period
and that common risk factors drive both variance and skew risk premiums. Buying skew
swaps is highly correlated with the gains from writing variance swaps. They concluded that
variance swaps and skew swaps create analogous risk exposure, and therefore, skew and
variance premia are ultimately manifestations of the same underlying risk factor.
Documented similarity of the underlying risk factors is in line with Bakshi and Madan
(2003), who concluded that the difference between option-implied volatility and realized
volatility is systematically related to the higher moments of the realized equity index return

distribution. Variance swaps and skew swaps are interpreted to create a similar kind of risk
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exposures, since the excess return from buying a skew swap and hedging away the

remaining variance risk by buying variance swap is close to zero.

The skew risk premium is not covered in academic literature in the same extent as the
volatility risk premium. This might be due to the fact that both volatility and skew premiums
are determined by the same risk factor, as Kozhan et al. (2013) presented. Similarity of the
risk factors behind volatility and skew risk premiums is also tested in this study to find out
whether both premiums provide explanatory power that differs only in sign. Whereas the
volatility risk premium should have a positive relationship with following equity index
returns, the skew risk premium should have a negative relationship. The calculation of
realized skewness for the purposes of unveiling skew risk premiums is done by following

Equation 19:

=\ 3
n xX—x

The methodology used in this study does not completely correspond with Kozhan et al.
(2013), who used individual options and option portfolios to discover the skew risk
premium. The intuition is however the same: the difference between risk-neutral and
physical expectations of the return distribution’s skewness reveals the skew risk premium.
Therefore, the skew risk premium is defined as SRP = IS — RS in this study. To the best of
my knowledge, a similar return-predicting methodology that directly exploits the model-
free SKEW index has not yet been implemented in the previous literature, nor has the
relationship between the S&P 500 skew risk premium and European equity index returns

studied before.
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5. Data and Methodology

This section describes the data and variables that are used in this study to reveal the impact
of volatility and skew risk premiums over subsequent aggregate stock returns. The
methodology used to capture these moment risk premiums is introduced and the conducted

tests are presented.

5.1 Data

The European equity indexes employed in the first part of the empirical tests are Euro Stoxx
50 index (ESTOXX), DAX index (DAX), FTSE 100 index (FTSE), and SMI index (SMI).
These indexes serve as a proxy for European stock markets. Descriptive statistics of all the
used equity indexes can be found in the Appendix Table 1. These equity indexes also have
dedicated model-free one-month implied volatility indexes, denoted as VSTOXX (for Euro
Stoxx 50 model-free implied volatility), V1IX-NEW (for DAX model-free implied
volatility), VFTSE (for FTSE 100 model-free implied volatility), and VSMI (for SMI
model-free implied volatility). The option-implicit information underlying in these volatility
indexes allows the search for index-specific volatility risk premiums. These premiums are
then used to capture their possible return-predictive features for the indexes that their

information is specific to.

In the second part, the potential existence of the global risks is analyzed by using volatility
and skew risk premium embedded in the U.S markets and explaining the European stock
market returns by these premiums. The S&P 500 equity index (SPX), CBOE’s model-free
volatility index VIX, and skew index SKEW are used to unveil these global volatility and
skew risk premiums. The returns of the four previously mentioned European equity indexes
as well as those of STOXX Europe 600 index (STOXX) are explained by the U.S.-based
variables to find out whether the priced risks exhibit global predictive power. The
evolvement and trends of the studied European equity indexes are displayed in Figure 2 as

cumulative daily logarithmic returns (indexed at 100).
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Cumulative European Equity Index Returns 2007 - 2017
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Figure 2. Cumulative Returns of European Equity Indexes

As the graph explicitly illustrates, European equity index returns were highly affected by
the economic uncertainty that originated from the financial crisis of 2007-2008 and later
from the European sovereign-debt crisis in 2011. The recovery from these crises has been
significantly slower for the European-wide indexes, whereas DAX has shown relatively
quick retrieval and long and consistent periods of high returns. All the returns are calculated
as logarithmic returns following equation 20.

r=n(-x), (20)

where 7; is the logarithmic return of the equity index at time ¢, P; is the price level of the

index at time t, P,_; is the price level of the index at time t — 1.

The daily closing prices (datatype PI) for price indexes, volatility indexes, and risk-free rates
are loaded from Datastream. Each index prices are downloaded in their base currency, and
the returns are reported in the local currency of the index at hand. The risk-free rate used in
the calculation of the market indexes’ excess returns is three-month Euribor. Risk-free rates
are modified considering the day count convention and conversion into continuously

compounded rates. For example, Duffee (1996) provides evidence that short-maturity
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Treasury securities are subject to distortions arising from central bank reserve management
activities, which supports the choice of Euribor as a proxy for risk-free rate of return in this

study. All the employed variables and their abbreviations are presented in Table 1.

Table 1. Variables and Abbreviations Used in the Empirical Section

Class Variable Abbreviation
Euro Stoxx 50 index ESTOXX
DAX index DAX
Equity indexes FTSE 100 index FTSE
SMI index SMI
STOXX Europe 600 index STOXX
S&P 500 index SPX
Euro Stoxx 50 implied volatility index VSTOXX
DAX implied volatility index V1X-NEW
Volatility- and skew indexes FTSE 100 implied volatility index VFTSE
SMI implied volatility index VSMI
S&P 500 implied volatility index VIX
S&P 500 implied skew index SKEW
Ex ante volatility risk premium VRP
Ex post volatility risk premium EPVRP
Moment risk premiums Ex ante S&P 500 volatility risk premium SPX VRP
Ex post S&P 500 volatility risk premium SPX EPVRP
Ex ante skew risk premium SRP
Ex post skewrisk premium EPSRP
Implied volatility \%
S&P 500 implied volatility SPX IV
S&P 500 implied skewness 1S
Control variables Dividend yield DIV
Price-to-earnings-ratio PE
Default spread DEFT
Term spread TERM

The observed period for implied volatilities, realized volatilities, and closing prices of the
stock indexes spanned from 28.11.2006 to 31.10.2017, including a total of 2823 trading day
observations for ESTOXX, 2795 for DAX, 2816 for FTSE, 2875 for SMI, 2783 for STOXX,
and 2772 for SPX. Using inconsistent day range allows the capture of volatility and
skewness variables from the beginning of 2007 (2.1.2007) until the end of October 2017
(31.10.2017). This analysis directly employs the model-free implied volatilities provided by
MFIVIs. The closing prices for all the indexes are attained directly from Datastream.

Similarly, the control variables that are one-month implied volatility (IV), one-month S&P
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500 implied volatility, one-month implied skewness (IS), Price-to-earnings (PE), and
Dividend yield (DIV), are attained from Datastream. The Term spread (TERM) is the
difference between 10-year and 3-month government liability yields, explicitly 10-year
Bund yield and 3-month German government liability BD deposit, both of which are also
downloaded directly from Datastream. Default spread (DEFT) is defined as the Difference

between Moody’s Baa Corporate bond yield and 10-year Treasury yield®.

The main explanatory variables are ex ante volatility risk premiums (VRP) and ex post
volatility risk premiums (EPVRP) from the Euro Stoxx 50 index, DAX index, FTSE 100
index, SMI index, and S&P 500 index. As the volatility risk premiums are, by construction,
the differences between risk-neutral expectations and realized values, the realized values
need to be calculated. This is done by calculating the realized values from daily logarithmic
excess returns over one-month periods following the abovementioned Equation 3. Volatility
premiums are then uncovered from the differences of the closing prices of one-month (21
business days) model-free volatility indexes and corresponding realized values over the

same time period.

The calculation methodology of VRP and SRP closely follows the approach of Bollerslev,
Gibson, and Zhou (2010) and Bollerslev, Tauchen, and Zhou (2009). Annualized implied
volatilities obtained from MFIVIs are translated to monthly (quarterly) volatilities simply
by dividing the index levels by V12 (v/4). This allows the comparison between monthly
implied and realized values. Subtracting the realized volatility of ¢ — 21 to ¢t from implied

volatility of time t gives one-month VRP that is observable at time t.

This approach has a clear advantage from the viewpoint of forecasting. One-month VRP at
time t is thereby obtained by using the implied volatility observed at t for the time period
t + 21 and subtracting the realized volatility that is calculated using the returns of the
preceding month. The calculations for SRPs and EPSRPs are conducted following the same
logic. One-month EPVRPs and EPSRPs for time t are obtained by subtracting the ex post
observed realized volatility of time period t + 21 from the implied volatility observed at

time t. When calculating the quarterly variables, 63 business days are used. Figure 3

& This study directly employs the default spread obtained from: https://fred.stlouisfed.org/series/BAA10Y.
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presents the levels of one-month VRP and EPVRP for ESTOXX index over the observed

i~9
period®.
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Figure 3. Euro Stoxx 50 Index One-Month Ex Ante and Ex Post Volatility Risk Premiums

Consistent with the existing literature, the formed volatility risk premiums are almost
always positive for all the observed equity indexes, except for the short periods of unusually
high realized volatility. The average one-month VRP (EPVRP) is 1.19% (1.21%) for

9 See Appendix Figures 1-4 for VRPs and EPVRPs for the rest of the indexes.
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ESTOXX, 1.07% (0.95%) for DAX, 1.00% (0.93%) for FTSE, 1.02% (0.99%) for SMI, and
1.22% (1.15%) for SPX. As the above figures illustrate, both of the volatility risk premium
variables follow the same trends, but EPVRP levels are somewhat pronounced compared to
the corresponding VRP levels. The highly negative EPVRP during the financial crisis of
2008 in particular differs distinctly in its magnitude from the corresponding VRP, indicating
that the realized volatilities became unpredictably high. This surprise reflects decreasingly
to the backward-looking volatility risk premium as the higher realized volatility makes the

EPVRP more negative.

The quick recoil and sharp upward movement in VRP and EPVRP after the crisis is in line
with the findings of Ait-Sahalia et al. (2015), who point out that investor willingness to
protect themselves against future volatility risk increases after a market drop, and this effect
is at its strongest in short-term horizons. VRP for ESTOXX rose all the way to 2.03%, and
the EPVRP reached 2.30%. A similar, yet not quite as intense, sharp rise in risk aversion
can especially be seen from the EPVRP figures after the sovereign debt crisis of 2011.

Despite the differences in levels of VRPs and EPVRPs during the crisis periods, their
average magnitudes are closely similar, alternating by merely between 3 to 12 basis points
throughout the observed period. The observation of negative average skew risk premiums
SRP and EPSRP is also in accordance with preceding literature, namely with Kozhan et al.
(2013). Figure 4 shows that the trends are opposite to the VRPs and EPVRPs (Figure 8) of
the SPX index. The average SRP and is -2.14% and the average EPSRP is -2.16% over the
studied period.
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Figure 4. S&P 500 index One-Month Ex Ante and Ex Post Skew Risk Premiums

One distinctive feature of the one-month EPSRP series is that it became extremely sharply
positive just before the financial crisis of 2008. This is most likely caused by the worse than
expected losses that investors suffered when the crisis started. Consequently, both SRP and
EPSRP show that in the beginning of the sovereign debt crisis in 2011, the implied skewness
overstated the left tails of the upcoming return distribution. Even stronger risk-aversion
effect can be interpreted to be reflected in the strongly negative SRP and EPSRP at the time
of the Brexit speculations and anticipations in 2016. The highly negative SRP and EPSRP
at the end of the 2016, and on the other hand sharply increasing SRP and EPSRP at the

beginning of the 2017, are again caused most likely by the investors’ worries on the U.S.
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presidential election results and the followed “relief” on the better-than-anticipated market

reactions.

