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Abstract

This paper studies the determinants of the variaiskgpremium and concludes on the
hedging possibilities offered by variance swaps. &t by showing that the variance
risk premium responds to changes in higher ordenemts 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
risks: risk of default, employment growth risk, somption growth risk, stock market
risk and market illiquidity risk. Therefore, the nance risk premium could be
interpreted as reflecting the market willingnesg&y for hedging against financial and

macroeconomic sources of risk. We provide additiemalence in support of that view.



1. Introduction

Why is the variance risk premium reported to bgatiee, on average, for all
available horizons? The main objective of this pajge precisely to answer this
question. Since the payoff of a variance swap eehtis the difference between the
realized variance and the variance swap rate, megatturns to long positions on
variance swap contracts for all time horizons migmat investors are willing to accept
negative returns for purchasing realized variarieguivalently, investors who are
sellers of variance and are providing insuranceth® market, require substantial
positive returns. This may be rational since theatation between volatility shocks and
market returns is known to be strongly negative wveéstors want protection against
stock market crashes. The crucial issue is howelargremium should be charged for
offering that hedge. In terms of variance swaps kigy challenge is to formally explain

the large average negative variance risk premiusemed at all horizons.

In this paper, we follow the theoretical model gwsed by Chabi-Yo (2009) to
find evidence that the variance risk premium resigsoto changes in higher order
moments of the conditional distribution of marketurns over and above the mean and
variance of the stock market portfolio. Our findsnguggest that the variance swap is a
financial instrument that offers hedging againsietivariation and non-Normality in the
conditional distribution of returns. The issue thegcomes to identify the economic
sources of non-Normality of market returns. In thase, we provide evidence that the
same determinants of the variance risk premiumadge able to explain standard
economic risks, such as equity market risk, agdesgiefault risk, market-wide
illiquidity, and consumption and employment growitks. The existence of common
determinants of the variance risk premium and mtics of different types of risk
suggests that variance swaps may offer coveragesaghem. Indeed, we find that
going long in the variance swap contract providégedge against equity market risks,
as well as against interest rate risks and busiogdse risks. Hence the variance risk
premium can be interpreted as reflecting the mavklingness to pay for hedging

against these financial and macroeconomic risks.

Since our analysis suggests that variance swapgsbmaffective against risks
other than market risk, we search for additionatlewce in favor of variance swaps

being a significant asset for portfolio risk managat. To that end, we analyze whether



variance swap contracts are redundant assetsjveelmt standard benchmarks, by
performing the step-down spanning tests in KanZmou (2008). Our implementation
of these spanning tests compares the minimum \@ifxontier associated to a universe
of four benchmark US assets, namely, the S&P500 et the Aaa and Baa corporate
bond yields, and the 10-year government bond yieldh the minimum variance
frontier of the expanded set which additionally luges the excess return of the
variance swap contract, which we take as the vegiaisk premium. We systematically
reject spanning, suggesting that the variancepisknium contains incremental relevant
information not included in the four benchmark éss&€he reason seems to be related
to the diversification opportunities generated bg variance swaps given the negative
correlation between the payoff of the swap and pghgoff of standard assets. The
analysis for different maturities of the swap cants reveals that, at the longest
horizons, the improvement of the minimum varian@mtier comes primarily from the
tangency portfolio while, at the shortest horizahg, strong evidence of improving the
investment opportunity set comes from the globalimum portfolio rather than from

the tangency portfolio. In any case, and for gty of tests, we always reject spanning.

This paper is organized as follows. Section 2 lyrieéscribes the variance swap
contract and defines the variance risk premiumJev8ection 3 contains a description
of the data. The determinants of the variance psémium, and the relationship
between these determinants and several financaleaonomic risks, is discussed in
Section 4. The hedging ability of the variance riglemium against a variety of
financial and economic risks is reported in SectorSection 6 provides the results
from mean-variance spanning tests, and Sectionnéludes with a summary of our

findings.

2. Variance Swap Contracts and the Variance Risk Premium

A variance swap is an over-the-counter financiatrument that pays the
difference between a standard estimate of thezeshlariance of the return on a given
asset and the fixed variance swap rate. More iaildene leg of the variance swap pays
an amount based upon the realized variance of dagyreturns, computed with the

commonly used closing price of the underlying astbe other leg of the swap pays a



fixed amount, the strike, quoted at the deal'sptioa. Thus the net payoff to the
counterparties is the difference between thesewualoes. It is settled in cash at the
expiration of the deal, though some cash paymestsilkely to be made along the way
by one or the other counterparty to maintain areegjrupon margin. The payoff of a

variance swap is therefore given by,
Nvar(RV[,Hr _SW,'[+T)’ ) (1

where Ny, denotes variance notional, also called variancigs,uiRV; ¢4, is the
annualized realized variance over the life of thetact, andSW,, is the delivery

price quoted at time for the variance, also known as the variance sved@ with

maturity att + 7.

