Variance Swaps, Non-normality and M acr oeconomic and

Financial Risks

Belén Nieto
University of Alicante, Spain

Alfonso Novales
University Complutense, Spain

Gonzalo Rubio
University CEU Cardenal Herrera, Spain

This version: Septembe013

Keywords: variance risk premium, non-normality, momic risks, hedging.
JEL classification: C13, C14, G10, G12

The authors acknowledge financial support from Migistry of Science and Innovation through grant
EC02011-29751 [Belén Nietobélen.nieto@ua.€s) and from the Ministry of Economics and
Competitiveness through grants EC02012-31941 [AlforNovales gnovales@ccee.ucm.gsand
EC02012-34268 [Gonzalo Rubigdnzalo.rubio@uch.ceu)@sThe authors also acknowledge financial
support fromGeneralitat Valenciangrant PROMETEOII/2013/015. They thank seminaripignts at
the University CEU Cardenal Herrera, Universityaul of Castellén, University of Zaragoza, thé"33
Meeting of the European Accounting Association,83@éNFINITI Conference on International Finance,
and the XVII Foro de Finanzas, IESE. We are espigcgrateful for the constructive and helpful
comments of Juan Angel Lafuente and Enrique Sentheaeditor, and two anonymous referees that
substantially improved the contents of the papeg.asdsume full responsibility for any remaining esro




Variance Swaps, Non-normality and M acr oeconomic and

Financial Risks

Abstract

This paper studies the determinants of the variaiste premium and discusses the
hedging possibilities offered by variance swaps. 3t by showing that the variance
risk premium responds to changes in higher ordenemis of the distribution of market
returns. But the uncertainty that determines theamae risk premium —the fear by
investors to deviations from Normality in returms-also strongly related to a variety of
macroeconomic and financial risks associated widfaut, employment growth,
consumption growth, stock market and market illijyi risks. We conclude that the
variance risk premium reflects the market willingaeo pay for hedging against these
financial and macroeconomic sources of risk. Anaftdample asset allocation exercise
shows that the inclusion of the variance swap reslilbe modified Value-at-Risk with

respect to a portfolio holding exclusively the égumarket portfolio.



1. Introduction

Why is the variance risk premiurVRP hereafter) reported to be negative, on average,
for all available horizons? Since the payoff ofai&nce swap contract is the difference
between the realized variance and the variance saf#) negative returns to long
positions on variance swap contracts for all tinmeizons mean that investors are
willing to accept negative returns for purchasireglized variancé. Equivalently,
investors who are sellers of variance and are ginogiinsurance to the market, require
substantial positive returns. This may be ratiormhce the correlation between
volatility shocks and market returns is known tesbrengly negative and investors want
protection against stock market crashes. Howews, ibtuition does not explain the
large average negative variance risk premium olkseat all horizons. In order to be
more precise about our understanding of the negatiagnitude of the variance risk

premium, this paper identifies the main aggregatesithat variance swaps may hedge.

We formally investigate the hedging ability of \aarce swaps against a variety
of financial and macroeconomic risks. The firsttcdaution of this paper is to show that
going long in a variance swap allows the investonédge not only equity market risk,
but also default risk, aggregate consumption rekg market-wide illiquidity risk.
Additionally, this hedging ability depends on tm¥estment horizon. It is important to
notice that our objective is not to perform a hai@ee among available instruments to
check whether the variance swap is more effectiveavering business cycle and

financial risks than potential competitors. Speailiy, we do not compare the variance

! In this paper, we analyze the variance swap conta the S&P500, and not stock variance swaps on
individual assets. A variance swap is an OTC @grre contract in which two parties agree to bugealt

the realized volatility of an index or single stamk a future date. Whenever we mention a varianeg s

or a variance risk premium, we refer to just vat@swaps on the equity market portfolio. For eroplri
evidence about the negative variance risk preminrthe S&P500 index, see Carr and Wu (2009) and the
papers cited in their work.



swap with default-based derivatives, individuali@ace swaps or with VIX call and put
options. These alternative instruments may be ptay similar role than variance
swaps. This paper focuses on analyzing the risksttie variance swaps actually hedge
in order to understand better the large negativéanee risk premium reported in

literature.

The aim of the second part of the paper is to wtded why variance swaps are
able to hedge risks embedded in variables other #dumuity market returns. For this
purpose we follow the model proposed by Chabi-Y®1@) that theoretically
determines the variance risk premium in terms ajhér order moments of the
conditional return distribution over and above tinean and variance of the stock
market portfolio. Our estimates of that model irdéc that, for maturities up to 6
months, the VRP is mainly determined by kurtos@. the 12-month horizon, investors
also fear that skewness contributes to the distbatteeen the physical and risk-neutral
volatilities. In addition, we also analyze the tela between these higher moments of
equity returns and standard macroeconomic anddiabwariables measuring aggregate
risks. Our results suggest that kurtosis, charaatgr the market portfolio return, is
positively and significantly related to the timaise behaviour of the dividend-price
ratio, default risk, aggregate consumption growatig market-wide illiquidity risk. This
finding may explain the ability of the variance pMar hedging the risk associated to
these financial and macroeconomic risk factors. ialthlly, the capacity of the
variance swap for hedging against market risk ldta@izons, the price-dividend risk at
the one-month horizon, and default risk at the Gyidorizon may also be associated

with the relation between these variables and kbe/sess of returns.



Since our analysis suggests that variance swapsbea&ffective in covering the
risk of extreme bust events in returns, we finallestigate the benefits of adding to the
equity market portfolio a long position in the \&arce swap. We find that the modified

Value-at-Risk of the portfolio decreases due toiticiusion of the volatility exposure.

This paper is organized as follows. Section 2 lyridéscribes the variance swap
contract and defines the variance risk premiumJev8ection 3 contains a description
of the data. The hedging ability of the variancek rpremium against a variety of
financial and economic risks is reported in Secdohe determinants of the variance
risk premium and their relationship to several ficial and economic risks are
discussed in Section 5. Section 6 provides two strimss tests. The first one considers
estimating realized variance using daily returragher than intra-daily returns. The
second one employs an extended sample period.oBettianalyzes the benefits of
including an exposure to variance into an equitytfpbo and, finally, Section 8

concludes with a summary of our findings.

2. Variance Swap Contracts and the Variance Risk Premium

A variance swap is an over-the-counter financiatriiment that pays the difference
between a standard estimate of the realized vaiahthe return on a given asset and
the fixed variance swap rate. One leg of the vagaswap pays an amount based upon

the realized variance of daily log returns overltfeeof the contractR; 1+, , computed
with the commonly used closing price of the undagyasset. The other leg of the swap
pays a fixed amount, the strike or variance swdp,$dV;,,, quoted at the deal's

inception. Thus the net payoff to the counterparigethe difference between these two

values. It is settled in cash at the expiratiothefdeal, though some cash payments are



likely to be made along the way by one or the ottmemterparty to maintain an agreed

upon margin. The payoff of a variance swap withungt att + 7 is therefore given by,
Nvar(RVt,t+r _SW,I+T)’ )(1

where N, 5 denotes variance notional.

Since variance swaps cost zero at entry, for ndgrage opportunities to exist
the variance swap rate must be equal to the risk-gdeexpected value of the realized

variance,
SWisr = EtQ(R\'{,HT)' 2)

where EQ() is the timet conditional expectation operator under some risktral

measurd). The variance risk premium at perio then defined as,
VRP,,, = E( RV, )~ SW.. (3)

where EtP(.) is the timet conditional expectation operator under the physica

probability measur®. If investors price variance risk, the varianceypwate will differ
from the expected realized variance uridat the corresponding horizon, the difference

being the variance risk premium.
3. Data and Descriptive Statistics

In this paper we analyze variance swap contractshenS&P 500 index for five
alternative horizonsr =1, 2, 3, 6, and 12 months. The midpoint of bid askl quotes

at the closing of the day for variance swap ratemfJanuary 4, 1996 to January 31,



2007 were obtained from the Bank of Ameridale get monthly data by using the mid-

quotes on the last day of each mohth.

Our estimation of realized variance uses intraydegturns on the S&P 500
index observed at 30-minute intervals, from 9 am3 p.m?, Central Standard Time
zone, with data provided by the Institute of FinahMarkets. For each monthn our
sample, we compute the realized variance for eaatunty 7 of a variance swap

contract ¢ =1, 2, 3, 6, and 12 months). L&, ; be the S&P500 log-return over the 30-

minute interval betweet#j-1 andt+j, and let N” be the number of 30-minute periods

in the interval {(t + 7 ).> Then, realized variance fronto t + 7 is estimated as:

RV, :%Ni( Ri-R) (4)

j=1

where Rﬂ is the average return over the 30-minute periodthe interval front to

t + r . By dividing the sum of squared deviations bythe realized variance is given on

a monthly basis independently of the horizon.