Correlation matrixes for the used monthly explanatory variables and control variables are
presented for all indexes in the Appendix Table 3. High positive correlations between
logarithmic excess returns and ex post volatility risk premiums, as well as the strong
negative correlation between the logarithmic excess returns and implied and realized
volatilities across all the indexes, will be addressed when the results of the linear regression

are presented in Section 6.1 and analyzed further in Section 6.5.

5.2 Methodology for the Predictive Regressions

Time-series data requires dependent variables to be stationary. If this was not the case, i.e.
the explained variables would be non-stationary and their mean and variance would not be
constant over time, this would cause the test statistic not to follow the conventional t-
distribution and the asymptotic analysis not to be valid. Stationarity is tested by applying
the Augmented Dickey-Fuller test, using AIC-criterion, and testing for level and 1%
difference without drift term and trend, with drift term and trend following Equations 21,
22, and 23, respectively (see, for example, Enders, 2015. 206-210).

Ay =yYYiq + & - (21)
Ay, = ag+Vyi-1+ & - (22)
Ay, = ag + VY1 +art + & . (23)

The null-hypothesis that the series has a unit root can be rejected for all the dependent
variables at 1% level in all the mentioned cases, indicating that ESTOXX, DAX, FTSE,
SMI and STOXX excess returns are all stationary®. This implies that the dependent

variables do not need to be adjusted for non-stationary features.

10 See Appendix Table 2 for combined results of the Dickey-Fuller tests.
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Autoregressive conditional heteroscedasticity effects and autocorrelation effects are tested
in post estimation purposes by conducting ARCH and Breusch-Godfrey tests. Evidence of
both heteroscedasticity and autocorrelation is found in OLS errors. To deal with these, all
the final regressions are conducted via the Newey-West (1987) procedure, which produces
Heteroscedasticity and Autocorrelation consistent (HAC) standard errors that correct for
both undesired features. The lag length that the used econometric program EViews uses is

defined in Equation 24.

2
Lag length = INTEGER I4 (i)gl . (24)

100

The forecasts are based on simple OLS linear regressions of the excess returns of European
equity indexes. All the conducted OLS regressions with volatility and skew risk premium
variables, as well as control variables, can be formally expressed in the general form of

regression equation presented in Equation 25.

ln(Pi)_rf=,BO+ﬁ1*x1+32*x2"'ﬁk*xk+€’ (25)

t—-1

where the dependent variable is the logarithmic excess return of the equity index
(n (

the independent variables, and ¢ is the residual error term. In the search of local and global

Py

> ) —1¢), Py is the intercept, 5y, B ... By are the slope coefficients, x;, x, ... x; are
t—-1

evidence, univariate regressions for VRP, EPVRP, SRP, and EPSRP variables are first
conducted independently, in isolation of each index. Then, to test for the robustness of the
variables’ predictive power, multivariate regressions with control variables are conducted
for all the indexes. This allows the check of whether the results obtained in isolation hold
when the forward-looking option implied volatility, dividend-based, valuation-based, and
interest rate-based variables are included in the model. Throughout the study, logarithmic
excess returns of the European equity indexes are used as the dependent variables of the

regression models.
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6. Results

The results of the volatility risk premiums captured using only European MFIVIs are
introduced and analyzed in sub-sections 6.1 and 6.2. The VRPs and EPVRPs formed
provide index-specific information, and according to the first hypothesis, these risk
premiums should also provide explanatory power over equity index excess returns.
Univariate and multivariate regression results are discussed. Sections 6.3 and 6.4 provide
the results of global regressions, showing the explanatory power of the S&P 500 index
option information over the European equity indexes and the results of the robustness checks
of global regressions. Finally, in Section 6.5, the empirical findings are summarized and

answers to the set research questions are presented.

6.1 Local Evidence

The results of one-month excess return univariate OLS regression results with the Newey-
West standard errors are shown in Table 2.

Table 2. One-Month Return OLS Regression Results for VRP Variables

The table shows univariate OLS-regression results with the Newey-West standard errors for one-month (21
business days) excess returns of the European equity indexes. These excess returns are explained by the
volatility risk premium variables of each index. Corresponding NW-based t-statistics are presented in
parentheses.

One-month returns

Euro Stoxx 50 DAX FTSE 100 SMI
VRP coefficient 0.0195 0.0392 0.0894 0.0095
(-0.06) (0.11) (0.39) (0.04)
Constant -0.0021 0.0032 -0.0004 -0.0007
(-0.29) (0.44) (-0.09) (-0.13)
Adj. R Squared (%) 0.77 0.77 -0.66 0.77
EPVRP coefficient 1.4576 1.6483 1.2434 0.8169
(9.88)** (7.45) %+ (6.95)%** (4.05)**
Constant -0.0195 -0.0121 -0.0184 -0.0085
(-5.27)%* (-2.86)** (-4.01)*** (-2.74y%*
Adj. R Squared (%) 40.56 37.82 35.85 21.26
N 129 130 129 130

*p < 0.1; **p < 0.05; ***p < 0.01
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The ex post observable measure of volatility premium provides surprisingly strong
explanatory power over equity index returns on monthly time periods. EPVRP coefficients
are positive for all the examined indexes and vary from the lowest of SMI’s to the highest
of DAXs, giving statistically significant results at 1% level for all of the indexes. Constant
terms are slightly negative and significant at 1% level for all the indexes, respectively. The
results indicate that the volatility risk premium consistently explains a significant part of the
European equity index returns on a monthly level. Adjusted R? values vary at an impressive
range between 21.26% to 40.56%. One percent increase in monthly EPVRP increases the
monthly logarithmic excess returns of European equity indexes between 0.81% to 1.64%,
on average. EPVRP captures a significant part of a priced volatility risk in the equity risk
premium over one-month horizon, as the average increasing impact of one percentage point
increase to all the European equity index one-month return is 1.28%. SMI index EPVRP
has the least explanatory power, providing the lowest coefficient, t-statistic, constant term,
and adjusted R-squared-values.

DAX and Euro Stoxx 50 obtain the most significant and highest results, with the models
explaining 37.82% and 40.56% of the variation in their excess returns, and one percent point
increase in ex post volatility risk premium causing 1.64% and 1.44% on average increase in
monthly logarithmic excess return, respectively. Aij6 (2008) writes that it is noteworthy that
DAX and Euro Stoxx 50 have significant overlap, because these indexes historically contain
approximately 20-25% of the same stocks. This naturally implies that similar results are to
be expected for these two indexes.

Despite the strong explanatory power of ex post measures over equity index returns, the ex
ante measure VRP does not provide significant explanatory power over one-month
subsequent returns. The VRP coefficients are consistently slightly positive, yet not
statistically significant, even at 10% level. This implies that the one-month return
forecasting power of the ex ante volatility premium is weak for the studied indexes.
Volatility risk premium is a clearly priced factor in the European equity index returns, but
it has little or no ex ante predictive power over the following one-month logarithmic excess
returns. The difference between the explanatory power of the VRPs and EPVRPs might be
due to the fact that historical realized volatility (i.e. the realized volatility at time t from the

period of t — 21) is a poor estimate for the upcoming monthly period. Since the realized
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volatility is the only variable that differs between VRP and EPVRP, this is a likely

explanation for the VRP’s weak forecasting performance.

This finding of the lack of local VRP’s predictive power is contrary to the former evidence
from the U.S. markets — even with the studies that have followed the same methodology in
calculating realized volatility (e.g. Bollerslev et al. 2009 and Bollerslev et al. 2014). The
weak forecasting power of the VRPs in one-month periods, and on the other hand, the
relatively big difference in the explanatory power of EPVRPs between indexes might also
relate to the popularity of the option market for the underlying indexes and, therefore, to the
information content of the option prices. Previously studied U.S. markets and S&P 500
index options are more traded, liquid, and have wider strike ranges than the European
counterparts and are therefore likely to contain more information about the underlying index
than the options for European equity indexes. This of course reflects in the information

content of European MFIVIs with respect to the VIX.

Similar regressions were conducted for the S&P 500 index (see Appendix Table 4) to allow
comparison with previous studies and to better understand if the liquidity of the underlying
option market might have an impact on the forecasting power of the VRP variable. The
results from the one-month SPX regression show statistically significant results even at 1%
level with a positive ex ante VRP coefficient and the model explaining 9.96% of the
variation in SPX. One percent increase in monthly SPX VRP leads to a 0.84% on average
increase in SPX monthly logarithmic excess returns. These results are in line with the
previous studies focusing on the S&P 500 index (e.g. Bollerslev et al., 2009 and Drechsler
and Yaron, 2010). This discovery of the strongly similar regression results from the U.S.
markets compared to the existing literature from U.S. markets excludes the possible
methodology issues and allows to continue the analysis with the chosen methods. However,
S&P 500 index options show to provide better ex ante forecasting power than its European

equivalents for one-month periods.

This discrepancy in the findings could also result from the calculation frequency used,
considering the realized volatility (Bollerslev et al. 2009 used 5-minute intraday returns)
that gets pronounced effects on the monthly return horizon with respect to the quarterly
periods. For example, Andersen and Bollerslev (1998) concluded that the use of intraday
data provides more accurate estimates of realized volatility. The realized volatility estimates

from the daily data might be too thin to capture the true variation in the prices throughout
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the relatively short monthly period. Due to the unavailability of intraday data, the daily
calculation frequency of the realized volatility is more of a forced decision rather than a

preferred one.

For the presented reasons, the unexpectedly weak one-month return impact of ex ante
measure of volatility risk premium and its big contrast in explanatory power compared to
the ex post measure of volatility risk premium can be reasonably argued to be due to the
European equity indexes’ historical realized volatility’s weak generalizability for future
periods, European index options’ relatively weaker information content with respect to S&P

500 index options, absence of intraday data, and/or for a combination of these reasons.

However, the ex post measure of volatility risk premium provides valuable information
about the European equity markets’ pricing content, and the results show that the priced
volatility risk explains a non-trivial fraction of the one-month logarithmic excess returns.
Investors have clearly demanded a compensation for bearing volatility risk through the
examined time period, and this volatility related risk premium proves to be positively linked
to equity risk premium on one-month return horizons. Increases in market volatility are seen
as harmful shocks and the findings of the connection between volatility risk premium and
equity risk premium are interesting from the viewpoint of European equity index returns

and asset pricing in general.