Since variance swaps cost zero at entry, no ageitraquires that the variance

swap rate must be equal to the msdutral expected value of the realized variance,
SWi+r = E2(RVpar). (2)

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

measur&). The variance risk premium at perio then defined as,
VRR" = E( RY,,)~ SW,. 3)

where EF() is the timet conditional expectation operator under the physica

probability measur®. If investors price variance risk, the varianceapwate 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 contractherS&P 500 index. Daily
variance swap rates on five different maturitiesrfrJanuary 4, 1996 to January 31,
2007 were obtained from the Bank of America. We meinthly data by using the
guotes on the last day of each month. Our estimatfahe realized variance employs



intra-daily returns on the S&P 500 index observie80aminute intervals, from 9 a.m. to
3 p.m. For each month in our sample, we computerdéladized variance for each
maturity 7 of a variance swap contract €1, 2, 3, 6, and 12 months) using quadratic

changes on the value of the S&P 500 index,

2
RV 47 = LE(M] , (4)

|=1 Ft,| -1

whereL is the number of 30-minute intervals comprisedhia interval (;t+7). We

work with variance swap rates and realized variamegercent numbers.

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

VRP,as the difference between the realized varianddlaswap rate,
VRFt),Hr = RVt,t+r - SV\{,Hr . (5)

Some of our tests also employ the log return fandpéng in the variance swap
contract. Then, we also denote

RV, 1+
VIP ., = Iog[ SV\? J 6) (
T

Clearly, in both cases the variance risk premiuronly known at timet + 7,

since the realized variance is only observed aetiteof the swap contract.

Figure 1 displays variance swap rates and reaNze@dnce 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 stockst
is clear that investors are willing to accept ansgigantly negative return to long
variance swaps on the S&P index in exchange fondodiedged against future
unexpected volatility shocks. Therefore, shortirzgiance swap contracts in the S&P
index generates significantly positive average sgaeturns during our sample period,

since the variance risk premium can be seen aethm on holding the variance swap

! Driessen, Maenhout, and Vilkov (2009), and Vilk@008) show that the variance risk premium for
stock indices are systematically larger, i.e., moggative, than for individual securities. Theyuwdhat
the variance risk premium can in fact be intergtete the price of time-varying correlation risk.



contract. Panel A of Table 1 reports descriptiaistics of theVRR,,, for alternative

t+r
maturities. The variance risk premium is alwaysateg on average, and it becomes
more negative with maturity. Panel B of Table lomp the correlation coefficients
between the variance risk premia at any two differeaturities. Correlations between
variance risk premia at adjacent maturities aré,hiigbilitating for faraway maturities.
The correlation matrix suggests the existence déast two factors in the structure of

variance risk premiur.

We obtain nominal consumption expenditures on noatgla goods and services
from NIPA Table 2.8.5. Population data is takenfrdlIPA Table 2.6, and the price
deflator is computed using prices from NIPA Tabl8.2 with basis on year 2000. All
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. Then, monthly series of cumulative giowates for the five maturity
intervals (,t +7) are computed for non-durable consumption andicesyas well as

for the number of employees.

Stock market data is taken from Kenneth French’ls page. Monthly data on

value-weighted stock market portfolio returnR,() and the risk-free rateRs ) were

deflated using the consumption price deflator. I¢e aollect the size and value Fama-
French risk factorsSMBandHML). Price-dividend ratio in logP) is computed from
the original series in Robert Shiller's web pageddifionally, yields for the 10-year
Government Bond, the 1-month T-Bill, and the Moa&lBaa Corporate Bond have

been obtained from the Federal Reserve StatiRieldase.

We compute three state variables based on intextest. Ry STATEIis the risk-

free rate after having subtracted its average thesfast twelve months as a measure of
trend. TERMis a term structure slope, computed as the diifardetween the 10-year
Government Bond and 1-month T-Bill yieldBEFAULT is the difference between
Moody’s yield on Baa Corporate Bonds and the 10-@mvernment Bond yields. We

% This is consistent with the formal analysis comea in Egloff, Leippold, and Wu (2007), and Amerigua
(2009). They show that two factors are needed ptuca the term structure variation of the variassap
rates. The first factor controls the instantaneearsance rate variation, while the second represth
level to which the variance reverts. Todorov (2088ws for both stochastic volatility and jumpskie
reflected in the variance risk premium.



compute monthly series of cumulative returns c@uesling to the five maturity
intervals of the variance swap rates for the markeirn, the risk-free rate, the three

Fama-French factors, and; STATE We also compute innovations corresponding to

the five maturity intervals for the price-dividemdtio and theTERM and DEFAULT
variables as the residual in a regression of eamtable at montht+7 on the

observation at month®

Finally, we also use a market-wide illiquidity icdior based on the aggregate
illiquidity ratio proposed by Amihud (2002)as the ratio of the absolute daily return
over the dollar volume for a given stock, whiclctlgsely related to the notion of price