For each month and each maturity, we estimate the variance risk premium,

VRP,as the difference between the realized variandeta swap rate,

VRP,,, =RV,,, - SW,,, . (5)

tt+r

% The availability of these data allows us to avitid relatively complex calculations and large detss
needed to replicate the swap rates using callpatslon the S&P500 index. See, among others, @drr a
Wu (2009) for details of the estimation.

® It is usually accepted that the mid-quote is adympresentative proxy of the fundamental valughef
asset, which explains why is widely employed iarkitture. Regarding the transformation of the vagan
swap rates from daily data to a monthly frequeraample, we also consider the average rate oveagd d
within each month. It turns out that the charasta&rs of both series are practically the same.

* There is a relatively large literature covering thigh-frequency variance computation. A recent
example discussing the estimation of the variame premium using high-frequency techniques is the
paper by Bollerslev et al. (2010).

®> Depending on the specific month and horizdi, takes different values. On averagdé’ is 270 for
r =1 and 3244 forr =12.



Clearly, the variance risk premium is only known tahe t+ 7, since the

realized variance is only observed at the end@tthap contract.

Figure 1 displays variance swap rates and reakazednces for 1-, 3- and 6-
month maturities. As expected, the swap rate ist ofbsn above the level of realized
variance, especially for longer maturities. Thiglence is similar to that shown by Carr
and Wu (2009) for stock market indices and, tosade extent, for individual stocRst
is clear that investors are willing to accept ansigantly negative return to long
variance swaps on the S&P index in exchange fonghdiedged against future
unexpected volatility shocks. Therefore, shortiragiance swap contracts in the S&P
index generates positive average excess returnegdaur sample period, since the
variance risk premium can be seen as the retutmotting the variance swap contract.
Panel A of Table 1 reports descriptive statisticthe VRP calculated from equation (5)
for alternative maturities. The variance risk premiis always negative on average, and
it becomes more negative with maturity. Panel BTable 1 reports the correlation
coefficients between the variance risk premia at amo different maturities. The
correlation between variance risk premia at adjaogaturities is high, but it weakens
for distant maturities. This suggests the existafaaore than one factor explaining the

term structure of the variance risk premifim.

We obtain nominal consumption expenditures on nmattla goods and services
from NIPA Table 2.8.5. Population data is takenmfrdlIPA Table 2.6, and the price

deflator is computed using prices from NIPA Tabl8.2 with basis on year 2000. All

® Driessen et al. (2009) and Vilkov (2008) show ttfa variance risk premium for stock indices is
systematically larger, i.e., more negative, thanifidividual securities. They argue that the vac@nisk
premium can in fact be interpreted as the pricinaé-varying correlation risk.

" This is consistent with the formal analysis comedi in Egloff et al. (2010) and Amengual (2009)e¥h
show that two factors are needed to capture the structure variation of the variance swap ratde T
first factor controls the instantaneous variande raariation, while the second represents the lével
which the variance reverts. Todorov (2009) allomsloth stochastic volatility and jumps to be refizl

in the variance risk premium.



this information is used to construct monthly sea#ly adjusted real per capita
consumption expenditures on nondurable goods amdces. Seasonally adjusted
monthly data on the number of employees is obtaiftech the Bureau of Labor

Statistics.

Stock market data is taken from Kenneth French’'ls page. Monthly data on
value-weighted stock market portfolio returri®,) and the risk-free rateR{) were
deflated using the consumption price deflator. Ii¢e aollect the size and value Fama-
French risk factorsSMBandHML). Price-dividend ratio in logPP) is computed from
the original series in Robert Shiller's web pagedifionally, yields for the 10-year
Government Bond, the 1-month T-Bill, and the Moalaa Corporate Bond have

been obtained from the Federal Reserve StatiRiekdase.

We compute three state variables based on inteatet. RSTATEIs the risk-
free rate after having subtracted its average thesfast twelve months as a measure of
trend. This de-trended variable can be interpratethe unexpected shock in the risk-
free interest rateTERMis a term structure slope, computed as the diffexrdetween
the 10-year Government Bond and 1-month T-Bill déeland DEFAULT is the
difference between Moody’s yield on Baa Corporatend® and the 10-year

Government Bond vyield.

Finally, we also use a market-wide illiquidity iedior based on the aggregate
illiquidity measure proposed by Amihud (20023s the ratio of the absolute daily return

over the dollar volume for a given stock, whicltlgsely related to the notion of price

® The main advantage of Amihud’s illiquidity ratie that it can be easily computed using daily data
during long periods of time. Moreover, HasbroucBq®) shows that, at least for US data, Amihud’i® rat
better approximates Kyle's lambda relative to camgemeasures of illiquidity.



Ral
DVol

impact, lllig; , = , where‘Rvd‘ is the absolute return andVol , is the dollar

volume of assett on dayd, respectively. This measure is averaged monthtlyaamoss

all N available stocks to obtain the market-wide illigtyaneasure for each month

lig :%iLDi%nnq i,d), )

i=1 1t d=1
where D, is the number of days for which there is datatonks in montht.’

We compute monthly series of cumulative returnsesponding to the five
maturity intervals of the variance swap for the keamreturn, the three Fama-French
factors, andRSTATE We also compute monthly series of cumulative ghorates for
aggregate non-durable consumption and the numbempfoyees for the five maturity
intervals. As in the case of the risk free rate, ttlevant information content ®ERM
DEFAULT,PD or lllig m relies on their unexpected components. Therefeeecompute

innovations corresponding to the five maturity mtds as the residual in the regression:

T

X :a0+a1>(t+£tx

470

X = PD, TERM DEFAULT lllig, andr = 1,2,3,6,1 (7)

t+1

With this specification, the idea is to pick upetisurprises on these state

variables during the life of the swap, frdro t + 7 .*°

° We use daily data from CSRP on all individual kwith at least 15 observations for the ratio isith
the considered month, except for September 200&nwie just required 12 observations.

2 To have numerical values closely resembling rétetorn units, the residuals of the illiquidity aeire
are standardized by dividing by ten times their glanstandard deviation and adding one. See Mareguez
al. (2013) for further details.
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4. Hedging Perfor mance of the Variance Risk Premium against Economic Risks

The variance swaps offer hedging against the negatijuity returns occurred during
recession periods because these bust times aractdvized by high volatility.

Therefore, variance swap rates contain risk newxglectations about future market
conditions. Several papers link the variance ris&nmpum to future stock market
behavior. Bollerslev et al. (2010) show that theiarece risk premium is a strong
predictor of stock market returns at short horizavieto and Rubio (2011) also show
the predicting ability of the variance risk premiwanthe shortest horizon analyzed in
their paper, although this forecasting capacityagi®ars at long horizons. Finally,
Drechsler and Yaron (2011), and Zhou (2009) ratinedhe statistical predictive power
of the variance risk premium within the long—ruskrimodel of Bansal and Yaron
(2004) and show theoretically that the varianc& geemium is linked to uncertainty
about economic fundamentals, deriving the condstiamder which the premium

predicts future market returns.

Our approach is different. To the best of our kremgle, there are not papers
showing directly the hedging capacity of the vacemisk premium regarding future
financial and macroeconomic risks. Moreover, welya®a how this hedging ability

changes for different investment horizons (variaswap maturities).

To analyze the ability of the variance swap contradiedge the various types of

aggregate risk, we estimate linear regressions,

VRR, =a+L"' X, +& (r=1, 2, 3,6,and 12), (8)

T

In particular, Zhou (2009), explicitly avoids theng-run component in consumption growth, and
attributes the higher order time-variation in ripkemia to the stochastic volatility-of-volatilityni
consumption growth. His theoretical approach isabép of reproducing the variance risk premium
skewness and kurtsosis without introducing jumps.

11



where X is a vector of variables representing a specyfpetof economic or financial
risk. The time indexes in (8) reflect the fact thaa are looking for the possibility that
the variance swap offers advanced coverage for thiek may materialize over the

maturity life of the swap contract.

We consider different state variables grouped thtee kinds of risk: equity
market risk, interest rate risk, and business cyidk. The first group of variables
contains the three Fama-French (1993) factessR;, SMB HML) and the innovations
in the price-dividend ratioRD). In the second group we consider three variateiesed
to the interest rate risk: the fluctuations in dhetrended level of the risk-free real
interest rate RSTATH, the surprises in the slope of the yield curVv&RM, and the
innovations in the default premiurDEFAULT). Finally, we use the growth rate of per
capita real aggregate non-durable consumptiontatad employment growth rate, and

the innovations in the market-wide illiquidity meas as business cycle indicators.