Three-month excess return regression results for VRP and EPVRP variables are presented
in Table 3. The results from three-month periods show that the VRP coefficients are
consistently positive for all of the indexes. This finding of ex ante volatility risk premium’s
superior predictive power on quarterly periods is in accordance with the results presented
in the earlier literature. Bollerlev et al. (2009) found their monthly and quarterly variance
risk premiums to be positive, indicating that the increase in volatility risk premium would
be followed by an increase in equity index returns. The degree of volatility risk premium’s
return-predictability was found to be highest at quarterly horizons, yet “the premium still

helps explain the observed return variation at shorter monthly and longer annual horizons”.
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Table 3. Three-Month Return OLS Regression Results for VRP Variables

The table shows univariate OLS-regression results with the Newey-West standard errors for three-month
excess (63 business days) returns of the European equity indexes. These excess returns are explained by
volatility risk premium variables of each index. Corresponding NW-based t-statistics are presented in
parentheses.

Three-month returns

Euro Stoxx 50 DAX FTSE 100 SMI
VRP coefficient 1.3472 1.1390 0.6153 1.2781
(2.41)** (L77y* (1.59) (2.47)**
Constant -0.0262 -0.0004 -0.0061 -0.0166
(-1.73)* (-0.02) (-0.55) (-111)
Adj. R Squared (%) 8.06 4.10 1.23 12.95
EPVRP coefficient 0.1263 0.0212 0.2108 -0.3446
(0.46) (0.05) (0.49) (-1.14)
Constant -0.0079 0.0124 -0.0014 0.0021
(-0.48) (0.70) %+ (0.09) (0.14)
Adj. R Squared (%) -2.27 0.24 -1.81 -0.37
N 43 43 43 43

*p <0.1; **p < 0.05; ***p <0.01

Statistically significant results at 5% level are obtained for Euro Stoxx 50 and SMI and at
10% level for DAX. Only Euro Stoxx 50’s constant term is statistically significant (at 10%
level). One percentage point increase in ex ante volatility risk premium leads to an average
increase of 1.32% in Euro Stoxx 50 quarterly logarithmic excess returns (the model
explaining 8.06% of the index return variation). This same impact is 1.28% (12.95%) for
SMI and 1.14% (4.10%) for DAX. Univariate regressions for FTSE index do not show
statistically significant results. The average impact of one percentage point increase in local
quarterly ex ante volatility risk premium on aggregate European equity returns is an increase
of 1.25% (for the indexes that obtained significant VRP’s).

The positive VRP and EPVRP coefficients are intuitively correctly signed, since the
expected return should increase with the investor risk aversion. If the investors did not prefer
to be exposed to the variation in asset prices, they would require being compensated for it.
Tables 4 and 5 show the results of simple univariate OLS regressions, where one-month and
three-month logarithmic excess returns of the European indexes are explained by the
corresponding implied volatilities (IV) and realized volatilities (RV), respectively.

Examining pure volatility coefficients’ impact over European equity index returns supports
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the idea: increases in stock market volatility, as well as stock market volatility expectations
are systematically followed by decreases in index returns’. Innovations in volatility are
harmful to return-maximizing investors and should be compensated for. Ex post observable
realized volatility explains, on average, 41.78% of the variation in European equity index
returns and the sizable return-impacts are most likely due to the tight correlation between
aggregate stock market volatility and current market state, rather than due an actual
predictive power of pure volatility variable. The same notion holds for pure implied

volatility estimate.

Table 4 Linear Regression Results for Implied Volatility Variables

The table shows univariate OLS-regression results with Newey-West standard errors for one-month (21
business days) and three-month (63 business days) excess returns of the European equity indexes. These
excess returns are explained by implied volatility (1V) variables of each index. Corresponding NW-based t-
statistics are presented in parentheses.

One-month returns

Euro Stoxx 50 DAX FTSE 100 SMI
1V coefficient -1.0183 -1.0625 -0.7670 -0.9479
(-4.85)*** (-5.02)*** (-4.14)*** (-5.97)***
Constant 0.0697 0.0747 0.0440 0.0509
(5.57)*** (6.40)*** (4.93)*** (6.78)***
Adj. R Squared (%) 19.71 18.93 17.33 26.27
N 129 130 129 130
Three-month returns
1V coefficient -1.6213 -1.7715 -1.1993 -1.4487
(-8.54)*** (-6.75)*** (-6.69)*** (-9.49)***
Constant 0.1918 0.2142 0.1182 0.1326
(7.87)%** (7.24)** (6.35)*** (9.31)***
Adj. R Squared (%) 40.21 38.07 35.50 43.29
N 43 43 43 43

*p < 0.1; **p < 0.05; ***p < 0.01

The volatility risk seems to have been a consistently priced risk factor in European equity
index returns. Increases in volatility and volatility expectations are tightly related to the

European equity index excess returns, and volatility risk premium seems to provide a useful

11 The negative relationship can also be partly explained by the fact that the markets are more volatile in a
bear market and less volatile in a bull market. Appendix Table 3 illustrates the correlations between used
variables; RV and IV seem to be consistently negatively correlated with excess returns. Increases in
volatility are therefore tightly related to the downward sloping markets, as the downward trend increases the
volatility and volatility expectations. The opposite is true in upward sloping markets.
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tool to capture the linkage between this volatility risk and equity risk premium on quarterly
return periods. The predictive power of VRP variables over following equity index returns
proves to be substantially stronger for three-month return periods compared to the one-
month periods. Evidence of the positive relationship between ex post volatility risk premium
and subsequent equity index returns is evident for one-month period, but the results do not
promote the one-month ex ante volatility risk premium as a market-wide excess return

predictor.

Table 5 Linear Regression Results for Realized Volatility Variables

The table shows univariate OLS-regression results with Newey-West standard errors for one-month (21
business days) and three-month (63 business days) excess returns of the European equity indexes. These
excess returns are explained by realized volatility (RV) variables of each index. Corresponding NW-based t-
statistics are presented in parentheses.

One-month returns

Euro Stoxx 50 DAX FTSE 100 SMI
RV coefficient -0.8607 -0.8567 -0.5977 -0.7011
(-7.48)%+* (-5.03)%+* (-4.79)%** (-7.55)%**
Constant 0.0487 0.0533 0.0292 0.0309
(8.45)*** (6.82)*** (5.63)*** (6.77)**x
Adj. R Squared (%) 25.60 20.96 17.21 24.21
N 129 130 129 130
Three-month returns
RV coefficient -2.3620 -1.3542 -0.8954 -1.2241
(-8.54)%+* (-6.23)%** (-5.58)*** (-8.71y**
Constant 0.1337 0.1508 0.0780 0.0976
(6.43)*x* (7.26)%x* (5.04)*xx (7.56)***
Adj. R Squared (%) 48.79 36.16 31.23 50.93
N 43 43 43 43

*p < 0.1; **p < 0.05; ***p < 0.01

6.2 Local Evidence with Control VVariables

The impact of adding market value-based, dividend-based, and interest-based variables to
the same model with volatility risk premium variables is tested in this section. Multivariable
OLS linear regressions are conducted by using one-month and three-month logarithmic
excess returns of Euro Stoxx 50, DAX, FTSE 100 and SMI indexes as dependent variables
and option implied volatility (obtained through the MFIVIs), logarithmic dividend yield,

logarithmic P/E ratio, default spread, and term spread as independent variables. The idea
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behind these multivariate regressions is to check whether the previously obtained results for
VRP’s and EPVRP’s linkages to the equity risk premium are robust to the addition of
alternative return-predictors. Table 5 shows the results of one-month multivariate
regressions, and Table 6 provides summary of the quarterly multivariate regression results.
In all the models, the F-statistics are significant, and the independent variables do jointly

influence the dependent variable statistically significantly at 1% level.

Table 6. One-month Multivariate OLS Regression Results for VRP and Control Variables

The table presents multivariate OLS linear regression results with the Newey-West standard errors
explaining one-month logarithmic excess returns of the European equity indexes. The independent variables
are ex ante volatility risk premium (VRP), ex post volatility risk premium (EPVRP), monthly implied
volatility (1V), log-dividend yield (In(DIV)), log-price-to-earning-ratio (In(PE)), default spread (DEFT), and
term spread (TERM). Corresponding NW-based t-statistics are presented in parentheses.

One-month returns

Euro Stoxx 50 DAX FTSE 100 SMI
VRP -0.5113 -0.6245 -0.1296 -0.3579
(-2.46)** (-2.09)** (-0.64) (-1.97)
v -1.5688 -1.6693 -1.1587 -1.6951
(-4.92)*** (-5.74)*** (-4.12)*** (-4.50)***
In(DIV) 0.0396 -0.0090 -0.1173 -0.0379
(1.23) (-0.20) (-1.72)* (-1.78)*
In(PE) 0.0279 0.0391 0.01500 0.0059
(1.30) (2.81)%x* (1.66)* (0.48)*
DEFT 0.0181 0.0203 0.0312 0.0241
(1.42) (1.30) (2.85)*** (2.31)**
TERM 0.0117 0.0056 0.0079 0.0062
(2.12) (1.02) (1.39) (1.36)
Constant -0.0683 -0.0433 0.0816 0.0440
(-0.83) (-0.93) (1.29) (1.33)
Prob (F-statistic) 0.00 0.00 0.00 0.00
Adj. R Squared (%) 25.72 29.13 23.34 32.58
EPVRP 1.2543 1.2969 0.9983 0.5195
(7.06)*** (5.08)*** (4.85)*** (2.90)***
v -0.4932 -0.6979 -0.6606 -1.1235
(-1.56) (-2.05)** (-2.70)*** (-2.77)%**
In(DIV) 0.0079 -0.0540 -0.0959 -0.0254
0.32) (-1.56) (-1.89)* (-1.37)
In(PE) 0.0379 0.0209 0.0199 -0.0050
(2.39)** (1.99)** (2.97)*** (-0.40)
DEFT 0.0041 0.0153 0.0215 0.0139
(0.40) (1.44) (2.41)* (1.48)
TERM 0.0007 0.0034 0.0012 0.0029
0.17) (1.00) (0.33) 0.72)
Constant -0.1067 -0.0068 0.0360 0.0563
(-1.89)* (-0.18) 0.77) (1.44)
Prob (F-statistic) 0.00 0.00 0.00 0.00
Adj. R Squared (%) 47.36 44.17 42.94 36.88
N 130 129 129 130

*p <0.1; **p < 0.05; ***p < 0.01
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The highly-persistent traditional predictor variables, such as dividend yields and P/E-ratios,
might cause a biased adjusted R-squared values because of the overlapping features of the
three-month periods. Boudoukh et al. (2008) showed that even when the real predictive
power of the model does not increase, the R-squared values of the models with highly
persistent independent variables are roughly proportional to the prediction horizon. Three-
month horizon is not especially long time-period and therefore not likely subject to severe
overlap bias, but the results and the explanatory power of the models are interpreted with

caution.

The formerly reported results for EPVRP variables seem to be robust to the inclusion of
traditional explanatory variables. The statistically significant and sizable return impact of
ex post volatility risk premium remains after including the control variables in the
multivariate regressions. One-month EPVRP coefficients vary between 0.52 and 1.30, Euro
Stoxx 50 and DAX getting the largest impacts and SMI the smallest. The t-statistics range
from 2.90 all the way to 7.06 and are all statistically significant at the 1% level. The average
impact of one percentage point increase in EPVRP in the multivariate regressions across all
the studied European equity index one-month logarithmic excess returns is 1.00%'2. To
recall, the corresponding impact without controlled effects was 1.28%. The relatively
closely similar result indicates that the traditional variables are not able to decrease the
predictive power nor return impacts of innovations in ex post volatility risk premium in a
significant way. Hence, the local EPVRP’s results prove to be robust to the inclusion of

control variables.