Rjdl

impact, llliq jd = oV : where‘Rj d‘ is the absolute return of asge&in dayd, and
b o . Y
jd

DVol; 4 is the dollar volume of assgtluring dayd. This measure is averaged monthly

and across alN available stocks to obtain the market-wide illigtydneasure for each

montht,

g, :%iED—l%miq j,dj, (7)

j=1 it d=1

where D+ is the number of days for which data about sfamle available in month®

As with previous variables, a measure of markejuitlity innovations was obtained as

the residual from a regressionItify m,t+. on lMlig m.°

% Similarly, Rt STATEcan be interpreted as the innovation in the risk-interest rate.

* The main advantage of Amihud’s illiquidity ratis that it can be easily computed using daily data
during long periods of time. Moreover, HasbroucR(Q®) shows that, at least for US data, Amihud’ie rat
better approximates Kyle's lambda relative to caimgemeasures of illiquidity.

®> 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.

® To have numerical values closely resembling uoftsates of returns, the residuals of the illiqtydi
measure are standardized by dividing by ten tirhes sample standard deviation and adding one. See
Marquez, Nieto, and Rubio (2009) for further destail



4. The Deter minants of the Variance Risk Premium, Non-Nor mality and Economic
Risks

To interpret the large negative magnitude of theanmge risk premium across
different horizons we employ the pricing model r@beproposed by Chabi-Yo (2009).
He obtains a stochastic discount factor in whickkewness and the market volatility
risk factors are endogenously determined. His madah extension of the coskewness
models of Rubinstein (1973), Kraus and Litzenbe(@876), and Harvey and Siddique
(2000) in which the expected risk premium for abyck is determined not only by
coskewness but also by the co-movement betweeménket volatility and the return
on the stock. Also this pricing expression explcilepends on the cross-sectional
average of investor risk tolerances and on the htetyaverage of investor skewness

preferences.

An implication of the Chabi-Yo’s asset pricing deb, especially relevant for
our purposes, is that negative skewness and higbasexkurtosis, 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 volatility with treguared market return generates an
even more negative variance risk premium. Undes thiodel, the variance risk

premium is given by,

VRRr = Ao+ A (0wt o7 Star) ¥4 sk wer (Kwesr = 1)+ Vol wer +€
(8)
where g, S, ,K,, represent the conditional standard deviation, d@rdil skewness,

and conditional kurtosis of the market return resipely, computed over the time

interval described by the subindices,,,,, = Coy, (a\f,t’w,R,ZVW,)/Vart(J\f,t’w) and

>0, A <0 and <0.
SKD oL

Results from the estimation of equation (8) arerel in Table Z.We use two
alternative measures for the moments entering dspendent variabledirst, we
calculate realized volatility, skewness and kugoBom 30-minute intra-daily data

" In order to reduce space, and for all the testhisfsection (Tables 2, 3 and 4), we only proviesults
regarding three swap maturities, 1, 6 and 12 morithe results related to the other two horizons are
available upon request.



between 9 a.m. to 3 p.m. on S&P 500 index retwnshie time interval defined by each
swap maturity. Estimation results related to them@ple (unconditional) moments are

reported in Panel A of Table 2.

Alternatively, since moments in equation (8) aréaict conditional moments, we
follow the approach in Ledn, Rubio, and Serna (3@0%stimate conditional variance,
skewness, and kurtosis. The authors suggest estgna Gram-Charlier series

expansion of the Normal density function for théure innovation. Their model is

given by,

Rui = B-1(Ru)* @ ¢=( @)

& =owt. 1(0.9 . & /l-1=( Oaﬁw)

G = Bo+ B 1+ BI G 1 9)
Swt = Yo+ V1Te 1+ Y 2Swe 1

Kwt =0+ 077t 1+ 0K we 1

It must be noted thatSy;, Ky are now the conditional moments of the
standardized residua} = € /oy - The Gram-Charlier series expansion of the Normal
density function for the standardized innovatioantated at the fourth moment is,

JUAISYE ¢(m){1+%(n€” _3’7t)+K\IZr—t!_3(’7t4_ a7+ 3)} =g(m)¥ (m),  (10)

where ¢(r7;) denotes the standard Normal probability densitycfion, while ¥ (1)
denotes the fourth order polynomial in bracket$li@). As in Ledn, Rubio, and Serna
(2005), we follow the suggestion in Gallant and dren (1989) to transform the

o(m)¥? (m)

expression (10) into an actual density functiordbfining f (/7t|lt_1) = r
t

S, (Kwe=3)” . - 5 -
where [ =1+ 3|t + 41 is the integral ofg(fyt||t_l) over 0°. The resulting

function is everywhere positive and integrates rie.dHence, except by constants, the

10



log-likelihood function for each observation frorhet conditional distribution for

& = Oywilt. IS given by’

1 1
It = —§|n U\/2Vt _—2/7':2 +In (‘:Utz(ﬂt)) —-In /_t (11)

Estimation results using these conditional momemnésreported in Panel B of
Table 2.