The hedging ability of the variance swap againsiitggnarket risk comes from
the definition of the contract. The basic intuitibehind the variance swap is that
investing in volatility appears attractive becawsdatility shocks are known to be
negatively correlated with stock index returns. §hadding volatility exposure to an
equity portfolio should improve risk diversificatioln that sense, we would expect a
negative relationship between the variance risknpren and any indicator of stock
market risk. Moreover, the volatility of a stock mket index increases during
recessions, so that a variance swap contract vollige the desired protection if the
variance risk premium is higher in anticipationtloése stressed periods. For that reason
we also analyze the relationship between the veeiamsk premium and variables

representing other types of risk as proxied byrestrates or business cycle indicators.

12



It should be noted that if the variance swap figlfils role as a hedge against volatility,
it will bear a negative relationship with any vé& indicating “good news”, and a

positive relationship with any indicator of “badwes’.

The results regarding the first group of variableamely equity risks, are
reported in Panel A of Table 2. Despite the comsivn of theSMB andHML factors
followed by Fama and French (1993), we correct tfe possibility that the four
variables employed in this group may share commtormation. Given the assumption
that the main source of risk comes from marketrrettariability, we work with the
components c6§MB HML andPD orthogonal toRy - R). These orthogonal factors are

obtained as the residuals of the regression of fzaxtbr on the market factor:
Xi" = X¢ - Bo - B1(Rwe - Ret ), X = SMBHML PD, ©)

and we denote them with + sign in Table 2. We ekpawegative relationship between

the variance risk premium and all the componentkiggroup.

The second group of variables considers three patesources of risk based on
interest ratesX=[R{STATE, TERM, DEFAULT]The detrended real interest rate acts as
a proxy for an interest rate surprise, and therewgect a positive relationship with the
variance risk premium. A flattening of the termusture is known to anticipate a
recession, so a potentially negative relation betwie variance risk premium and the
innovation in theTERM is expected. Finally, we also expect a positiviati@nship
between the variance risk premium and surpriseshen DEFAULT factor. The
estimation results are presented in Panel B oféTabWe use the componentsT&ERM
and DEFAULT that are orthogonal tB; STATE considered the main source of risk in

this group. Such components are estimated as itiegu?9).

13



Thirdly, we consider the possibility that variarm&aps might provide a hedge
against negative developments in the business .cy¢&e use the growth rate of per
capita real aggregate non-durable consumptionl, ¢otployment growth rate, and the
market-wide illiquidity surprises as business cyiddicators. In this case, we analyze
the relationship between the variance risk premiamad each one of these three
variables individually with the estimation resuléported in the three sections of Panel
C of Table 2. We expect a negative relationshipvben the variance swap premium
and the future growth rates of the two macroeconadndicators, as well as a positive

relation with our measure of aggregate illiquidityocks.

All panels in Table 2 report slope estimates, awt@tation robust standard
errors in parenthesis, and the adjus®af the regressions. For comparison, the last
row of panels A and B also provides fReof a regression that only considers the main
source of risk, namely the excess market return ttwed detrended risk free rate,

respectively.

Generally speaking, our results show widespreadeaxe in favor of variance
swaps playing a significant role as a hedge againstriety of risks. Panel A of Table 2
shows the variance risk premium to be strongly meghtively related to market returns
at all maturities. It also shows a negative refafop with PD that is generally
significant for the different horizons, but espdgiaelevant for the longer maturities.
The negative estimated coefficients suggest thatwdriance swap may provide a
significant hedge against market risk and alsoreggjahe shocks to the dividend-price
ratio which are not correlated with the market mdeegarding the Fama-Frech factors,
we find that the/RPis negatively correlated witBMBbut only for the longest horizon.

Finally, the relation betweeviRP and the component ¢fML that is orthogonal to the

14



market return is positive but not statisticallyrsfggant. Comparing the last two rows

of Panel A, we see that variance swaps seem to loéfdging possibilities against risks

other than changes in the index return for longeizbns. The most remarkable case is
the 12- month horizon, where the additionSWIB and PD (andHML) to the market

return increases the adjustetby 26%.

Panel B of Table 2 shows that coefficients regaydactors related to interest
rate risk are generally estimated with low precisi®ver the whole spectrum of
maturities considered by the analysis, the variaimgle premium seems to anticipate
significantly the one-month future fluctuationRSTATEand the 6-months unexpected
change inDEFAULT. The sign of the hedging relations are as expecidu
comparison of adjusteB’ values at the bottom of Panel B of Table 2 shdves the
correlation of the variance risk premium with tipeaific risk component IDEFAULT

seems to be important, especially for the 6-mohtrgzon.

Panel C of Table 2 contains the evidence on busicygde risks. It is interesting
to see that the variance risk premium displaysgaifstant negative relationship with
the consumption growth rate at all maturities exdie shortest one. Hence, long
positions on the variance swap contract seem tageonsurance not only with respect
to market equity risk, but also to real macroecoicorisks'? In fact, the adjuste&®
with consumption growth at the 12-month horizorsubstantially higher than most of
the reported® based on any other single indicator. It might beught that the
correlation we present is spurious, consumptiorwtirabeing a proxy for the stock
market or interest rates. However, an additionalyamns with multiple regressions

indicates that this is not the case. Panel C diews that the relation betwe®RP and

2 This finding is potentially interesting from theset pricing point of view, since any equilibriunode!
would imply a correlation between the excess retmnthe swap, captured here by the variance risk
premium, and consumption growth.

15



employment growth is negative but it is much wealtgn the relationship with
consumption growth. For intermediate horizoviRP is positively related to aggregate
illiquidity shocks, indicating that the variance egwprovides hedge against aggregate
illiquidity risk. Interestingly, a multiple regress analysis (not shown in the paper)
reveals that this positive relationship is maingdinf we add the market return, so that

market-wide illiquidity seems to be an additioriakrfactor over and above market risk.

By and large, the evidence in this section indisathat the variance risk
premium is able to anticipate different kinds askriembedded in traditional state
variables. Such risks go beyond the type of risgtatk market returns or in the level of
interest rates. There is also a significant refabetweer’VRP and macroeconomic risk

measures; the case of consumption growth is edjyeckevant.
5. Hedging and Non-Nor mality

Recent empirical work has consistently shown tiskt meutral volatility is higher, on
average, than physical return volatiltyLittle work has been done on theoretically
characterizing the distance between both typesoddtility, with Bakshi and Madan
(2006) and Chabi-Yo (2012) being two examples.dthlrases, th#RPis derived as a
function of standard deviation, skewness and kigtosequity returns. Therefore, the
magnitude and behaviour over time of MBP may also be empirically related to
higher order moments of the equity return distiifrut The issue we want to investigate
next is whether or not the hedging ability of vaga swaps is related to these higher
order moments. To answer this question, we relthenChabi-Yo (2012) model of the
VRP. We analyse the extent to which higher order mamehthe distribution of equity

returns determine tRéRPfor the different swap maturities, and whethesthmmoments

13 See Bakshi and Kapadia (2003), Jiang and Tian5200arr and Wu (2009) and Bollerslev et al.
(2011) among others.

16



are behind the behaviour over time of the differgate variables that the swap is able

to hedge.

Chabi-Yo (2012) obtains a stochastic discount fagtovhich coskewness and
the market volatility risk factors are endogenouslgtermined. His model is an
extension of the coskewness models of Rubinste@73), Kraus and Litzenberger
(1976), and Harvey and Siddique (2000) in which ekpected risk premium for any
stock is determined not only by coskewness but laysthe co-movement between the
market volatility and the return on the stock. lddiion, this pricing expression
explicitly depends on the cross-sectional averdgawestors risk tolerance and on the

weighted average of their preferences for skewness.