The obtained results from controlled local quarterly periods are in correspondence with the
uncontrolled regressions, and the findings of positive relation between ex ante volatility risk
premium and equity risk premium remain after the inclusion of control variables. The VRP
coefficients are positive for all the indexes, Euro Stoxx 50 and SMI obtaining statistically
significant results at the 5% and DAX at the 10% level. Yet the obtained controlled VRP
coefficients decreased with respect to the uncontrolled coefficients. The average impact of
one percentage point increase in VRP in controlled regressions shows 0.75%?2 increase in
following quarterly logarithmic equity index excess returns. To recall, the corresponding

return-impact turned out to be 1.25% in univariate regressions. Adjusted R-squared values

12 The constant terms are assumed to be the same that previously captured in univariate regressions.
13 Calculated using the formerly obtained constant terms from univariate regressions.
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(for the statistically significant results) of the controlled models vary between high range of
46.92%-58.18%, and the controlled regressions show VRP coefficients to explain, on
average, 51.22% of the variation in the European index excess returns. However, the
decrease in multivariate regressions in absolute values of the coefficients indicates that the
obtained results for ex ante volatility risk premium are not fully robust to the inclusion of
control variables.

Table 7. Three-month Multivariate OLS Regression Results for VRP and Control

Variables

The table presents multivariate OLS linear regression results with the Newey-West standard errors
explaining three-month logarithmic excess returns of the European equity indexes. The independent

variables are ex ante volatility risk premium (VRP), ex post volatility risk premium (EPVRP), quarterly
implied volatility (1V), log-dividend yield (In(DIV)), log-price-to-earning-ratio (In(PE)), default spread

(DEFT), and term spread (TERM). Corresponding NW-based t-statistics are presented in parentheses.

Three-month returns

Euro Stoxx 50 DAX FTSE 100 SMI
VRP 0.7329 0.6525 0.3490 0.9170
(1,97)** (1.53)* (0.88) (2.18)**
v -1.6820 -1.6469 -1.4174 -1.8906
(-4.73)*** (-3.53)*** (-2.87)*xx (-4.05)***
In(DIV) 0.0696 0.0208 -0.1977 -0.0429
(0.92) (0.16) (-1.48) (-1.18)
In(PE) 0.0971 0.1118 0.0369 0.0492
(1.66) (3.02)** (1.75)* (1.65)
DEFT 0.0277 -0.0046 0.0486 0.0169
(-1.59) (-0.15) (1.58) (0.97)
TERM 0.0229 0.0071 0.0147 0.0177
(2.14)** (0.56) (0.82) (1.49)
Constant -0.2541 -0.1409 0.1388 -0.0055
(-1.10) (-1.36) (1.12) (-0.08)
Prob (F-statistic) 0.00 0.00 0.00 0.00
Adj. R Squared (%) 48.55 46.92 39.46 58.18
EPVRP 0.1834 -0.1816 0.2067 -0.2138
(0.40) (-0.44) 0.92) (-0.53)
v -1.7017 -1.5196 -1.3851 -1.8538
(-4.03)%x* (-3.08)%* (-2.91)*** (-4.36)***
In(DI1V) 0.0663 0.0165 -0.1937 -0.0401
(0.83) (0.12) (-1.56) (-1.26)
In(PE) 0.0953 0.1095 0.0341 0.0451
(-1.56) (2.75)*** (1.92)* (1.35)
DEFT 0.0237 -0.0140 0.0439 0.0170
(-1.22) (-0.38) (1.63) (1.35)
TERM 0.0259 0.0120 0.0157 0.0255
(2.09)** (0.83) (0.91) (1.55)
Constant -0.2261 -0.1119 0.1520 0.0063
(-0.95) (-0.98) (1.20) (0.07)
Prob (F-statistic) 0.00 0.00 0.00 0.00
Adj. R Squared (%) 45.83 45.12 39.06 51.59
N 43 43 43 43

*p < 0,1; **p < 0,05; ***p < 0,01
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The isolated local regression results provided two key findings. Firstly, one percentage point
increase in the local ex post volatility risk premium has a return-increasing impact of 1.28%
to the average logarithmic European equity index excess returns on one-month horizon.
Secondly, the local ex ante volatility risk premium showed to provide statistically
significant forecasting power over subsequent equity index returns for three out of four
studied indexes. The evidence from the robustness checks suggest that the explanatory
power of one-month ex post volatility risk premium is robust to the inclusion of control

variables.

However, the forecasting power of the quarterly ex ante volatility risk premium is slightly
more affected by the inclusion of alternative predictive variables. Although the VRP
coefficients remain consistently positive and the coefficients do not decrease dramatically,
the findings of decreases in the ex ante volatility risk premium coefficients in the
multivariate regressions show that the predictive return-impact of VRP is subject to slight
weakening when other return predictors are added in the same model. However, this does
not directly indicate that the obtained results of the predictive power of local VRPs are not
robust, since the VRP coefficients are naturally subject to deteriorating when more variables
are added in the model. The positive linkage between VRP and equity risk premium remains

evident, consistent and strong.

6.3 Global Evidence

Bollerslev et al. (2014) found that the globally weighted variance risk premium is able to
explain following equity index returns globally. The global VRP was found to be an even
more powerful predictor than the local VRPs, providing more accurate forecasts of the
future individual country returns than the own-country variables. As an alternative
approach, the global return-explaining VRP measure can also be interpreted to represent
aggregate risk aversion, a summary measure of global disagreements in expectations, or
most likely a combination of these. However, this global VRP provides strong international
return predictability over equity index returns. Out of the seven countries studied, S&P 500
index options and the U.S.-based VRP were the only ones that were able to provide better

information than the global VRP.
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Table 8. One-Month Return OLS Regression Results for SPX Variables

The table shows univariate OLS-regression results with the Newey-West standard errors for one-month (21
business days) excess returns of the European equity indexes. These excess returns are explained by the S&P
500 index volatility risk premium and skew risk premium variables. Corresponding NW-based t-statistics are
presented in parentheses.

One-month returns

STOXX Europe 600 Euro Stoxx 50 DAX FTSE 100 SMI
SPX VRP coefficient 0.4611 0.4416 0.3946 0.2802 0.3793
(L.46)* (L.42)* (1.09) (1.22) (1.94)**
Constant -0.0060 -0.0072 -0.0004 -0.0030 -0.0052
(-0.85) (-0.99) (-0.06) (-0.59) (-1.06)
Adj. R Squared (%) 2.30 1.12 0.63 0.59 2.06
SPX EPVRP coefficient 1.3763 1.5901 1.6996 1.1391 0.8377
(11.41)%** (10.12)*** (7.61)*** (11.27)%** (7.56)***
Constant -0.0162 -0.0201 -0.0152 -0.0126 -0.0102
(-5.39)*** (-5.52)*** (-3.45)*** (-4.75)*** (-3.35)***
Adj. R Squared (%) 39.62 36.93 37.65 32.47 19.66
SRP coefficient -0.0060 -0.0038 -0.0043 -0.0043 -0.0036
(-1.18) (-0.72) (-0.78) (-1.03) (-0.90)
Constant -0.0131 -0.0100 -0.0048 -0.0087 -0.0082
(-0.94) (-0.72) (-0.33) (-0.76) (-0.76)
Adj. R Squared (%) 1.10 -0.23 -0.17 0.39 0.15
EPSRP coefficient -0.0065 -0.0060 -0.0073 0.0000 -0.0048
(-1.63)* (-1.23) (-1.49)* (-0.02) (-1.26)
Constant -0.0141 -0.0145 -0.0111 0.0004 -0.0107
(-1.52) (-1.14) (-0.88) (-0.04) (-1.04)
Adj. R Squared (%) 1.28 0.44 0.87 -0.78 0.77
N 129 130 129 129 130

*p <0,1; **p < 0,05; ***p < 0,01

Table 8 shows the results of the one-month global regressions, and Table 9 provides the
results for a three-month period. Five European equity index excess returns are explained
by the S&P 500 index option-based variables. In addition to the global effect, the results

also show the return impact of skew premiums, labeled SRP and EPSRP.

The results are parallel with the local regressions in the sense that the one-month ex post
measures prove the existence of significantly compensated volatility risk that is reflected on
the monthly equity index returns. SPX EPVRP coefficients are statistically significant at the
1% level and consistently positive for all the European indexes, indicating strong positive
relationship between innovations in ex post S&P 500 volatility risk premiums and the
European equity index returns. Similarly, the constant terms for ex post regressions are
consistently slightly negative and significant at 1% level. As with the local measures, DAX

and Euro Stoxx 50 index obtain the highest coefficient values and SMI index the lowest.
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One percentage point increase in ex post S&P 500 volatility risk premium leads to 1.68%
increase in DAX’s and 1.57% increase in Euro Stoxx 50’s monthly logarithmic excess

returns, on average.

The average return-increasing-impact of one percentage increase in SPX EPVRP for all the
examined logarithmic equity index excess returns is 1.31%. To recall, the corresponding
local increase-effect displayed, on average, 1.28%. These results show that the perceived
risks are global to the extent that risks embedded in the option prices in the U.S. markets
explain European aggregate market returns. Increases in investor risk aversion that is
observed in the U.S. stock markets through S&P 500 index option prices and the derived
volatility risk premiums, prove to provide even slightly stronger impact on European equity

index returns than the local European volatility risk premiums.

Ex ante volatility risk premium measures do not provide as high coefficient values as the ex
post measures and are not consistently statistically significant. STOXX Europe 600, Euro
Stoxx 50, and SMI indexes obtain statistically significant results, but the evidence of
predictive power of SPX VRP on one-month horizon is not conclusive. This was also the
case with the local VRP variables and European equity index returns. SPX VRP variable
provides significant forecasting power over its own local one-month SPX index excess
returns but is insufficient in providing a strong prediction power globally for short one-
month periods. The role of the volatility risk premium as a local index return predictor seems

relatively weaker in Europe than in the U.S.

Skew risk premium variables get slightly negative coefficients on one-month periods, and
two out of five indexes show a sign of statistically significant results when examining the
ex post EPSRP variable. Although the skew risk premium coefficients are consistently
negative for all the indexes, the results do not allow to make conclusions of market-wide

return-impacts on monthly return horizons.

Three-month return period results from the global regression show that SPX EPVRP
variables obtain positive coefficients for all indexes, indicating a positive relationship
between S&P 500-based ex post volatility risk premium and quarterly equity index returns.
However, only two out of the five studied indexes obtain statistically significant results.
FTSE 100 and SMI indexes are the only ones capturing statistically significant relation, with
corresponding SPX EPVRP coefficients of 0.60 and 0.10. The return impacts of the
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coefficients are overall small and negligible due to the weakness of the t-statistics. S&P
500-based volatility risk premiums do not prove to provide significant or conclusive

evidence of return predictability over European equity indexes on quarterly horizons.