Panel A of Table 2 reports OLS estimates from aqoaf8), autocorrelation-
robust standard errors in parenthesis, andRtsgquare for three different maturities of
the variance swaps: 1 month, 6 months and 12 moties overall fir of the model
increases with the maturity, as thesquared statistics indicate. Regarding the
individual estimated coefficients, we first notathat the 1- and 6-month horizons, the
cross product of volatility and kurtosis is theyoaariable with a statistically significant
coefficient and the negative expected sign. Otlengs equal, as more volatility
uncertainty is expected in the market in the foifnmigher kurtosis, the variance swap
rate becomes higher and the variance risk premiwre megative. At the shortest
horizon, the coefficient associated with the crpgsduct of volatility and skewness is
estimated with very little precision. As the timerizon increases, the estimated
coefficient in this cross product increases draflficalthough it is not estimated with
precision. On the other hand, the estimated efiéthe cross product of volatility and
kurtosis is quite stable but a loss of precisiorakems its statistical significance at the

longest horizon.

Panel B of Table 2 provides the estimation resfrtbsn equation (8) using
conditional moments. Unfortunately, in this cases tross products that constitute the
independent variables in equation (8), which anmesttocted as part of the estimation
procedure, turn out to be strongly and negativelyetated, which precludes us from
analyzing in detail the estimates of individual fficeents since they lack the required
precision to be safely interpreted. For this reasamonly provideR-squared statistics.
The use of the conditional moments estimates presluniuch highemRR-squared

coefficients in the estimation of equation (8);tutns out that the cross products of

8 To reduce numerical problems when estimating @) restrict the constant terms in the equations for
each of the three conditional moments to take tbeg-run values.

11



conditional volatility time skewnesso{:Sy;) and kurtosis Gy Kywi—1)) explain

approximately 30 percent of the variability of theriance risk premium at the different

horizons.

The overall evidence of Table 2 suggests that #m@ance risk premium may be
generated by the desire of investors to hedge sigdaeviations from Normality in the
higher order moments of the distribution of returiidien, it seems natural to ask
whether the fears that make the variance risk prento be negative and high —the fear
to deviations from Normality- are also related tanslard measures of financial and

macroeconomic risks. To pursue this analysis we estimate the following regression

Yt+r = A0+ A (0wt er Swiar) A skd@ wir (K wir = 1)+ A Vol wer + 4 42
(12)

where the dependent variablé) (represents a specific type of economic or financi
risk. We consider different state variables grouped three kinds of risk: equity

market risk, interest rate risk, and business cyidk. The first group of variables

contains the three Fama-French (1993) facthFg—Rf,SMB HML) and the

innovation in the price-dividend ratid®D). In the second group we consider three

variables related to the interest rate risk: thetfiations in the detrended level of the

risk-free real interest ra(Rf STATE), the surprises in the slope of the vyield curve

(TERM), and the innovations in the default premiudEEAULT). Finally, we use the
growth rate of per capita real aggregate non-darabhsumption, the total employment
growth rate, and the innovations in the market-witlquidity measure as business

cycle indicators.

Results from the estimation of equation (12) aresented in Table 3.
Consistently with Table 2, it has two panels. Eaties in Panel A refer to regressions
using unconditional moments while Panel B reposults from regressions employing
conditional moments. In this second case, we onbywide theR-squared statistic of

each regression because of the co-linearity probleentioned above.

Table 3 shows that, generally speaking and fotwlwepanels, all risk indicators
present low explanatory power at the shortest baribut this overall fit increases

12



substantially with the time horizon. To mentioneavf theR-squared statistic ranges
from 0.109 to 0.577 for default risk in Panel Adanom 0.238 to 0.517 for illiquidity
risk in Panel B. Both panels provide consistestlts since they show thBEEFAULT
and llliquidity are the risk factors that tend to be more closeyelated with the
moments of the returns distribution for all anaty$®rizons. Also both panels indicate
that the market risk premium, the detrended rigle-frate, and the employment growth
rate display high values for thesquared at longer horizons. As in the case oféabl
for the same regressioR-squared is higher when moments of the distributoa
estimated conditionally. Interestingly enough.tinei set of moments seems to contain

much information on the two Fama-French risk fastor

To further illustrate the two most consistent rielaships presented in Table 3,
Figure 2 displays the actual values of illiquiddaynd default risks at the 12-month
horizon with respect to their fitted values accogdio regression (12) using conditional
moments as explanatory variables. It is striking #bility of the non-Gaussian
determinants of the variance risk premium to expthe overall trend and some of the

fluctuations in illiquidity and default risk.