An implication of the Chabi-Yo’s asset pricing deb, especially relevant for
our purposes, is that negative skewness and higbsexXkurtosis, together with a high
level of preference for skewness are the two maurces of negative variance risk
premium. Moreover, as long as the skewness praferparameter is higher than one, a
high correlation of the market variance with theilmagd market return generates an
even more negative variance risk premium. Undes tmiodel, the variance risk

premium is given by

VRRir = Ao+ Aw (0wt er Swtar) ¥4 sk wir (Kwer = 1)+ vol wer. (10)

17



where g,,,S,,K,, represent the standard deviation, skewness, antsiurof the
market return respectivelyy,,.., :Covt(a\f,mr,R\f,tyw)/Vart(a\f,tyw) and Ay >0,

ASKD <0 and /‘\/OL <0 .14

We estimate equation (10) for each swap maturitihgusas proxies for
conditional standard deviation, skewness and kisrtdse corresponding sample
moments computed from 30-minute intra-daily datawben 9 a.m. to 3 p.m. on S&P
500 index returns for the time interval defined éach swap maturity’. Results are
reported in Panel A of Table 3. The table displegsfficient estimates, autocorrelation-
robust standard errors in parenthesis, andRhéor three different maturities of the
variance swaps: 1 month, 6 months and 12 mdftfAhe overall fit of the model
improves with the maturity, as indicated by ffestatistics. Regarding the estimates of
individual coefficients, the cross product of starttideviation and kurtosis is the only
variable with a statistically significant coefficieand the negative expected sign at the
1- and 6-month horizons. Other things equal, aserwotatility uncertainty is expected
in the form of higher kurtosis, the variance swate roecomes higher and the variance
risk premium more negative. At the shortest horjzbe coefficient associated with the
cross product of standard deviation and skewnesstimated with very little precision.
As the time horizon increases, the estimated aoeffi of this cross product increases
drastically although it is only significant for thengest maturity. On the other hand, the

estimated effect of the cross product of standandation and kurtosis is quite stable

4 A previous version of the Chabi-Yo's (2012) workfie Chabi-Yo’s (2009) SSRN working paper. This
working paper includes in the main text, not oty equation for pricing returns but also the equeator
pricing variance risk (equation 19). Details regagdthe derivation can be found in the Appendix of
Chabi-Yo (2009).

15 Alternatively, we also followed the approach indheet al. (2005) for estimating conditional varianc
skewness, and kurtosis. Results confirm the evigl@nesented in Tables 3 and 4 and are not provaded
space reasons. Details about the estimation proeedhd/or the results are available upon request.

' In order to save space, and for all tests of sistion (Tables 3 and 4), we only provide results
regarding three swap maturities, 1, 6 and 12 morfthe results related to the other two horizons are
available upon request.
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but a loss of precision weakens its statisticahificance at the longest horizon. It must
be noted that the skewness takes a very low valumgl our sample period, with
average values for one-, 6- and 12-months horizuin®.066, -0.150, and -0.117,

respectively.

Our results are consistent with the evidence pexvich Bakshi and Madan
(2006). The authors propose a model for volatdjpyeads by simply allowing a Taylor
expansion of order 3 for the pricing kernel. Untlds assumption, th&RP is fully
specified with relative risk aversion, varianceewkess and kurtosis of returfidJsing
data with one-month maturity, they estimate the ehddelative risk aversion is the
single parameter) and test the over-identifyingtrig®ns in three cases: the
unrestricted model, assuming that excess kurtesigrno, and assuming that there is no
skewness in equity returns. They find that while glimination of the skweness has
very little effects on the value and precision be testimate of the risk aversion
coefficient, when zero excess kurtosis is imposedly large (arguably implausible)
values of relative risk aversion are needed toneit® the variance risk premium with

the relation between the physical and the risk#iaédensities.

Panels B, C and D of Table 3 contain the resulbsnfrequation (10) when
replacing the/RP by different state variables. The idea is to armlywhether the fears
to deviations from Normality are also related tanstard measures of financial and

macroeconomic risks. Specifically, we now estinthgeregression:

Y tor =A0+ A (0wt o Swtar) +4 sk wir (K wer = 1)+ véL weg +4 4 (11)

7 In fact, the specific model that they derive ungdewer utility has very similar implications to the
Chabi-Yo’s pricing equation.
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where the dependent variablé) (fepresents a specific type of economic or financi
risk. Consistently with Section 4, Panel B repoesults for variables related to equity
risks, Rw - Ry), SMB HML or PD; in Panel C the dependent variableRSTATE
TERMor DEFAULT, and Panel D refers to the business cycle indisatoonsumption

growth, employment growth and the aggregate ildgyimeasure.

A general result in all panels from B to D of TaBlewhich is also consistent
with the findings of Panel A, is that the relatibetween these risk factors and the
moments of the distribution of market returns beesrstronger for longer horizons, as
shown by the?? statistic. The high values of ti& statistic of 39% foRSTATE 58%
for DEFAULT or 35% for illiquidity risk at the 12-month horizaare remarkable. To
further illustrate this point, Figure 2 display® thctual values of illiquidity and default

risks at the 12-month horizon together with thisiefl values from regression (11).

The statistical significance of the individual dogénts associated with
skewness and/or kurtosis depends upon the indit&iog explained and the horizon
but, as in the case of tMRPin Panel A, the third explanatory variable in equai11)
is not relevantFor 1- and 6-month horizons, the dominant variabléhe product of
standard deviation and kurtosis. It significantkplains the value factoHML) at the
shortest maturity, the market return, the risk fraee and th&ERM spread at the 6-
month maturity, andP, DEFAULT, and the three business cycle indicators at both
one- and 6-month horizons. On the other hand, theame associated with the
skewness is also relevant for explaining the maréeirn and the default premium for

all horizons.

In order to analyse which of the two cross prodeither skewness or kurtosis)

is the explanatory variable with more informati@ntent, we estimate again equations
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(10) and (11) without either one of the three emptary variables, to analyse the
decrease in th&’ relative to the unrestricted regression. The tesafle contained in

Table 4 where the first block provides the residisVRP, and the following four blocks

display the results regarding the four risk facforswhich theVRP presents the highest
hedging ability. For comparability, the first row each block provides again tFRé

from the estimation of the unrestricted regression.

With respect t&/RP, the kurtosis variable is relevant for the threstumities, but
its overall explanatory power is especially reldvah the one-month horizon. Once
again, this finding is consistent with the resuflisBakshi and Madan (2006). The
variable based on skewness turns out to be the impsirtant one for the 12-month
maturity. Regarding the rest of dependent varialitesR® statistic drops substantially
when we take the product of standard deviationkamtbsis out of the regression for all
horizons, with the exception of the market retunal &he one-month maturity. In the
case of consumption growth, the decreas&’iiis more pronounced at the six-month
horizon, while the explanatory power of kurtosi®eres to be higher at the longest
horizon forPD. Moreover, the skewness variable is also relef@néxplainingPD at

all horizons.

Summarizing, our results suggest that the abilitthe variance swap to hedge
the risk associated to the market return, the divdprice ratio, the aggregate
consumption growth, the aggregate illiquidity risigd even default risk, might come
from the relationship of these financial and macoo®mic risk factors to the kurtosis
of equity returns. Additionally, the power of var@@ swaps to hedge against market

risk at the one-month horizon and against the giieglend risk at all horizons may
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also be associated with the relation between thasables and the skewness of the

returns.

6. Robustness Tests

Next, we repeat the estimations in Sections 4 amdréducing two variants. First, we
change the estimation of the realized variancegugaily returns instead of intra-daily
returns. Second, for the one-month maturity, wemctthe sample period as much as

possible such that it includes the recent finanmigis.

6.1. Estimating Realized Variance with Daily Returns

Despite the fact that the academic literature tdndapply high-frequency data when

estimating variance risk premia, the real payoffthese contracts are based on realized
variance estimated with daily log-returns. It iseréfore necessary to check the
robustness of our previous results when daily daii@er than intra-daily data are used

in the estimation of realized variances.

Figure 3 shows that the variance risk premia for61-and 12-month maturities
estimated under both procedures are very closeatth ether. If anything, and
particularly for the longest horizons, the variamsk premium is even higher when

realized variances are estimated with daily logHre.

To be more precise, we repeat all our estimati@isgudaily data to estimate
realized variance and the higher moments of retdes achieve the same qualitative
and economic implications. To illustrate this, T@blreports the estimation results from
the Chabi-Yo equation (10). Once again, at theethrerizons, the cross product of
standard deviation and kurtosis is the only vadabith a statistically significant

coefficient and the negative expected sign. Inddeel,coefficients are estimated with
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more precision an@ are a slightly higher than in Panel A of TableGh the other

hand, the coefficient associated with the crossdymd of standard deviation and
skewness is estimated with very little precisiondlb horizons in this case. Therefore, it
is confirmed that the variance risk premium maybeerated by the desire of investors
to hedge against leptokurtic return distributioifie rest of the empirical results

maintain the conclusions reported in the previ@gisns'®
6.2. Including the Recent Global Financial Crisis Period

A natural criticism to our work might be that thelected sample period, from January
1996 to January 2007, excludes the last financials¢ with volatility having a large

spike during the fall of 2008. Therefore, we mighiss the opportunity to investigate
the hedging performance of variance swaps duringeaod characterized by the
circumstances for which these assets are interidedever, data on variance swap
rates were obtained from the Bank of America andupdated data sample is

unavailable.