Surprisingly, ex ante and ex post skew risk premiums show consistent sign of negative
relation to the three-month European equity index returns. This finding is in correspondence
with the notion of Kozhan et al. (2013) who presented that skew risk premium and variance
risk premium possess similar risk exposure arising from the same underlying risk factor.
SRP coefficients as well as corresponding constant terms are consistently negative and
significant. Even though the results support the existence of negative linkage between skew
risk premium and equity risk premium that is consistently and highly significantly related
to the following European equity index returns, the return impacts are small, if not
negligible. One percentage point increase in S&P 500 based ex ante skew risk premium

leads, on average, to a merely 0.13% decrease in quarterly European equity index returns.

Table 9. Three-Month Return OLS Regression Results for SPX Variables

The table shows univariate OLS-regression results with the Newey-West standard errors for three-month (63
business days) excess returns of European equity indexes. These excess returns are explained by the volatility
risk premium and skew risk premium variables of the S&P 500 index. Corresponding NW-based t-statistics
are presented in parentheses.

Three-month returns

STOXX Europe 600 Euro Stoxx 50 DAX FTSE 100 SMI
SPX VRP coefficient -0.1590 -0.4095 -0.4011 -0.3788 0.0596
(-0.23) (-0.55) (-0.50) (-0.71) (0.11)
Constant 0.0016 0.0017 0.0202 0.0082 -0.0030
(0.06) (0.06) (0.73) (0.42) (-0.14)
Adj. R Squared (%) -2.29 -1.60 -1.77 -1.14 -2.40
SPX EPVRP coefficient 0.4031 0.3379 0.3615 0.6031 0.0970
(1.06) (1.06) (0.78) (2.28)** (0.35)**
Constant -0.0097 -0.0130 0.0052 -0.0113 -0.0039
(-0.63) (-0.78) (-0.30) (-1.06) (-0.30)
Adj. R Squared (%) 0.17 -1.14 -1.17 5.32 -2.24
SRP coefficient -0.0185 -0.0186 -0.0217 -0.0121 -0.0161
(-2.58)** (-2.66)** (-2.95)%+ (-2.18)*x* (-3.25)%*
Constant -0.1197 -0.1248 -0.1258 -0.0761 -0.1044
(-2.26)** (-2.32)** (-2.28)** (-L78)* (-2.71)*
Adj. R Squared (%) 15.98 12.64 15.11 9.53 18.69
EPSRP coefficient -0.0197 -0.0205 -0.0221 -0.0116 -0.0159
(-2.62)** (-3.05)%*+ (-3.15)%* (-1.92)* (-3.08)***
Constant -0.1270 -0.1368 -0.1284 -0.0729 -0.1034
(-2.22)** (-2.64)%* (-2.43)%* (-1.60) (-2.56)**
Adj. R Squared (%) 15.63 13.48 13.43 7.14 15.59
N 43 43 43 43 43

*p < 0,1; **p < 0,05; ***p < 0,01
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As the skew risk premiums return impacts are of low magnitude, the main focus remains on
volatility risk premium and its relation to equity risk premium. This finding of S&P 500-
based volatility risk premium’s impacts on European equity index returns is significant in
the asset pricing perspective and, on the other hand, from the point of view of experienced
cross-market risks and volatility risk as a global phenomenon. This finding is in line with
the results of Bollerslev et al. (2014), who concluded that globally weighted variance risk
premium was able to explain a significant fraction of the following equity index return in
various countries. The global VRP they used was 0.89 correlated with the S&P 500 VRP,
and the S&P 500-based VRP was found to be the only measure out of eight that provided
superior explanatory power over its own index compared to the global VRP. This implies
that the S&P 500 volatility risk premium includes major parts of the information that the
globally weighted volatility risk premium possesses and should therefore be able to predict
European index returns. This was found to be true regarding one-month returns of ex post
volatility risk premium and all of the indexes. In the ex post context, the positive relation
between volatility risk premium and equity risk premium proved conclusive and strong for

all the five examined European equity indexes in the one-month periods.

Unlike what earlier literature found to be true, evidence of superior forecasting power of
VRP over monthly excess return periods is not supported by these findings. Neither the local
nor global regression results suggest that the monthly ex ante volatility risk premium is
sufficient in exhaustively forecasting European equity index returns on one-month periods.
This could result from the insufficiency of daily observations (compared to intraday
observations) to capture true monthly realized volatility, the relatively weaker information
content of the European option markets with respect to the U.S. option markets, or a

combination of these.

6.4 Global Evidence with Control Variables

The formerly obtained results for S&P 500 based volatility risk premiums seem to hold
when tested jointly with control variables. Table 10 presents the results of one-month
multivariate regressions with S&P 500 based variables and control variables, and Table 11

shows the corresponding results of three-month regressions. Ex post S&P 500 volatility risk
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premium explains the one-month variation in European stock indexes’ excess returns
significantly at the 1% level with coefficients varying from 0.52 to 1.55. The corresponding
t-statistics range from 1.44 to 7.06 being statistically significant at the 1% level for all the

examined indexes.

The ex post S&P 500 volatility risk premium coefficients are highest for DAX (1.55) and
Euro Stoxx (1.44). One percentage point increase in SPX EPVRP increases the monthly
logarithmic excess returns of the broad European-wide index STOXX Europe 600 by
1.10%, and the average monthly return-increasing impact for the studied indexes is 1.10%
as well**. As the average uncontrolled return impact of SPX EPVRP is 1.31%, the earlier
results regarding SPX EPVRP’s explanatory power are found to be robust to the inclusion
of traditional explanatory variables. It is also noteworthy that the ex post volatility risk
premium proves to be a superior return-explanatory variable with respect to the traditional
variables. S&P 500-based volatility risk premium seems to provide robust estimate of time-

varying investor risk aversion.

Ex ante S&P 500 volatility risk premium obtains negative coefficients for all the examined
European equity indexes in the monthly and quarterly controlled regressions. As the isolated
tests did not show significant results for the predictive power of S&P 500-based ex ante
volatility risk premium, the controlled results do not provide any additional information
with respect to the forecasting power of the SPX VRPs. The forecasting power of SPX VRPs
over European equity index returns remains ambiguous. The consistently negative
coefficients are, however, in contrast with the previous literature, for example, Bollerslev et
al. (2009). As the results of SPX VRPs was found to be unclear in the uncontrolled
regression, it is not especially surprising that when the controlled variables are added in to
the models, the results do not show improvements. The relation between one-month ex ante

volatility risk premium and following equity index returns remains unsolved.

14 Average impacts calculated by using the constant terms captured in univariate regressions.
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Table 10. One-month Multivariate OLS Regression Results for S&P 500 Volatility Risk
Premiums and Control Variables

The table presents multivariate OLS linear regression results with the Newey-West standard errors
explaining one-month logarithmic excess returns of the European equity indexes. The independent variables
are the S&P 500 ex ante volatility risk premium (SPX VRP), S&P 500 ex post volatility risk premium (SPX
EPVRP), S&P 500 monthly implied volatility (SPX 1V), log-dividend yield (In(DIV)), log-price-to-earning-
ratio (In(PE)), default spread (DEFT), and term spread (TERM). Corresponding NW-based t-statistics are
presented in parentheses.

One-month returns

STOXX Europe 600 Euro Stoxx 50 DAX FTSE 100 SMI

SPX VRP -0.1362 -0.1061 -0.2200 -0.1900 -0.1198
(-0.54) (-0.39) (-0.69) (-0.76) (-0.66)

SPX IV -0.8509 -1.0112 -1.0721 -0.9379 -1.0149

(3,48 (3,05 (4,08 (3,63 (2,86

In(DIV) -0.0255 0.0277 0.0001 -0.1132 -0.0287
(-0.54) (0.86) (0.00) (-1.73)* (-1.12)

In(PE) 0.0194 0.0236 0.0232 0.0144 0.0008
(1.39) (1.08) (L67)* (L.76)* (0.07)

DEFT 0.0117 0.0090 0.0090 0.0296 0.0166
(0.92) (0.81) (0.59) (2.81)** (1.26)

TERM 0.0116 0.0089 0.0080 0.0099 0.0122

(2.47) (L.57) (1.25) (1.80)* (2.64)**

Constant -0.0174 -0.0711 0.0293 0.0704 0.0304
(-0.34) (-0.87) (-0.61) (1.17) (0.98)
Prob (F-statistic) 0.00 0.00 0.00 0.00 0.00
Adj. R Squared (%) 25.15 17.55 17.02 19.98 23.00
SPX EPVRP 1.1141 1.4370 1.5498 0.9412 0.5195

(5. 32)*** (6.44)*** (5.07)*** (7.06)*** (1.44)***

SPX IV -0.5132 -0.4132 -0.5165 -0.5628 -1.1235

(-2.45)** (1.59) (2.15)** (2.81)** (2.77y*

In(DIV) -0.0437 0.0077 -0.0526 -0.0850 -0.0254
(-1.28) (0.28) (-1.48) (-1.62) (-1.37)

In(PE) 0.0159 0.0349 0.0131 0.0155 -0.0050
(1.40) (2.07)*=* (1.25) (2.12)** (-0.39)

DEFT 0.0111 0.0049 0.0145 0.0215 0.0139
(1.30) (0.61) (1.37) (2.50)** (1.48)

TERM 0.0027 -0.0034 -0.0006 0.0014 0.0029
(0.89) (-1.00) (-0.16) (0.40) (0.71)

Constant -0.0083 -0.1088 -0.0009 0.0273 0.0563
(-0.20) (-1.73)* (-0.02) (0.61) (1.44)
Prob (F-statistic) 0.00 0.00 0.00 0.00 0.00
Adj. R Squared (%) 46.49 42.20 41.88 37.85 36.88
N 130 129 130 129 130

*p < 0.1; **p < 0.05; ***p < 0.01

The finding of skew risk premium’s predictive force over subsequent equity index returns
that was done in previous section, is not robust to the inclusion of alternative variables.
Appendix Table 5 shows the robustness check results for quarterly periods (the period that
previously showed significant results for SRP and EPSRP). For such a horizon, both ex ante
and ex post skew risk premiums clearly lose their explanatory power. Results for SMI index

are the only out of five studied indexes that are robust to the inclusion of traditional
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explanatory variables. Therefore, no convincing evidence of skew risk premiums role as a

tail risk capturing return-predictor is obtained in this examination.

Table 11. Three-month Multivariate OLS Regression Results for S&P 500 Volatility Risk
Premiums and Control Variables

The table presents multivariate OLS linear regression results with Newey-West standard errors explaining
three-month logarithmic excess returns of the European equity indexes. The independent variables are the
S&P 500 ex ante volatility risk premium (SPX VRP), S&P 500 ex post volatility risk premium (SPX
EPVRP), S&P 500 quarterly implied volatility (SPX 1V), log-dividend yield (In(DIV)), log-price-to-earning-
ratio (In(PE)), default spread (DEFT), and term spread (TERM). Corresponding NW-based t-statistics are
presented in parentheses.