An additional and important issue needs to be addck We should provide a
more precise analysis on whether it is skewnegsiosis the more important moment

explaining the different risk indicators, as wedltae variance risk premium.

The results in Panel A of Table 3 show that cogffits associated to one or both
variables related to skewness and kurtosis areststatly significant depending upon
the dependent variable and the horizon while, mega, the third explanatory variable
in equation (12) seems not to be relevant. Howewvenrder to analyse which cross
product (either skewness or kurtosis) is the exgitany variable with more information
content, we estimate again a set of regressiorelb@s equations (8) and (12) in which
one of the three explanatory variables is excludeédquared statistics from these
estimations are presented in Table 4. The firstkbio this table refers to the estimation
of equation (8) (with the variance risk premiumthae dependent variable) while the
following blocks refer to the estimation of equatig¢l2) for the four dependent
variables with the highe&-squared in Table 3. For comparability, the fimt/rin each
block also provides thB-squared from the estimation of the full regressRagarding

the variance risk premium, we find very similardamce at the shortest and medium

13



horizons. The cross-producky( K\yt—1) dominates the overall explanatory of these

regressions. This is not surprising given the siatl significance of the coefficients
associated with the cross-product of kurtosis amdtiity shown in Table 2. Things are
not so clear for 12-month horizon, where both skesgnand kurtosis seem to contain

relevant and distinct information on the varians& premium.

Regarding the rest of dependent variables, withetteeption of the market risk
premium at the 1-month horizon, thB-squared drops substantially when we take

owt(Kwi—1) out of the regression. Specifically, for the 12ntho horizon as an

example, th&r-squared of 0.314 for the market risk factor drp6.253 if we take the

owtSwt Cross-product out of regression (12). It dropsessentially zero if we drop
owt( Kwi—1) from that regression, and it only falls to 0.301ve take thewy,; term

out of the regression. In this case, the relevaridde cross product of volatility and
kurtosis is largest. For the other risk indicataes have similar evidence: tiiesquare

of 0.577 in the full regression fADEFAULT risk drops to 0.462, 0.017 and 0.575,
respectively, th&k-squareof 0.351 for employment growth drops to 0.310,2@.@nd
0.273, respectively, thR-squareof 0.350 for the llliquidity risk factor drops @336,
0.087 and 0.341. The evidence seems to be quitstent across alternative dependent
variables. The cross-product of kurtosis and vithatis a key determinant of the

variability of aggregate financial and macroecononsks.

5. The Hedging Performance of the Variance Risk Premium against Economic
Risk Factors

Up to this point, we have found evidence that tlaiance risk premium
responds to changes in higher order moments ofdisteibution of market returns,
suggesting that the variance swap may offer hedgganst time variation and non-
Normality in the distribution of returns. But thendar evidence we have found for
standard indicators of different types of risk amaggests that we may be able to
identify specific types of risk against which varia swaps may offer coverage. In fact,
it looks as if the kurtosis term is the more rel@vexplanatory power both in (8) and
(12), which only reinforces the suggestion to diserelate the variance risk premium to
the factors for different types of economic andafioial risk. To analyze the ability of

14



the variance swap contract to hedge the variousstgb aggregate risk, we estimate the

regressions,
Vrpt,t+r = a+ﬂl Xt,t+r +£t,t+r (T :17 2' 3’ 6’ and 12)! (13)

where X is a vector of variables representing a specyfpetof economic or financial
risk. The time indexes in (13) reflect the facttth@ are looking for the possibility that
the variance swap offers advanced coverage for thek may materialize over the

maturity life of the swap contract.

In consistency with the previous section, we cassithree sources of risk:
equity market risk, interest rate risk, and bussnegle risk. The hedging ability of the
variance swap against the equity market risk coimges the definition of the contract.
The basic intuition behind the variance swap ig ihaesting in volatility appears
attractive because volatility shocks are known ¢onlegatively correlated with stock
index returns. Thus, adding volatility exposureato equity portfolio should improve
risk diversification. In that sense, we would expgaegative relationship between the
variance risk premium and any indicator of stocklketrisk. Moreover, the volatility
of a stock market index increases during recess®mghat a variance swap contract
will provide the desired protection if the varianggk premium is higher in anticipation
of these stressed periods. For that reason weaalslyze the relationship between the
variance risk premium and variables representifdgerotypes of risk as proxied by
interest rates or business cycle indicators. lukhte noted that if the variance swap
fulfils its role as a hedge against volatilitywitll bear a negative relationship with any
variable indicating “good news”, and a positiveateinship with any indicator of “bad

news”.