To include the economic crisis in our analysis,ledst for the one month
maturity, we resort to the data kindly providedHtgo Zhou in his personal webpade.
For the period between 1990 and 2012, the autlavmiges end-of-month VIX-squared
data as a measure of the risk-neutral expectafimariance and the estimation of the
realized variance as the sum of squared 5-mingtedturns of the S&P 500 index over
the montH° The strong similarities between VIX and one-mowghiance swap rates

can be observed in Figure 4, which provides histogr and descriptive statistics of

'8 The results from all other tables using daily resuin the estimation of realized variances arédlaivie
upon request.

19 \www.pbcsf.tsinghua.edu.cn.

2 VIX is a measure of implied volatility in index tipns that is calculated employing model-free
techniques. See CBOE website for details.
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both series for our sample period, 1996-2006. Maeeo the linear correlation
coefficient between both series is 0.97, as theptojure in Figure 5 clearly reflects. We
use equation (5) to compute thi&P with Zhou’s data for the period between January
1990 and November 2012. The bottom picture in Edurdisplays the obtainedRP
together with our shorter series for comparabilitg.expected, both series are also very

similar with a linear correlation coefficient ofad.

Then, we repeat the estimations of Table 2 anclParof Table 3 using this
updated variable. The new results are reported daneB A and B of Table 6,
respectively. The first block in Panel A refersequity risks. Again, we find a strong
ability in variance swaps to hedge future changesguity market returns. Indeed, when
the crisis period is considered, tReincreases from 15.6% to 20.3%. As expected, the
relation is negative. All other coefficients assted with equity risk variables are also
negative, but they are not relevant when we exttaetpart that is already included in
the market return. For the rest of the blocks,redsilts are consistent with the findings
reported in Table 2. For the shortest horizon eeithe interest rate variables nor the
macroeconomic risks are significantly hedged usiagance swaps. Of course, the
problem is that we do not have data for longer mizé¢g, which makes it impossible to
capture the hedging ability of these variablesoaigér horizons. However, Figure 5

suggests that the results might be very similar.

Panel B of Table 6 reports estimates of the Chabp¥cing equation for the
VRP. Once again, the evidence indicates a relevaatioal between th& RP and the
kurtosis of equity returns. The coefficient is nidgg larger in absolute value and it is
estimated with more precision than when using teeter sample. The global fit of the

model is also better than in Table 3. The skewnes§ficient is again positive and, as it
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was the case for kurtosis, it is now estimated witire precision. Therefore, the results
reinforce the conclusion that investors’ fearshe high kurtosis of the distribution of

equity returns explain the large values of variaswap rates.
7. Asset Allocation and Volatility Exposure

In previous sections we have found evidence suggeatsignificant hedging ability of
variance swaps against a variety of risks, on treeland, and a significant contribution
of the nonnormality of the distribution of equity returns t@merate the/RP. Such
results suggest that including volatility exposure a portfolio can improve the
performance in terms of variance, skewness andosgisrtof portfolio returns. We
analyse this hypothesis using a performance medbatancorporates simultaneously

all these three moments: the modified Value-at-Risk

Investment in volatility products can be justified the fear of investors to suffer
substantial losses during extreme recession perikmighat reason, we use the Value at
Risk (VaR as a measure of risk that reflects the maximutergi@l loss that may arise
with a given probability. We follow Briére et. §2010) who suggest the modifi&hR
because it considers the possibility that returme aot normally distributed.

Specifically, given the probability, the modifiedvaRis given by
ModVaR ta)=-(u+w,0), (12)

whereu ando are the mean and the standard deviation of retants

w=2,+2(Z- s (2 A & B 2 BE° (3)
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wherez, is thea-quantile of the standard normal distributi@is the skewness adis
the kurtosis. The modifieaR will be higher if the portfolio returns distriboti is

negatively skewed and/or is leptokurtic.

Our portfolio analysis consists of comparing twatfolios: a 100% position on
the equity market portfolio and an alternative fubid that combines the equity market
and the variance swap. The concluding comparisdinb@idone in terms of modified
VaR We have already pointed out that the ave’gfis negative implying a negative
mean returns from a long position in variance sw&ps that reason, our goal now is to
explain why it makes sense to include variance swa portfolio even if that should
be expected to decrease its mean return. We contipeiteut-of-sample modifiedaR
of the two portfolios, using a rolling window ongtadata to calibrate the process for
swap returns and to estimate the optimal portfeliEights*® Next, we describe this

procedure with some more detail.

Let T be the total size of our sample data. For eachtmtpfort = 61,....T-1, we

proceed as follows:

1) Using data o/RPandRy for the period{- 60,t], we calibrate the leveragk)
of the variance swap by setting the modifiéaR of the VRP to the modified
VaR of the equity portfolio. Then, we use this leverapefficient to transform
the VRP payoff intoVRPreturns:

Rge= Ry + L*VRP, forg t 60,..t . (14)

2) Using data orRy and Ryrp for the period { - 60, t], we solve for the optimal

weights that minimize the modifiedaR of the resulting portfolio. We denote by

2L Along this Section, the word “optimal” refers twetsolution to the problem of minimizing the politio
modifiedVaR
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Xwiand (1 -Xwy) the weights assigned to the equity market podfahd the/RP
respectively.
3) Using the weights estimated in step 2, we computeoptimal portfolio return

for the following month as

Rotr = X Rue 1+( iy ><Wt) Rret - (15)

Finally, we have a time series of optimal portfakurns,Re, for the period {+
1, T] that it is compared to the return of the equitgrket portfolio for the same out-of-
sample period. This is repeated for three altereataturities: 1, 6 and 12 months and
also for the extended sample period (1990-2012)diyg Zhou's data. The results are

contained in Table 7.

The results for the shorter sample period (19962@how that the portfolio
that includes th& RP has negative mean returns but a lower standardto®vthan the
100% investment in the equity market portfolio. Tlaege of dispersion between the
minimum and maximum returns is also narrower ferehlarged portfolio and, with the
exception of the one-month maturity, the maximumssléminimum return) is smaller.
The percent reduction in standard deviation andtititeening of the range of values
increases with maturity, suggesting that the heglginility of variance swaps is higher
for longer maturities. The portfolio that includeariance swaps also shows higher
negative skewness and higher excess kurtosis teaoampeting equity portfolio. The
combination of all of these moments produces aively lower modifiedVaR for the
enlarged portfolio in the 6- and 12- month matasti The analysis of the extended
period (1990-2012) shows even better results imgeof the reduction in the standard
deviation and in the range between the maximumnainédmum returns when including

the variance swap. The main difference when usinguz data is the larger excess
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kurtosis of the enlarged portfolio. The overalldlimesult is a decrease in the modified

VaR %

For a more detailed comparison between the modifegdof the two portfolios,
we estimate the distribution properties of theiffedence using a bootstrapping
procedure. We start by computing the sample meaangdard deviation, skweness, and
kurtosis of the observed data &5, andVRP over the whole period. Then, we generate
1000 random samples for eaRly andVRPfrom the distribution in the Pearson system
that matches their respective sample mom@ntssing the calibrated values farin
step 1 above, the generated samplegRIP are transformed into returns with equation
(14), and using the estimated weights in step Zr@bme obtain the return on the
combined portfolio as in equation (15). The modifieaRis then calculated for each of
the 1000 samples foRy and for each of the 1000 samples for the portfetiat
combinesRy andRygp. Last row in Table 7 provides the median, the 3&9fidence
interval, and the probability of negative values the difference between the two
modified VaRs(Mod. VaRy— Mod. VaRw+vrp). In terms of their median values, the
VaRis always reduced when the portfolio contains WP The confidence intervals
indicate that the density of the difference coneat around positive values,
suggesting a lower modifieaR for the enlarged portfolio in probabilistic terms.
Indeed, the percentage of realizations for whiehapposite happens decreases with the
maturity of the swap, being close to zero for tleeiqul that includes the recent crisis.
Therefore, we can conclude that the aim of redutivegmodifiedvVaR is achieved by

including the variance swap in the investment jpddf

22 The differences between our results and Briéralet2010) findings can be explained by two reason
On the one hand, instead of conducting a rollingredion procedure, they divide the sample into two
static sub-periods for the estimation of in-samgmbel out-of-sample performance. Our iterative rasult
indicate that both optimal weights and sample mdmdisplay large variations for different samplé-su
periods. On the other hand, these authors defsteategy based on a short variance swap positidn an
consequently, the mean and Sharpe ratio are ppsititheir definition of variance swap returns.