Three-month returns

STOXX Europe 600 Euro Stoxx 50 DAX FTSE 100 SMI
SPX VRP -1.1846 -1.2448 -1.2704 -1.3778 -0.7284
(-3.16)*** (-2.49)** (-2.42)** (-4.33)*** (1.27)***
SPX IV -0.6786 -1.0593 -1.1081 -0.9183 -0.9267
(-1.49) (-1.42) (-1.44) (-2.89)%** (-3.48)***
In(DIV) -0.1551 0.0530 0.0753 -0.2306 -0.0457
(-1.46) (0.56) (-0.87) (-2.85)%** (-1.55)
In(PE) 0.0788 0.0588 0.0690 0.0360 0.0202
(1.68) (0.85) (-0.96) (2.04) (0.51)
DEFT 0.0098 -0.0019 0.0107 0.0400 0.0045
(0.45) (-0.06) (-0.40) (2.20)** (0.22)
TERM 0.0446 0.0408 0.0305 0.0384 0.0429
(4.60)*** (3.19)* (2.66)** (3.42)*+* (3.60)
Constant -0.0106 -0.1264 -0.2004 0.1717 0.0421
(-0.08) (-0.47) (-0.73) (L77)* (0.41)
Prob (F-statistic) 0.00 0.00 0.00 0.00 0.00
Adj. R Squared (%) 58.94 4473 46.85 53.26 44.36
SPX EPVRP -0.1985 -0.0920 -0.1937 0.2447 -0.3977
(-0.71) (-0.25) (-0.54) (1.48) (-1.88)*
SPX IV -0.7897 -1.1786 -1.3094 -1.0735 -1.0164
(-2.03)* (-1.79)*** (-2.09)** (-3.04)*** (-3.27)***
In(DIV) -0.1044 0.0783 -0.0273 -0.1418 -0.0281
(0.90) (0.89) (-0.23) (-1.29) (-0.87)
In(PE) 0.0956 0.0813 0.0960 0.0270 0.0380
(L.97)* (L.17) (2.26)** (L.70)* (1.09)
DEFT 0.0053 0.0023 0.0008 0.0326 0.0012
(0.25) (0.09) (0.02) (1.45) (0.07)
TERM 0.0332 0.0283 0.0248 0.0220 0.0430
(3.23)%+* (2.23)* (1.86)* (L72)* (2.56)**
Constant -0.1098 -0.2274 -0.1169 0.1009 -0.0202
(-0.77) (-0.87) (-0.95) (0.95) (-0.23)
Prob (F-statistic) 0.00 0.00 0.00 0.00 0.00
Adj. R Squared (%) 52.77 38.70 41.94 40.46 43.72
N 43 43 43 43 43

*n < 0,1; **p < 0,05; ***p < 0,01
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6.5 Summary of the Results

The empirical section aims to answer the research questions raised in Section 3. The main
research problem emphasizes the explanatory power of volatility risk premium on the
European equity index returns. The first research question is:

Question 1: Is the volatility risk premium able to explain subsequent equity index returns

in Europe over short periods?

The results show that the European volatility risk premium is able to explain the subsequent
equity index returns in one-month periods. The ex post observable volatility risk premium
is especially consistently, significantly, and substantially related to the European equity
index returns. On average, one percentage point increase in ex post observed volatility risk
premium leads to 0.81%-1.64% increase in monthly returns, highly significant t-statistics
of the volatility risk premium coefficients altering correspondingly from 4.05 all the way to
9.88. An increase in the volatility risk premium can potentially result from an increase in

implied volatility, decrease in realized volatility, or as a result of occurrence of both.

The largest return-impact is for the DAX index (one percentage point increase in ex post
volatility risk premium increasing the excess returns by 1.64%), the second largest — for
Euro Stoxx (1.44%), third — for FTSE 100 (1.23%), and smallest impact — for SM1 (0.81%).
The results for all of the examined indexes are significant at the 1% level. Volatility risk is
clearly priced in the aggregate equity markets, and the volatility risk premium provides
consistent explanatory power on subsequent equity index returns. An average impact of one
percentage point increase in EPVRP to the one-month European equity index logarithmic

excess returns is an increase of 1.28%.

The return impacts of innovations in local EPVRPs are surprisingly large. Just like the RV
and IV are negatively related to the equity index excess returns, EPSRP has a consistent
positive correlation with equity index excess returns (see correlation matrixes in Appendix
Table 3). As the realized- and implied volatilities cannot be conclusively interpreted to

provide strong forecasting power over equity index returns per se because of their tight
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relationship to the bear markets, so is the explanatory power of the ex post observable
volatility risk premium to be questioned to a degree. The strong explanatory power might
be due to the EPVRP’s relationship to the equity risk premium, or it can result from the
observation that realized volatilities are prone to be higher in the downward markets, and
lower in upward markets. It is likely that both of these explanations are right and that the
substantial return impact of ex post observed volatility risk premium is a joint result of the
connection of the volatility risk premium to the equity risk premium and volatility’s

connections to market trends.

Since the ex post measure does not provide forecasting value in a real decision-making
context, special interest lies on ex ante volatility risk premium. VRP does not deliver
statistically significant forecasting results for European equity index returns in one-month
periods when used individually in a regression model. However, the return-predictive power
of VRP becomes significant in quarterly periods. One percentage increase in three-month
VRP leads on average to a 1.32% increase in quarterly returns of Euro Stoxx 50 index, a
1.28% increase of quarterly SMI index returns, and 1.14% increase in quarterly returns of
the DAX index. The average return increasing impact of one percentage point increase (for
the statistically significant results) in three-month ex ante volatility risk premium is 1.25%
for logarithmic European equity index excess returns. Local VRP seems to exhibit

significant predictive power over following equity index returns when tested in isolation.

The hypothesis was that the volatility risk premium would have explanatory power over
short-term European equity index returns, and the findings support the hypothesis. The
hypothesis of the return-forecasting nature of the European volatility risk premiums is also
supported. Own-country-based volatility risk premiums explain a significant fraction of the

European equity index returns and provide predictive power for return forecasting purposes.

Question 2: Do the volatility risk premium and skew risk premium have global explanatory

power over subsequent equity index returns over the short term?

Univariate models with pure S&P 500 volatility premiums are similar to the local evidence.
The S&P 500-based ex post volatility risk premium shows that this cross-market volatility

risk premium explains a substantial fraction of the European equity index returns on one-

70



month periods. One percentage increase in one-month SPX EPVRP leads, on average, to a
0.83%-1.68% increase in monthly aggregate market returns, the SMI index getting the
lowest t-statistics (7.56) significant at 1% level and volatility risk premium coefficient of
0.84. The corresponding coefficients of other indexes are also significant at the 1% level.
One percentage point increase in the global ex post volatility risk premium increases the
STOXX Europe 600 index one-month logarithmic excess returns at 1.36% on average, and
the corresponding average impact to all of the examined European equity indexes is an

increase of 1.31%.

The results of the forecasting power of S&P 500-based ex ante volatility risk premium are
ambiguous. The results were confirmed by conducting multiple additional tests. Cutting the
observed period in shorter sub-periods, calculating quarterly returns with monthly data, or
using the actual three-month implied volatilities did not improve the results. The evidence
of the predictive power of SPX VRP over European equity indexes remains unsolved, but
the ex post measure of volatility risk premium proves the existence of positive cross-market
relation between innovations in S&P 500 volatility risk premium and European equity index

returns.

Innovations in the S&P 500 ex ante skew risk premium have a statistically significant yet a
very small impact on subsequent three-month equity index returns in Europe. One
percentage point increase in three-month SRP leads, on average, to a 0.13% decrease in
European equity index returns. This finding is parallel with the findings of Kozhan et al.
(2014), who concluded that volatility and skew risk premia arise from the same underlying
risk factor but differ in sign. Innovations in the skew risk premium seem to have a consistent
opposite impact on European equity index returns than the volatility risk premium, but the
impact is of a significantly smaller magnitude. Ex post measures of skew risk premium do
not make the impact of innovations in the skew spread significantly bigger compared to the

ex ante measures.

The hypothesis was that the U.S.-based S&P 500 volatility and skew risk premium measures
would explain a significant fraction of the short-term equity index returns in Europe. The
results show that the S&P 500 volatility risk premium is consistently positively related to
the corresponding European equity index returns and explains a non-trivial fraction of these
return. The S&P 500 skew risk premium displays a statistically significant negative relation

to the European equity index returns, but the return impacts are substantially smaller than
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those of volatility risk premium. Evidence of both priced global volatility and skew risks
are found but the explanatory nature of the global volatility risk premium is found to be

superior to the global skew measure.

So far, both of the hypotheses made are backed by the findings of this study to some extent.
Volatility risk premiums, both local and global, consistently explain a non-trivial part of the
European logarithmic excess returns. The predictive power of the VRP is strongest at
quarterly return periods, whereas the SPX VRP does not show a sign of forward-looking
predictive power. Out of the two ex ante measures, the local VRP seems to be more
consistently linked to the subsequent European equity index returns than the global SPX
VRP. The S&P 500 skew risk premium has return effects of European equity indexes, but
these impacts on aggregate returns are smaller than anticipated. The impacts of the skew
risk premium are in line with the preceding literature (Kozhan et al. 2013), but the degree
of the impacts on following returns is significantly smaller than the global volatility risk
premium’s effects. The third and last research question considers the robustness of the

captured results:

Question 3: Are the findings of the predictive power of the volatility risk premiums robust
to the inclusion of traditional explanatory variables?

The main empirical results from the local part of the study are robust to the inclusion of
traditional explanatory variables. Results from the multivariate controlled regressions
indicate that the return-impacts of local ex post volatility risk premium remain highly similar
to the isolated results when option implied volatility, logarithmic dividend yield,
logarithmic P/E ratio, default spread, and term spread are the additional independent
variables. The null hypothesis was that the obtained results will hold when these variables
are added in to the same model with ex ante and ex post volatility risk premiums. This
hypothesis was largely based on the findings of Bollerslev et al. (2009) who found that their
results of positive relationship between variance risk premium and following equity index
returns is robust to the inclusion of valuation-based, dividend-based, and interest rate-based

variables.
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The local ex ante volatility risk premium, that displayed significant forecasting power over
subsequent equity index returns on quarterly horizons when tested in isolation, showed to
remain relatively robust to the inclusion of control variables. The obtained coefficients from
the controlled regressions decreased, but the results remained consistent and statistically
significant. This finding of decrease in the ex ante volatility risk premium coefficients in
the multivariate regressions show that the predictive return-impact of VRP might be subject
to fading when other return-predictors are added in to the same model. This indicates that
the obtained results of the predictive power of local VRPs are not fully robust — even though
the positive linkage to equity risk premium is evident and strong. Therefore, the presumed
predictive power of local ex ante volatility risk premium measure should be assessed
critically since it might be prone to variation depending on the used model and its

explanatory variables.

Whereas the isolated testing showed that one percentage point increase in one-month local
ex post volatility risk premium increases the European one-month logarithmic equity index
excess returns by 1.28% on average, the corresponding return-impact turned out to be 1.00%
with the controlled effects. Similarly, return-impacts of S&P 500 ex post measure remained
sufficiently unaffected when tested for control variables. The average uncontrolled return-
impact of one percentage point increase in S&P 500 ex post volatility risk premium turned
out to be an increase of 1.31%, and with the controlled effects the corresponding impact
showed 1.10%.