The first group of variables considers the changéhe market index, as the
main source of equity risk, but also the size aaldier risk factors of Fama-French and
the innovation in the price-dividend ratio, as aiddial sources of market risk. We
report the estimation results for different matasf and for the equity risk group,
X =[R,- R, ,SMB,HML,PD], in Panel A of Table 5. We are interested on ype t

of risk embedded in the two Fama-French factors diniend yield that is different
from the main source of risk, generated by stockketafluctuations. Hence, we take
the residual of a linear projection of each ofttivee factors on the market index returns

15



as the size, value, and dividend risk componeittogdnal to market risk. As with the
market index itself, we expect a negative relatmmsbetween the variance risk
premium and the estimated components of size aht Vfactors, and of the price-

dividend ratio that are orthogonal to the markeem

Given our previous evidence, it seems reasonabkexpect that the variance
swap may also provide protection against interest risk. The second group of
variables considers three potential sources ofbaded on interest rates. First, we take
fluctuations in the detrended level of the riskefreal interest rate as the main indicator
of interest rate risk, the trend being definedhesaverage level of the real rate over the
last year. Interpreting increases in this variaddad news, we would expect a positive
relationship with the variance risk premium. Weoadmalyze whether the variance risk
premium maintains a negative relationship with ssgs in the slope of the yield curve
and a positive relation with the innovations in thefault rate, which could indicate
protection against a potential company default. nrhe
X =[R;STATE, TERM, DEFAULT and estimation results are presented in Panel B

of Table 5. Again, we take the components T®iRM and DEFAULT which are
orthogonal to the main source of risk in this grolgfined byR: STATE

Finally, we consider the possibility that the vaga swap might provide a hedge
against negative developments in the business .cy¢&e use the growth rate of per
capita real aggregate non-durable consumptionl, ¢éotployment growth rate, and the
market-wide illiquidity surprises as business cyiddicators. In this case, we analyze
the relationship between variance risk premium @ach one of these three variables
individually and the estimation results are repwiite the three sections of Panel C of
Table 5. We expect a negative relationship betvieervariance swap premium and the
future growth rates of the two macroeconomic indicg and a positive relation with

our measure of aggregate illiquidity shocks.

Before analyzing the results, it bears pointing thatt the use of innovations to
the risk indicators over the maturity of the swamtcact is crucial in our analysis. We
are searching for possible evidence that the vegiaisk premium agreed upon at tilme
might anticipate future surprises in the differeisk indicators betweehandt+z. In
general, the correlation will be higher betweenhaance risk premium and the risk

indicator itself, but it might be argued that swdrrelation is spuriously producdxy
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the persistence in the risk indicators calculatedr @ months. To avoid that justified
criticism, we correlate the variance risk premiunthvthe innovations or surprises in

risk indicators.

Generally speaking, results show widespread evaémdavor of the variance
swap playing a significant role as a hedge againariety of risks. Panel A of Table 5
shows the variance risk premium to be strongly meghtively related to market returns
at all maturities. It also shows a negative refalop with changes in the difference
between returns to firms with high and low bookatarket ratio, with changes in the
difference between market returns to small andeldirghs, and with the price-dividend
ratio. These are the components of the Fama anaclrrEl993) factors and price-
dividend ratio that are unrelated to market returddence, the negative estimated
coefficients suggest that the variance swap mayigeoa significant hedge not only
against market risk, but also against the specdimponents of size and value aggregate
risks, as well as against shocks to the dividemcep@atio which are not correlated with
the market indeX.A difference between the shorter and the longeuriis is the fact
that for the former, variance risk premium seems rédate closely to future
developments in the market index and in the prigaend ratio, with the two Fama-
French factors not adding significant informatidi. the two longest maturities, the
situation reverses, and the variance risk premiisplays significant correlation with
future unexpected changes in the two Fama-Freratborfa in addition to that contained
on the market index. The last row in Panel A digpltheR-square from a regression
that uses the market excess return as the onlameary factor, showing that the hedge
possibilities against risks other than unexpectbdnges in the index return are

significant for the shorter and longest horizons.

Panel B of Table 5 reports the evidence regardimgreést rate risk. The
difference between the real interest rate ovemthturity of the variance swap and the
average level of the real rate over the last ye#s as a proxy for an interest rate
surprise, expecting a positive relationship witl #ariance risk premium. This does not
seem to be the case for any maturity, althoughctwedficients are estimated with low

precision. A flattening of the term structure isolim to anticipate a recession, so we