%3 See Elderton and Johnson (1969).
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It is interesting to further explore the case oé flbnger 1990-2012 sample
period because it includes the recent and extremamdial crisis of 2008. The lofty
jump in both the equity volatility andRP during September 2008, displayed in Figure
5, generates a large kurtosis in swap returns anekeess kurtosis of 6 in the optimal
portfolio that includes the variance swap. Howewde reduction in the standard
deviation of the portfolio compensates the largedais, and the modifieaR turns
out to be lower when investing in the variance swagact, at the time of the jump, the
optimal portfolio consists of going short on theuy market portfolio and investing
more than 100% in the swap. Figure 6 displays thgmal weight on equity as
estimated each month with the updated data windbw.optimal weight is around 40%
in equity (60% in the swap) until the peak of tmisis. At that point, the equity weight
drops to negative values and stays close to zerbdorest of the sample period. Hence,
our results suggest that, in times of financiatrdss, the optimal investment in terms of
modified VaR is to go long on the variance swap and slightlgrsion the market

portfolio. Once again, this clearly shows the hadgibility of this financial assét.
8. Conclusions

We have analysed the hedging ability of variancapswontracts against a variety of
factors representing both financial and macroeconoisks. We have found that these
derivative contracts are particularly useful fodbeg the variability in stock returns

and the price-dividend ratio at short investmenizuoms, the risk associated to the size

factor at 12-months maturity, the default risk atménth horizon, and the

4 Hafner and Wallmeier (2008) conduct a portfolicalgsis for a set of assets made up by the stock
index, the variance swap and the risk free raterevtthe objective function in the optimization deoh
also depends on higher order moments. Using dat&Gé&man DAX variance swaps for the period
between 1995 and 2004, they show that the objectWfeninimizing kurtosis or maximizing skewness
are achieved for positive weights on the varianeaps
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macroeconomic risk contained in the changes ofwopson growth beyond 3-month

horizons, and the illiquidity risk for investmerarizons between 2 and 6 months.

We have also shown that the variance risk premidndifferent horizons
responds to investors’ fears to time-varying deeret from Normality in returns,
especially concerning the kurtosis of the returstriiution. Furthermore, we have
provided evidence showing that these higher retnoments also explain the time
variation of the mentioned financial and macroecenicovariables that the swap is able

to hedge.

In consistency with the fact that variance swapigbeagainst risks associated to
moments over and above the mean and the standardtide of returns, an asset
allocation exercise shows that including variane@s in an equity portfolio reduces

the out-of-sample modified Value-at-Risk of thetfmio.

30



References

Amengual, D. (2009)The Term Structure of Variance Risk Premidorking Paper,
Department of Economics, Princeton University.

Amihud, Y. (2002), llliquidity and Stock Returns: Cross-Section andné&iSeries
Effects Journal of Financial Markets 5, 31-56.

Bakshi, G. and N. Kapadia (2003pelta hedged gains and the negative market
volatility risk premium Review of Financial Studies 16, 527-566.

Bakshi, G. and D. Madan (200&, Theory of Volatility Spread#1anagement Science
52, 1945-1956.

Bansal, R., and A. Yaron (2004isks for the Long-Run: A Potential Resolution of
Asset-Pricing Puzzledournal of Finance 59, 1481-15009.

Bollerslev, T., G. Tauchen and H. Zhou (201BXpected stock returns and variance
risk premia Review of Financial Studies 22, 4463-4492.

Bollerslev, T., M. Gibson and H. Zhou (201Dynamic Estimation of Volatility Risk
Premia and Investor Risk Aversion from Option-lregliand Realized
Volatilities, Journal of Econometrics 160, 102-118.

Briere, M., A. Burgues and O. Signori (201®yplatility Exposure for Strategic Asset
Allocation, Journal of Portfolio Management 36, 105-116.

Carr, P. and L. Wu (2009\ariance Risk PremjaReview of Financial Studies 22,
1311-1341.

Chabi-Yo, F. (2009)Pricing Kernels with Coskewness and Volatility RiSSRN

Working Paper, http://papers.ssrn.com/sol3/papien8abstract id=1361926

Chabi-Yo, F. (2012)Pricing Kernels with Stochastic Skewness and MulatRisk

Management Science 58, 624-640.

31



Drechsler, 1., and A. Yaron (201)Vhat's Vol Got to Do with IiReview of Financial
Studies 24, 1-45.

Driessen, J., P. Maenhout, and G. Vilkov (200Bhe Price of Correlation Risk:
Evidence from Equity Optiondournal of Finance 64, 1377-1406.

Egloff, D., M. Leippold, and L. Wu (2010T,he Term Structure of Variance Swap Rates
and Optimal Variance Swap Investmertsurnal of Financial and Quantitative
Analysis 45, 1279-1310.

Elderton, W., and N. Johnson (196%ystems of Frequency CuryeSambridge
University Press.

Fama, E., and K. French (1998 pmmon Risk Factors in the Returns on Stocks and
Bonds Journal of Financial Economics 33, 3-56.

Hafner, R. and M. Wallmeier (2008PDptimal Investments in VolatilityFinancial
Markets and Portfolio Management 22, 147-167.

Hasbrouck, J. (2009)rading Costs and Returns for US Equities: Estingqttffective
Costs from Daily DataJournal of Finance, 64, 3, 1445-1477.

Harvey, C. and A. Siddique (2000onditional Skewness in Asset Pricing Tests
Journal of Finance 55, 1263-1295.

Jiang, G. and Y. Tian (2005),he model free implied volatility and its infornaati
content Review of Financial Studies 18, 1305-1342.

Kraus, A., and R. Litzenberger (197&kewness Preference and the Valuation of Risky
AssetsJournal of Finance 31, 1085-1100.

Leén, A., G. Rubio, and G. Serna (200%utoregressive Conditional Volatility,
Skewness and KurtosiQuarterly Review of Economics and Finance 42,-599

618.

32



Marquez, E., B. Nieto, and G. Rubio (2018pnsumption, Liquidity, and the Cross-
Sectional Variation of Expected Returnrthcoming in the International
Review of Economics and Finance.

Nieto, B., and G. Rubio (2011)The Volatility of Consumption-Based Stochastic
Discount Factors and Economic Cyclekournal of Banking and Finance 35,
2197-2216.

Rubinstein, M. (1973)The Fundamental Theorem of Parameter-Preferencerrigc
Valuation Journal of Financial and Quantitative Analysi$869.

Todorov, V. (2009)\Variance Risk Premia Dynamics: The Role of Jynifeview of
Financial Studies, 23, 1, 345-383.

Vilkov, G. (2008),Variance Risk Premium Demystifiad/orking Paper, INSEAD.

Zhou, H. (2009), Variance Risk Premia, Asset Predictability Puzzlemd
Macroeconomic Uncertainty SSRN Working Paper,

http://papers.ssrn.com/sol3/papers.cfm?abstract 403049

33



Tablel
Variance Risk Premia: Descriptive Statistics, January 1996-January 2007

Panel A: Descriptive Statistics
VRR, ., 7 =1 month r=2months =3 months =6 months =12 months
Mean -0.159 -0.168 -0.179 -0.199 -0.225
Median -0.152 -0.141 -0.146 -0.144 -0.175
Maximun 0.700 0.525 0.453 0.372 0.184
Minimum -0.810 -0.837 -0.955 -1.106 -1.091

Panel B: Linear Correlations

=1 month r=2months =3 months =6 months =12 months

=1 month 1 0.830 0.725 0.569 0.450
7 = 2 months 1 0.951 0.828 0.714
7 = 3 months 1 0.913 0.790
7 = 6 months 1 0.912
7= 12 months 1

VRPis the variance risk premium associated with theraative horizons of the variance swap contract
going from 1 to 12 months. It is computed as tH&edince between the ex-post realized variancheat t
end of the swap contract and the currently obsemarthnce swap rate. The numbers in Panel A
represent these differences, as a percentage aamdnonthly basis.
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Table2
The Hedging Ability of the Variance Swap Contract