Even though the empirical findings of volatility risk premiums remained robust to the
controlled effects, the S&P 500 ex ante and ex post skew risk premiums predictive power
over subsequent European equity index excess returns suffered severely when tested for
controlled effects. The obtained coefficients remained consistently negative, but the already
very small return-impacts lost their power and all of the previously statistically significant
t-statistics turned to be statistically insignificant even at the 10% level when tested in a
combined model with traditional explanatory variables. No realistic conclusions of skew

risk premiums connections to European equity index returns can therefore be made.
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7. Conclusions

This study focuses on the explanatory power of option-implicit information content on
European equity index returns. Forward-looking information in option prices has found to
be superior to the historical measures when predicting short-term returns. Equity index
option-implied volatilities exceed the realized volatilities of equivalent periods on average,
and this spread between risk-neutral and statistical expectations uncovers the volatility risk
premium. This is interpreted as a compensation for bearing volatility risk that equity holders
are exposed to. In addition, the perceptions of jump risks in asset prices are reflected in the
implied volatilities and, therefore, the volatility risk premium. Assessing the information
content in forward-looking option prices in this paper creates the foundation for equity index

return prediction.

Investors exhibit risk-aversion, meaning that extreme losses are prominently seen as more
harmful than extreme gains are appreciated. This causes the option implied skew to be more
negative on average than the realized skew. Risk-neutral return distributions are negatively
skewed and have fatter left tails than the realized return distributions. Both moment risk
premia rise from a similar risk factor and seem to be directly linked to the equity risk
premium in the widely studied U.S. markets. This motivates the study of what the
explanatory power of volatility and skew risk premium is on the subsequent excess returns

in understudied European aggregate equity markets.

DAX, Euro Stoxx 50, FTSE 100, SMI, STOXX Europe 600, and S&P 500 indexes and their
logarithmic excess returns are used to study volatility- and skew premium impacts on
European stock market returns. The V1IX-NEW, VSTOXX, VFTSE, VSMI, VIX and
SKEW model-free implied volatility indexes and the corresponding realized volatilities and
skewnesses are used to uncover the volatility and skew risk premiums. One-month and
three-month return periods are observed by building several OLS linear regression models.
Univariate and multivariate models are used in pursuit of explaining the links between
volatility risk premium and equity index returns. In addition, the S&P 500 index option
information is used to obtain the U.S.-based volatility risk premium and skew risk premium

and explaining European equity returns by these global variables.
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The results show that volatility risk premiums are able to explain a non-trivial fraction of
the equity index return in Europe and that volatility risk is systematically priced into the
European equity index returns locally and globally. The findings of the explanatory power
of volatility risk premiums over aggregate stock market returns in this study are in line with
the results reported from the U.S. markets, for example, by Bakshi and Kapadia (2003), Carr
and Wu (2008), Bollerslev et al. (2009), Bollerslev et al. (2014), and Dreschler and Yaron
(2010).

Bakshi and Kapadia (2003) studied the volatility risk premium by employing S&P 500
index option strategies and found the average volatility risk premium to be negative.
Similarly, using the S&P 500 index as a proxy for the U.S. markets, Carr and Wu (2008)
suggest that a common and stochastic variance-based risk factor exist in the equity markets
asking for highly negative risk premium. The negative sign of variance premium means that
variance buyers are willing to accept negative-on-average returns to hedge for the volatility
risk. As the volatility risk premium, on average, showed to be positive in this study for all
of the studied indexes, the findings are consistent with Bakshi and Kapadia (2003) and Carr
and Wu (2008). Volatility selling over European equity indexes has, on average, been
consistently profitable over the studied period, whereas buying volatility has cost the

volatility risk premium.

The results of this study show that this negative premium is related to the equity risk
premium and explains relatively large portions of European equity index excess returns.
Bollerslev et al. (2009) concluded that the S&P 500 index returns were predictable in the
short term by the difference between model-free implied variance obtained from the squared
VIX-index and realized variance. Their findings turned out to be extremely robust to the
inclusion of more traditional variables. European equity index returns are consistently
related to the ex post volatility risk premium so that one percentage point increase in EPVRP
has resulted in increase in the one-month logarithmic equity index excess return of 1.28%,
on average. Evidence of the forecasting power of ex ante volatility risk premium was not
found to be at the same extent as Bollerslev et al. (2009) and Dreschler and Yaron (2010)
have documented in the U.S. markets, but evidence of local ex ante volatility risk premium’s
predictive power on quarterly horizons proved to be somewhat strong. One percentage point
increase in three-month ex ante volatility risk premium leads, on average, to 1.25% increase

in subsequent quarterly European equity index excess returns.
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The S&P 500-based ex ante volatility risk premiums did not provide significant forecasting
power over subsequent European equity index excess returns with the examined data set.
However, the S&P 500 based ex post volatility risk premium was found to be tightly related
to the European-based equity risk premium. This finding supports the results of Bollerslev
etal. (2014), who found that a globally weighted volatility risk premium was able to provide
significant explanatory power over smaller countries and was a superior measure compared
to the own-country-based volatility risk premiums for most of the studied countries in short-
term periods. Out of eight different markets, the S&P 500 volatility risk premium was the
only measure that performed better than globally weighted VRP.

According to the findings of this study, one percentage point increase in the ex post S&P
500 volatility risk premium leads, on average, to a 1.31% increase in one-month logarithmic
excess returns in European stock index returns when tested in isolation. The S&P 500 based
measure of the ex post volatility risk premium provides slightly stronger and more robust
explanatory power on European equity index returns than the local measures. These results
of globally relevant volatility risks and the cross-market pricing impacts are significant in
the point of view of asset pricing and support the previously presented findings of Bollerslev
etal. (2014).

Kozhan et al. (2014) concluded that variance swaps and skew swaps create a similar kind
of risk exposure, and excess return from buying skew swaps and hedging the remaining
variance risk by buying variance swaps is close to zero. Because the volatility risk premium
and the skew risk premium represent the same underlying risk factor and investor risk
aversion, the skew risk premium should explain following equity index returns similarly to
the volatility risk premium, and they should provide similar information about the perceived

risks creating opposite impacts to the equivalent aggregate returns.

The impact is indeed found to be opposite, yet the magnitude of the S&P 500-based
volatility risk premium’s impact on European equity index returns is greatly larger than the
impact of the S&P 500-based skew risk premium. The hypothesis is backed to the extent,
that the higher volatility risk premium leads to higher returns, and the opposite holds for the
skew risk premium. The examined cross-market volatility risk premium proves to be a
superior equity index return predictor to the cross-market skew risk premium in the
European stock markets. The isolated test results for the skew risk premium are not found

to be robust in the tests. The built theoretical framework combined with the obtained results
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indicate that evidently some tail risk occurrence is priced into equity index options, but the
used measures do not allow to specify what fraction of the volatility risk premium is driven

by these jump fears.

Therefore, to better understand what is driving the positive relation between the volatility
risk premium and expected equity index returns, it might be fruitful to elaborate this study
and examine European equity market’s exposure to jump risks. For example, Bollerslev and
Todorov (2011) show that compensation for such rare events accounts for a significant
fraction of both the equity risk premium and the volatility risk premium. Focusing on the
tail risk by forming a specific and more robust tail risk measure and examining this
phenomenon further, would enrich the information from the European equity index markets
provided in this study by showing what parts of the volatility risk premium are due to the
fears of extreme events and what part of it is due to the required compensation for stochastic

volatility expectations.

This study contributes to the existing literature in two ways. Firstly, the finding of the
positive relationship between the volatility risk premium and European equity index excess
returns is significant, since this is the first time the phenomenon is addressed in a wide
aggregate market level in the European stock markets. The results of this study are in
agreement with the previous findings from the U.S. markets and complement the
information of current volatility risk premium studies. Investors demand compensation for
bearing volatility risk, and a part of equity risk premium can be explained by this risk-
aversion-related information implicit in option prices. The local European forward-looking
volatility risk premium provides forecasting power on subsequent quarterly logarithmic

equity index excess returns.

Secondly, the finding of globally priced volatility and skewness preferences is important in
an attempt to understand what risks are compensated in equity index returns, how these
returns should be assessed, and how the risks are priced across market places. Experienced
risks in aggregate stock market volatility and skewness of the S&P 500 index seem to be
important in Europe as well. Especially the risk-neutral implied volatility, that is captured
by the S&P 500 index options and further by the VIX index, provides a useful tool when
assessing the risks embedded globally in the equity markets. Risk aversion captured by the

S&P 500-based volatility risk premium exhibits a substantial return-explanatory power
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across market places and displays as a valuable measure for the attempt to understand the

risks that are relevant in the aggregate European equity markets.
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Appendix
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Appendix Figure 1. DAX index One-Month Ex Ante and Ex Post Volatility Risk Premiums.
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FTSE One-month VRP
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Appendix Figure 2. FTSE 100 index One-Month Ex Ante and Ex Post Volatility Risk
Premiums.
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SMI One-month VRP
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Appendix Figure 3. SMI index One-Month Ex Ante and Ex Post Volatility Risk Premiums.
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SPX One-month VRP
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Appendix Figure 4. S&P 500 index One-Month Ex Ante and Ex Post Volatility Risk
Premiums.
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Appendix Table 1. Descriptive Statistics of One-Month Excess Returns of the Equity
Indexes.

The table shows one-month logarithmic excess returns of the risk-free rates for all the used equity indexes.
The risk-free rates used in excess return calculations are three-month Euribor for Euro Stoxx 50, DAX, FTSE
100, SMI, and STOXX Europe 600 and three-month Libor for S&P 500. All the presented returns are
logarithmic returns.

Euro Stoxx 50 DAX FTSE 100 sMI STOXX Europe 600 S&P 500
Mean -0.001837 0.004397 0.000475 -0.000566 -0.00035 0.003647
Median 0.005037 0.012246 0.006023 0.005383 0.008328 0.008333
Maximum 0.135916 0.153838 0.080398 0.095632 0.125243 0.101949
Minimum -0.162803 -0.214371 -0.143831 -0.121759 -0.146255 -0.188121
Standard Deviation 0.052744 0.055848 0.040235 0.037745 0.044108 0.043425
Skewness -0.599381 -0.830805 -0.659834 -0.525199 -0.690271 -0.987473
Kurtosis 3.63626 4.978845 3.855028 3.468004 4.325541 5511011
N 130 130 130 130 130 130

Appendix Table 2. Augmented Dickey-Fuller unit-root test results for the dependent
variables.

This table presents the results of Augmented Dickey-Fuller unit-root tests for monthly logarithmic excess
returns of the European equity indexes. The appropriate lag length selection is based on AIC, and the number
of maximum lags included was set to 12.