° In regressions not reported in this paper, we eynfile price-dividend ratio by itself, rather thast its
orthogonal component to the market index to cheb&ther the price-dividend is a more appropriate ris
factor than the market index itself. It turns obatt variance swap premia seem to anticipate future
fluctuations in the price-dividend ratio at leastveell as fluctuations in the market index.
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would expect a potentially negative relationshipasen the variance risk premium and
the innovation in th& ERMfactor. Finally, a positive relationship betweée variance
risk premium and surprises in tiEFAULT factor is expected. It should be recalled
that we use the innovations in boffERM and DEFAULT state variables, after
extracting from them the information which is conmto fluctuations in interest rates.
Over the whole spectrum of maturities considerld,variance risk premium seems to
anticipate future fluctuations IDEFAULT but not iInTERM thereby suggesting that
variance swaps may provide a better hedge agatfiatld risk than against changes in
the slope of the yield curve. The comparisorRefquares at the bottom of Panel B of
Table 5 shows that the correlation of the variansle premium with the specific risk

component iDEFAULT s very significant®

Panel C of Table 5 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 exdatye shortest one. Hence, long
positions on the variance swap contract seem taggaonsurance not only with respect
to market equity risk, but also to real macroecoicamsks. It might be thought that the
correlation we present is spurious, being the cmgion growth a proxy for conditions
in the stock market or for the level of interesesa However, an additional analysis, not
included in the paper, suggests that this is net dase, since there is correlation
between the variance risk premium and consumptiowttp which is additional to the
correlation between the variance risk premium awith lthe stock market and the level
of interest rate&® Similar results are obtained when we use employmgmwth as an
indicator of business cycle risk. The variance psgmium hedges employment risk at
the intermediate and longest horizons. Finally,uwhBance swap seems to also provide
hedge against aggregate illiquidity risk. The residhow a positive and strongly
significant relationship between the variance pskmium and innovations to aggregate
illiquidity for all horizons. Interestingly, thisgsitive relationship is maintained if we
also add the market return on the regressionshatomarket-wide illiquidity seems to

be an additional risk factor over and above marik&t

% The last row in Panel B of Table 5 reports Fagquared statistic from a single regression thasickers
RSTATEas the only explanatory variable.

1 This is potentially interesting from the point wiEw of asset pricing, since any equilibrium model
would imply a correlation between the excess retmnthe swap, captured here by the variance risk
premium, and consumption growth.
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By and large, the evidence in this section is =best with that presented in
Section 4. It indicates that the variance risk puemis able to anticipate different kinds
of risk embedded in traditional state variablesctBrsks go beyond the type of risk in
stock market returns or in the level of interes¢saln addition to those, we believe that
it is especially interesting the consistent cotretes we have provided between the
variance risk premium andEFAULT risk at the different horizons and as well as with

indictors of business cycle risks.

6. Tests of Mean-Variance Spanning with the Variance Swap asthe Test Asset

In previous sections we have found evidence suigest significant hedging
ability in variance swaps against a variety of g/pé risk. Since this includes market
risk, as well as interest rate and macroeconomiglss,r our findings suggest that
variance swaps may be intrinsically different fretandard assets as represented by the
stock market index or corporate and government bgeldls. If this were the case,
variance swaps would not be redundant assets ad ttiey would contribute to

improve the investment opportunity set. We tes hyipothesis in this section.

To formally test our hypothesis, we conduct a mearance spanning te%t.
The idea of this test is simple. A setkbfbenchmark assets spans a larger sét+éf
assets if the two sets of assets share the sameunmnvariance frontier. Then, thé
assets are dominated by tkeassets or, equivalently, an investor that hatlassets

cannot benefit by investing in the additional delN@ssets.
More formally, let R =[R, R]' be a N+K)-vector of returns on th&

benchmark assetsR{) and on theN test assets R,). And let #=E(R) and

V =Var(R) be the vector of mean returns and the covarianagimof returns,

respectively. The set of the benchmark assets sharset of the benchmark assets plus
the test assets if and only if two restrictionsdhol

H,:a=0,,0=0, 14}

2 Huberman and Kandel (1987) were the first author®rmalize this issue as a multivariate statigtic
test, but we follow the implementation in Kan arttbd (2008).
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whered =1, - B, anda is the intercept angB the slope of the projection d&, on
R,. From the two-fund separation theorem it is pdesib interpret the null hypothesis

in equation (14) in terms of characteristics of thagency portfolio and the global

minimum variance portfolio on the minimum variarfcentier obtained with thé&l + K

assets. Specificallyg =0,, implies that the tangency portfolio has zero wtsgh the
N assets, and =0, implies that the global minimum variance portfolhas zero

weights in theN assets.

Jobson and Korkie (1989) rewrite the likelihoodaaest statistic for the null
hypothesis of spanning initially proposed by Hubannand Kandel (1987) in order to
provide a geometrical interpretation. For the aaisa single test asset, the test statistic

is,

1+d
FTKl(j +/ “10% Ry (15)

1+%

where c=1,,, V™., d=ac-, a=u'V*'u, b=1, V*'u, for the full set of

assetsN+K). The corresponding four constants for the seéheK benchmark assets:
c,, d,, a and b are defined similarly. The first factor inside tBquared bracket
compares the standard deviation of the global mininvariance portfolios on the two

minimum variance frontiers, witlK assets and witiN+K assets, while the second

parenthesis compares the two tangency portfoliahemlternative frontiers.