Panel A: Equity Risks

7 =1 month r=2months =3 months =6 months =12 months

RuR -1.494%+ -3.191% -4.608%+ -6.322%+ -4.138*
(0.332) (0.722) (1.051) (1.559) (1.905)
SMB* -0.348 0.014 0.491 -2.024 -7.693%
(0.421) (0.732) (0.884) (1.479) (1.641)
HML" -0.177 0.607 1.233 2.545 2.853
(0.603) (0.779) (0.965) (1.595) (2.584)
PD* -1.018* -0.944* -1.222%k -1.448%+ -1.020%+
(0.593) (0.586) (0.442) (0.422) (0.366)
Adj. R 0.180 0.303 0.391 0.402 0.328
Adj. R(Ru) 0.156 0.290 0.350 0.262 0.067

Panel B: Interest Rate Risks

7 =1 month r=2months =3 months =6 months =12 months

RState 11.488** 18.696* 20.083 36.137 15.392
(5.775) (11.438) (17.253) (31.710) (52.852)
TERM* -20.889 -54.925 -43.555 29.656 39.932
(29.272) (52.716) (36.877) (31.687) (43.916)
DEFAULT* 381.713* 163.001 238.512 326.576%* 111.358
(213.775) (227.526) (158.453) (124.965) (103.321
Adj. R 0.059 0.050 0.079 0.148 0.010
Adj. R(R) 0.008 0.010 0.000 0.005 -0.007

Panel C: Business Cycle Risks

7 =1 month r=2months =3 months =6 months =12 months

Consumption -3.156 -24.182*** -58.021*** -133.361*** -170.968**
Growth (4.990) (9.418) (19.642) (34.654) (47.427)
Adj. R2 -0.005 0.031 0.106 0.256 0.302
Employment 3.475 -6.121 -18.830 -32.446 -40.748
Growth (15.431) (20.171) (24.437) (29.385) (30.740)
Adj. R -0.007 -0.006 0.004 0.020 0.038
Agg. llliq. 0.198 0.256** 0.292*** 0.249** 0.013
Shocks (0.133) (0.117) (0.117) (0.118) (0.083)
Adj. R 0.029 0.073 0.109 0.081 -0.009

This table reports the slope coefficients, autaglation-robust standard errors in parentheses, and
adjustedR-squared coefficients from regressioniRP,,, =a + ' X, +&,.,, Where VRR,,, is the

tt+r
variance risk premium, computed as thfference between the ex-post realized varianadheaiend of

the swap contract ¢ ) and the observed variance swap r&8ample period goes from January 1996 to
December 2006. In Panel A, equity risk is analylagdncluding four variables in vectof. the excess
market return Ry-Ry), the size premiumSMB), the value premiumHML), and the price-dividend ratio
(PD). In Panel B, we analyze the relationship betwi#emnvariance risk premium and three variables
representing interest rates risk: innovations eréative risk free ratdRSTATH, the slope of the yield
curve TERM and a default premiunDEFAULT). A + sign denotes the residuals of the associated
variable relative to the main source of risk: eith@arket return in Panel A or the risk free raté>amel

B. The secondAdj. R line refers to the regression that includes ol tmain source of risk as
explanatory variable. Panel C reports the busiogske risk coefficients corresponding to simple OLS
regressions with consumption growth, employmentmtinp and an illiquidity measure, respectively, as
the only independent variables. *** p-value < 0.81p-value < 0.05; * p-value < 0.10.
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Table3

Different M easures of Risk and the M oments of the Equity Return Distribution

Pandl A: VRP
7 =1 month 7= 6 months 7 =12 months
Constant -0.110 (0.021)*** -0.018 (0.074) -0.046 (0.082)
Ay 0.208 (0.414) -1.144  (1.437) -4.197  (1.527)**
Aseo -0.142 (0.063)** -0.231 (0.107)** -0.230 (0.146)
AoL -0.005 (0.016) -0.107 (0.080) -0.106 (0.086)
R 0.074 0.157 0.180
Panel B: Equity Risks
=1 month 7= 6 months 7 =12 months
Constant 0.866 (0.471)* 2.042 (0.465)** 1.755 (0.421)**
Ay 46.27 (10.12)*+ -17.37  (9.276)* -21.36 (11.75)*
Rw-R Asko -1.189 (1.206) -2.982  (0.757)** -3.440 (0.862)**F
AoL 0.077 (0.536) -0.357 (0.596) 0.457 (0.443)
R 0.192 0.210 0.314
Constant 0.623 (0.666) 0.410 (0.457) 0.736 (0.387)*
Ay 18.11 (10.29)* 10.32 (8.827) 10.30 (8.515)
SMB Aeko 0.682 (0.996) 0.304 (0.692) 0.353 (0.691)
Aol -0.841 (0.609) -0.430 (0.503) -0.829 (0.357)*f
R 0.054 0.040 0.121
Constant 1.031 (0.429)** 0.252 (0.491) -0.100 (0.492)
Ay -26.56 (8.484)*** 5.191 (18.76) 4.893 (15.87)
HML Asko -2.319  (1.055)** 0.265 (1.378) 0.823 (1.097)
Aol 0.380 (0.393) 0.148 (0.336) 0.175 (0.333)
R 0.134 0.005 0.026
Constant 1.348 (0.483)**+ 7.734 (2.951)*** 7.363 (5.471)
Ay 22.42 (7.001)*** -84.74 (49.17)* -192.5 (127.6)
DP Asko -2.330  (0.911)** -9.954  (4.449)** -17.92  (10.21)*
Aol -0.289 (0.300) -1.021  (3.244) 8.169 (5.292)
R 0.103 0.084 0.117
Panel C: Interest Rates Risks
=1 month 7= 6 months 7 =12 months
Constant 0.011 (0.033) 0.031 (0.026) 0.035 (0.018)*
Ay -0.048 (0.423) -0.438 (0.434) -0.063 (0.435)
RState Aeko -0.035 (0.059) -0.098 (0.044)** -0.146  (0.033)**
Aol -0.004 (0.014) 0.010 (0.021) 0.039 (0.014)*t
R 0.005 0.104 0.393
Constant 0.011 (0.007) 0.002 (0.025) -0.019 (0.039)
Ay 0.029 (0.080) -0.285 (0.467) -0.520 (0.761)
TERM Aeko -0.018 (0.013) 0.060 (0.037)* 0.167 (0.052)*1*
Aol -0.007 (0.004)* -0.042 (0.022)* -0.085 (0.032)*+
R 0.04 0.121 0.275
Constant -0.004 (0.001)*** -0.026 (0.007)*** -0.043 (0.008%*
Ay -0.056 (0.025)** 0.312 (0.151)* 0.755 (0.247)*
DEFAULT A, 0.008 (0.003)*** 0.061 (0.011)** 0.118 (0.013)**+
Aol 0.001 (0.001) 0.002 (0.006) -0.005 (0.008)
R 0.109 0.354 0.577
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Table 3 (continuation)
Variance Risk and the M oments of the Equity Return Distribution

Panel D: Business Cycle Risks

7 =1 month

7= 6 months

7 =12 months

Constant

Consump. §

0.205 (0.031)**
0.782 (0.690)

-0.169 (0.089)

0.193 (0.024)*
-0.403 (0.486)

-0.088 (0.039)**

0.172 (0.025)***
0.361 (0.551)

-0.053 (0.045)

Growth SKD
Aol 0.025 (0.022) 0.019 (0.024) 0.030 (0.026)
R 0.05 0.079 0.083
Constant 0.115 (0.022)*** 0.148 (0.033)*** 0.168 (0.032)**4
-0.010 (0.257) -0.809 (0.664) -1.313  (0.924)
grr'(‘)f’l\',‘t)g Aseo -0.076 (0.028)** -0.207  (0.049)*** -0.261  (0.064)**
AoL 0.030 (0.018)* 0.070 (0.032)** 0.083 (0.029)*¢
R 0.055 0.268 0.351
Constant -5.945 (2.116)*** -24.94  (7.772)* -44.61 (10.12%*

-4.638 (36.24)

168.0 (166.8)

218.0 (231.0)

Aggregate Ay

liquidity — Ageo 15.01 (3.849)* 44.90 (12.41)% 74.33  (13.57)%*
Shocks 1.201 (1.571) 5.440 (8.405) 8.228 (9.065)
R 0.092 0.212 0.350