ESTOXX DAX FTSE STOXX SMI
Level Data

t-statistics, no intercept nor trend -4.32 -4.75 -4.34 -4.06 -9.31
Critical Value, 1% level -2.58 -2.58 -2.58 -2.58 -2.58
t-statistics with intercept -4.32 -4.77 -4.32 -4.04 -9.28
Critical Value, 1% level -3.48 -3.48 -3.48 -3.48 -3.48
t-statistics with intercept and trend -4.60 -5.09 -4.48 -5.40 -9.53
Critical Value, 1% level -4.03 -4.03 -4.03 -4.03 -4.03

Lags 3 5 3 3 0

1st Difference Data

t-statistics, no intercept nor trend -6.50 -6.84 -9.97 -6.36 -7.17
Critical Value, 1% level -2.58 -2.58 -2.58 -2.58 -2.58
t-statistics with intercept -6.47 -6.81 -9.93 -6.33 -7.14
Critical Value, 1% level -3.49 -3.49 -3.48 -3.49 -3.48
t-statistics with intercept and trend -6.45 -6.78 -9.89 -6.31 -7.11
Critical Value, 1% level -4.04 -4.04 -4.03 -4.04 -4.03

Lags 7 7 3 7 6
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Appendix Table 3. Correlation Matrixes for the Used One-month Dependent and
Independent Variables.

This table provides a summary of the correlations between the one-month dependent variables and
independent variables used. Correlations of one-month logarithmic excess returns of the indexes (7, — 7¢),
the volatility risk premiums, realized volatility, and the control variables are presented.

ESTOXX  Tmt —Tr VRP EPVRP v RV In(DIV) In(PE) DEFT TERM  SPXVRP SPXEPVRP  SRP EPSRP
Tmt — T 1
VRP 0.0049 1
EPVRP 0.6403 0.1592 1
v -0.4498 -0.2027 -0.3404 1
RV -0.5109 -0.2302 -0.6419 0.8730 1
In(DIV) -0.1886 -0.0254 -0.0296 0.6104 0.4662 1
In(PE) 0.3508 0.1061 0.1283 -0.5667 -0.4795 -0.5312 1
DEFT -0.2979 -0.1829 -0.1614 0.8310 0.7285 0.6375 -0.5324 1
TERM 0.1975 0.3099 0.2298 -0.1082 -0.2432 -0.0403 0.2464 -0.1946 1
SPXVRP  0.1403 0.7203 0.2866 -0.2535 -0.3127 -0.0832 0.1397 -0.2737 0.4128 1
SPXEPVRP 06117 0.1577 0.8054 -0.3029 -0.5363 -0.0761 0.1841 -0.2411 0.3576 0.3370 1
SRP -0.0680 -0.0346 -0.0670 0.1951 0.1904 0.1433 -0.3254 0.1011 -0.0580 -0.0661 -0.0640 1
EPSRP -0.1064 0.0289 -0.0742 0.1853 0.1683 0.1609 -0.3339 0.1151 -0.0376 0.0344 -0.0561 0.4294 1
DAX Tmt — 17 VRP EPVRP IV RV In(DIV) In(PE) DEFT TERM _ SPXVRP _SPXEPVRP _ SRP EPSRP
Tme = Ty 1
VRP 0.0104 1
EPVRP 0.6189 0.1186 1
\% -0.4715 -0.2247 -0.4048 1
RV -0.5052 -0.2343 -0.6260 0.9131 1
In(DIV) -0.2582 -0.0700 -0.0800 0.7203 0.6111 1
In(PE) 0.2542 0.2046 0.2317 -0.0479 -0.1063 0.0476 1
DEFT -0.3039 -0.1920 -0.1992 0.8232 0.7514 0.8372 -0.0412 1
TERM 0.2067 0.2853 0.2309 -0.1857 -0.2615 0.1123 0.4107 -0.1910 1
SPXVRP  0,0891 0.7438 0.2950 -0.3480 -0.3884 -0.1017 0.2322 -0.2824 0.4351 1
SPXEPVRP  0.6066 0.1403 0.8331 -0.3728 -0.5367 -0.0802 0.2818 -0.2495 0.3749 0.3148 1
SRP -0.0924 0.0107 -0.1000 0.2165 0.2129 0.1640 -0.0832 0.1150 -0.0501 -0.0814 -0.0803 1
EPSRP -0.1478 -0.0005 -0.0727 0.1820 0.1509 0.1817 -0.0304 0.1235 -0.0293 0.0150 -0.0763 0.4351 1
FTSE Tmt — Ty VRP EPVRP [\ RV In(DIV) In(PE) DEFT TERM __ SPXVRP _SPXEPVRP _ SRP EPSRP
Tmt — Ty 1
VRP 0.0536 1
EPVRP 0.5957 0.2464 1
v -0.4184 -0.1642 -0.3050 1
RV -0.4227 -0.2526 -0.5870 0.8855 1
In(DIV) -0.2577 -0.1223 -0.1736 0.5330 0.5304 1
In(PE) 0.2176 -0.0233 0.0305 -0.5179 -0.4005 -0.0489 1
DEFT -0.2544 -0.1738 -0.1597 0.8172 0.7457 0.7620 -0.4398 1
TERM 0.2486 0.3949 0.3332 -0.2294 -0.3780 -0.2071 0.0166 -0.2002 1
SPXVRP 01231 0.8321 0.3143 -0.2741 -0.3590 -0.2549 0.0636 -0.2744 0.4135 1
SPXEPVRP 05636 0.2650 0.8674 -0.3240 -0.5756 -0.2380 0.1054 -0.2417 0.3956 0.3470 1
SRP -0.0925 0.0209 -0.0393 0.2946 0.2687 -0.0018 -0.3140 0.1001 -0.0725 -0.0690 -0.0519 1
EPSRP -0.0104 0.0754 -0.0499 0.3271 0.2588 -0.0641 -0.3332 0.1170 -0.0234 0.0374 -0.0716 0.4395 1
SMI Tmt — Ty VRP EPVRP IV RV In(DIV) In(PE) DEFT TERM _ SPXVRP SPXEPVRP _ SRP EPSRP
Tmt — Ty 1
VRP 0.0033 1
EPVRP 0.4680 0.0898 1
\% -0.5182 -0.1050 -0.2920 1
RV -0.4980 -0.1617 -0.6625 0.8561 1
In(DIV) -0.0531 0.0067 0.0471 0.0910 0.0676 1
In(PE) -0.1471 0.1937 0.2002 0.4682 0.2341 0.1116 1
DEFT -0.3141 -0.0117 -0.0168 0.8267 0.6215 0.3946 0.5647 1
TERM 0.2723 0.3143 0.2134 -0.3215 -0.3634 0.0610 -0.1676 -0.1946 1
SPXVRP  0.1682 0.6906 0.1820 -0.3771 -0.3642 -0.0266 -0.1076 -0.2737 0.4128 1
SPXEPVRP  0.4502 0.1711 0.7883 -0.4525 -0.6692 0.0297 -0.0094 -0.2411 0.3576 0.3370 1
SRP -0.0933 0.0572 -0.0584 0.2449 0.2326 -0.3326 0.0671 0.1011 -0.0580 -0.0661 -0.0640 1
EPSRP -0.1221 0.0547 -0.0055 0.2461 0.1668 -0.4091 0.1159 0.1151 -0.0376 0.0344 -0.0561 0.4294 1

84



Appendix Table 4. S&P 500 index Return Regressions.

The table shows univariate OLS-regression results with the Newey-West standard errors for one-month (21
business days) excess returns of the S&P 500 equity indexes for comparison purposes. These excess returns
are explained by the volatility risk premium and skew risk premium variables of the S&P 500 indexes.
Corresponding t-statistics are presented in parentheses.

One-month returns

S&P 500 S&P 500

SPX VRP coefficient 0.8480 SRP coefficient -0.0025
(3.28)*** (-0.57)

Constant -0.0067 Constant -0.0016
(-1.15) (-0.13)

Adj. R Squared (%) 9.96 Adj. R Squared (%) -0.4567
SPX EPVRP coefficient 1.3743 EPSRP coefficient -0.0051
(12.25)*** (-1.19)

Constant -0.0122 Constant -0.0073
(-4.27)*** (-0.62)

Adj. R Squared (%) 40.77 Adj. R Squared (%) 0.4796

N 129 N 129

*p < 0.1; **p < 0.05; ***p < 0.01

Appendix Table 5. Three-month Multivariate OLS Regression Results for S&P 500
Skew Risk Premiums and Control Variables.

The table presents multivariate OLS linear regression results with the Newey-West standard errors
explaining three-month logarithmic excess returns of the European equity indexes. The independent
variables are the S&P 500 ex ante skew risk premium (SRP), S&P 500 ex post skew risk premium (EPSRP),
S&P 500 quarterly implied skewness (1S), log-dividend yield (In(D1V)), log-price-to-earning-ratio (In(PE)),
default spread (DEFT), and term spread (TERM). Corresponding NW-based t-statistics are presented in
parentheses.

Three-month returns

STOXX Europe 600 Euro Stoxx 50 DAX FTSE 100 SMI
SRP -0.0080 -0.0048 -0.0109 -0.0045 -0.0123
(-1.36) (-0.68) (-1.23) (-0.95) (-2.88)%*
IS 0.0046 0.0056 0.0037 -0.0019 0.0001
0.79) 0.75) (0.49) (-0.37) (0.03)
In(DIV) -0.1437 0.0754 -0.0844 -0.1737 -0.0586
(-1.34) (0.89) (0.67) (-1.55) (-1.15)
In(PE) 0.1136 0.1617 0.1065 0.0429 0.0299
(2.82)%+* (2.01)* (2.92)%*+ (2.20)** (0.83)
DEFT -0.0212 -0.0351 -0.0384 0.0003 -0.0277
(-1.21) (-2.59)** (-1.52) (0.02) (1.63)
TERM 0.0264 0.0215 0.0194 0.0202 0.0316
(2.59)** @m* (1.65) (127 (2.16)**
Constant -0.1321 -0.4393 -0.1426 0.0497 -0.0560
(-1.26) (-L.74y* (-1.57) (051) (-0.66)
Prob (F-statistic) 0.00 0.00 0.00 0.00 0.00
Adj. R Squared (%) 49.24 32.33 34.44 26.28 37.01
EPSRP -0.0056 -0.0021 -0.0065 0.0007 -0.0099
(-1.07) (-0.26) (-0.78) (0.13) (-2.30)
IS 0.003 0.004 0.001 -0.005 -0.001
(057) (059) 0.12) (-0.93) (-0.32)
In(DIV) -0.1357 0.0743 -0.0741 -0.1530 -0.0510
(1.22) (0.85) (057) (-1.26) (-0.98)
In(PE) 0.1158 0.1657 0.1103 0.0438 0.0327
(2.82)%+* (1.93)* (3.01)** (2.14y** (0.89)
DEFT -0.0225 -0.0346 -0.0411 -0.0028 -0.0292
(-1.24) (-2.66)** (-1.59) (-0.16) (-1.66)
TERM 0.0261 0.0214 0.0181 0.0203 0.0318
(254 (L.72)* (1.49) (.27 (2.13)*
Constant -0.1395 -0.4425 -0.1479 0.0431 -0.0632
(-1.31) (-1.68) (-1.62) (0.42) (-0.74)
Prob (F-statistic) 0.00 0.00 0.00 0.00 0.00
Adj. R Squared (%) 48.29 31.93 32.95 25.54 34.27

*p <0,1; **p < 0,05; ***p < 0,01
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