The table reports results from estimating the regjomn

Yorer =0+ A (Owesr Swear ) ¥4 skl wer (K wise = 1)+ vol wer +€ 2, 7=1,6,12
Sample period goes from January 1996 to Decemb@s.Zfie dependent variabl¥)(changes for each
panel and each row. In panel A, the dependentharia the Variance Risk PremiudRP) computed as
thedifference between the ex-post realized variant¢beaénd of the swap contrattd) and the currently
observed variance swap rate. In Panel B, variadnleselated to equity market risk: the excess ntarke
return Ry-Ry), the size premiunSMB), the value premiumHML), and the price-dividend rati®D). In
Panel C, variables based on interest rates arédewed: the relative risk free rat&$TATE, the slope of
the yield curve TERM), and a default premiunDEFAULT) computed as the difference between yields
on Baa corporate bonds and government bonds. Panel D inentasults regarding the aggregate
consumption growth rate, the growth rate of emplegtmand an aggregate measure of illiquidity shocks
oy, S, and K, represent the standard deviation, skewness anmsksirof the market return,

respectively, andy,, :Cow(a\fm, I‘{,H) / Va[(aﬁm). All three moments are estimated with intra-daily

data within the period corresponding to the swapuntst (1 month, 6 months or 12 months). Each row
reports the coefficient estimates and their cowedng standard error in parenthesis. The last row
displays theR? of the regression. *** p-value < 0.01; ** p-valse0.05; * p-value < 0.10.
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Table4
Contribution of each M oment of the Return Distribution to the Explanation of the Variance Risk
Premium and the State Variables

=1 month 7= 6 months 7 =12 months
A‘N'/‘SK'?’/‘VOL 0.074 0.157 0.180
(unrestricted)
Asior Avor 0.071 0.144 0.062
VRP (no skewness)
A+ Avor ) 0.004 0.081 0.110
(no kurtosis)
AW’/‘SKD__ 0.073 0.113 0.145
(no volatility)
A Askor AvoL 0.192 0.210 0.314
R, - R Askor Avor 0.004 0.170 0.253
A Avor 0.185 0.035 0.000
A Asio 0.191 0.203 0.301
A Askor AvoL 0.103 0.084 0.117
D Askor Avol 0.034 0.049 0.070
A Avor 0.063 0.012 0.036
A Asko 0.099 0.082 0.077
A Askor AvoL 0.050 0.079 0.083
Consumption /]SKD’/]VOL 0.035 0.069 0.061
Growth AwsAvoL 0.013 0.005 0.047
A Asio 0.044 0.070 0.055
A Askor AvoL 0.092 0.212 0.350
Agg. lllig. Askor AvoL 0.092 0.195 0.336
Shocks A Aol 0.011 0.056 0.087
A Asio 0.089 0.205 0.341

The table report&’ statistics from the estimation of regression

Vit :/]O+/]W(0Wt,ﬁ-rS\Nt;l-r)+/] SKIZ(U weir (K wir — 1)"'/1 Vol wet € g, 7=16,12
Sample period goes from January 1996 to Decemb@6.Z8e dependent variabl&)( in the first
column of the table is, alternatively, the varianis& premium YRP), the excess market returRyRy),
innovations in the price-dividend ratiB), the aggregate non-durable consumption growth eatd an
aggregate measure of illiquidity shocks. For eactupg of results, the first row reports tResquared of
the full equation (considering the three explanatariables). The following three rows report tRe
squared of a regression including two out of thredhexplanatory variables, as indicated in the rsgtco
column of the tableg,,, S, , and K, represent the standard deviation, skewness andsksiof the

market return, respectively, ang, = Coq(ajm, R\?m) / Va[(asm). All moments have been estimated
with intra-daily data within the period correspamglito the swap maturity.
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Table5
The Sour ces of the Variance Risk Premium with the Realized Variance
Estimated from Daily L og-Returns

7 =1 month 7= 6 months 7 =12 months
Constant -0.081  (0.022)*** -0.056 (0.066) -0.119 (0.065)*
Ay 1.001 (0.902) 0.448 (1.418) -0.502 (1.903)
Asko -0.557 (0.324)* -0.632  (0.272)** -1.073  (0.320)***
AoL 0.018 (0.039) -0.007 (0.072) 0.154 (0.102)
R 0.082 0.162 0.202

This table reports results from the estimationegfression

VRR 47 :/]O+/]W(0Wt,ﬁr S\Nt,{-r)"'/] SKE(U wer (Kwey = 1)+)| vl wep € 4o T=1,6,12
where VRR ., is the Variance Risk Premium computed as the rdiffee between the ex-post realized
variance at maturity of the swap contrastr) and the observed variance swap rajge, S, , and K,
represent the standard deviation, the skewnesshenlurtosis of the market return, respectivelyd an
M :Cow(aivm, F§M)/ Va!(afm). All three moments are estimated with daily daithiw the period

corresponding to the swap maturity (1 month, 6 mer 12 months). Sample period goes from January
1996 to December 2006. Each row reports the estBnand their corresponding standard error in
parentheses. The last row displays Rief the regression. *** p-value < 0.01; ** p-valse0.05; * p-
value < 0.10.
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Table6
Hedging and Non-Nor mality of the Variance Swap Premium
Sample Period 1990-2012, =1 month

Panel A: Short-term Hedging Ability of the Variance Swap Contract
Equity Risks Interest Rate Risks Business Misles
Rw-R -3.184** | RState 26.456 Consumption -3.349
(1.039) (18.419) Growth (8.552)
SMB' -0.304 TERM -17.586 Adj. R -0.003
(0.444) (16.747) | Employment 20.017
HML -0.291 DEFAULT 62.854 Growth (24.333)
(0.632) (64.394) | Adj. R 0.009
PD* -0.019 Agg. lliq. 0.509
(0.076) Shocks (0469)
Adj. R 0.196 Adj. R 0.037 Adj. R 0.006
Adj. R(Rw) 0.203 Adj. R(R) 0.027
Panel B: Sources of the Variance Risk Premium
Constant Ay Asko AL R
-0.122%** 0.682* -0.185*** -0.004 0.103
0.022 (0.371) (0.061) (0.014)

For description of the analysis shown in Panel & motes in Table 2. For description of the analysi
shown in Panel B, see notes in Table 3. The exaeigithe variance risk premium that is now comgute
using data on realized and implied volatility ped by Hao Zhou in his web site. *** p-value < 0.01
** p-value < 0.05; * p-value < 0.10.
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Table7

Out-of-sample Portfolio Perfor mance with and without Variance Swaps

7 =1 month 7 =6 month 7 =12 months TZ?OLng;gS
1996-2006 1996-2006 1996-2006 1990-2012
Rw Riv+VRP Ry Riw+VRP Ry Riw+VRP Ry Ry+VRP

Mean 0.004 -0.009 0.015 -0.008 0.026 -0.01p 0.008 -0.009
Min -0.102 -0.129 -0.276 -0.207 -0.297 -0.21p -0.172 .116
Max 0.083 0.051 0.239 0.108 0.427 0.127 0.113 0.107
SD 0.041 0.030 0.109 0.062 0.176 0.082 0.047 0.023
Skewness -0.507 -1.255 -0.422 -0.732 0.005 -0.7883 -0.726 82D.
Excess Kurtosi§ 0.269 2.655 -0.179 0.228 -0.786 -0.15P 0.918 6.049
Modified VaR 0.106 0.109 0.260 0.177 0.350 0.227 0.126 0.105

Distribution of the Difference in the Modified Vakat-Risk

(Mod VaRy — Mod VaRy:vre)

Median 0.016 0.043 0.076 0.061
95% ClI (-0.024 , 0.051) (-0.049, 0.111) (-0.037, 0.148) (0.028, 0.317)
Pr(x<0) 13.6% 12.5% 6.3% 0.1%

Each panel provides the statistics indicated irfitse column for the returns on two investmenatgies:
a 100% investment in the equity market portfolRyand a portfolio that combines the equity market a
the variance swaR(y+ VRP). Portfolio weights for the latter are estimatedte month using a recursive
process that employs five years of previous dataitomize the modified Value-at-Risk of the resudfi
portfolio. The last panel to the right employs ateaded sample period using data provided by HamuZh

in his web site. The modified VaR of the two politie are compared by a bootstrap procedure with the
results shown in the last row of the table. This provides the median, the 2.5% and 97.5% peresntil

and the cumulative density of negative values ffer difference between the modifi&hR of the two

portfolios.
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Figurel
Variance Swap Rate and Realized Variance for Different Maturities
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Figure 2
Iliquidity Risk
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Figure3

from Intra-day Returnsor from Daily Returns

Variance Risk Premium using either Realized Variance Estimated
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Figure4
Comparing the One-month Variance Swap Ratesand VIX

Histogram and Descriptive Statistics, January 1996 to December 2006
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Figure5
Variance Risk Premium using either one-month Variance Swap Rates (1996-2006)

or VIX (1990-2012)
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Figure6
Optimal Monthly Weightsfor the Equity Market Portfolio and the Variance Swap when

Minimising the M odified Value-at-Risk
Equity Weight
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