Finally, it is also possible to compare the two imum variance frontiers
following a step-down procedutdThe step-down procedure is a sequential test whose

first step consists of testing whether=0,,, while the test of 5 =0, conditional on

a =0, is conducted in the second step. To test0, we use the statistic:

FF(T‘K‘NJ("" aljD‘f}F o (16)
N 1+3a

13 See Anderson (1984) for a general description & pinocedure, and Kan and Zhou (2008) for a
particular application to an international data set
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And to testd =0,, conditional ona =0, we employ the statistic given by,

F2=(T—K—N+1j c+d (1+a1J_1 01 P (rkone a7
N q+d )\1+a e

We apply the spanning test for the comparison b&twbe minimum variance

frontier generated by four assets (the stock marikkix, the Aaa corporate bond yield,
the Baa corporate bond yield, and the 10-year gwwent bond yield) and the
minimum variance frontier that is obtained when a¢kl the variance swap. Results

regarding both the global and sequential tests@mné&ined in Table 6.

Results from the global test, in the left panelwlthat the traditionaF-test
rejects spanning at conventional significance evet all horizons. Figure 3 offers an
illustration of the competing minimum variance ftiens for one- and six-months
horizons. In order to analyse the sources of #jexction, we also conduct the sequential
test with the first row testing for the restrictitimat the tangency portfolio has a zero
weight in the test asset, and the second row tg$tinthe restriction that the global
minimum variance portfolio has a zero weight in ttagiance swap. We can conclude
that while the tangency portfolio can be improvedal horizons, the evidence is
particularly strong at the longest horizons. On toatrary, the strong evidence of
improving the investment opportunity is associatetth the global minimum portfolio
rather than with the tangency portfolio at the gégirhorizons. In any case, in all types
of tests, we systematically reject spanning, sugggshat the variance risk premium

contains incremental relevant information not ied in the benchmark assets.
7. Conclusions

We have shown that the variance risk premium demdiht horizons responds to
fears by investors to time-varying deviations frolormality in returns. We have also
provided evidence that some indicators of defasit, illiquidity risk and business cycle
risks are statistically related to the same demmetifrom Normality. This common
influence suggests that the variance swap is andiah instrument that may offer
coverage against financial and macroeconomic riskgge they also respond to similar
deviations from Normality. Indeed, we show that ¢éixeess return on the variance swap

contract hedges against equity market risks, istei@e and business cycle risks. We
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regard as particularly interesting the correlatwa have documented between the
variance risk premium and future surprises in défaud business cycle risk indicators.
Since variance swaps offer hedge for risks othan the market, we test for spanning,
systematically rejecting the null hypothesis. Thigygests the variance risk premium
contains incremental relevant information not id&d in the chosen benchmark assets,
which consist of corporate and government bonddgiend the S&P market portfolio
return. Hence, the variance swap contract enhatimsnvestment opportunity set

available to investors relative to equity and bgisdds.
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Tablel
Variance Risk Premia: Descriptive Statistics

Panel A: Descriptive Statistics
VRP1 VRP2 VRP3 VRP6 VRP12
Mean -0.646 -0.635 -0.659 -0.694 -0.736
Median -0.697 -0.682 -0.719 -0.751 -0.734
Maximun 0.834 0.952 0.841 0.706 0.441
Minimum -1.556 -1.612 -1.631 -1.576 -1.600
Panel B: Linear Correlations
VRP1 VRP2 VRP3 VRP6 VRP12
VRP1 1 0.793 0.659 0.402 0.224
VRP2 1 0.910 0.650 0.453
VRP3 1 0.798 0.574
VRP6 1 0.793
VRP12 1

VRPis the variance risk premium associated with therahtive horizons of the variance swap contract
going from 1 to 12 months. It is computed asdi#erence between the ex-post realized variandbeat
end of the swap contract and the observed variswee rate
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Table?2
The Sour ces of the Variance Risk Premium

Panel A: Unconditional Moments

=1 month 7 = 6 months =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)
Asio -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: Conditional Moments

=1 month 7 = 6 months =12 months

R 0.303 0.222 0.297

The table reports results from the estimation efftilowing regression

VRR+r =+ Aw (Owepr Swear) * A skd@ wer (Kwer = 1)+ vl wer +€ 40 7=16,12

where VRR,; is the Variance Risk Premium computed asdifference between the ex-post realized

variance at the end of the swap contraet)(and the observed variance swap ratg., S, , and K,

represent the standard deviation, the skewnesshenlurtosis of the market return, respectivelyd an

V= Cow(avzvm, F{;,H) / Va[(aim). In Panel A, all three moments are estimated witta-daily data

within the period corresponding to the swap maguilt month, 6 months or 12 months). Each row in

this panel reports the estimates and their corretipg standard error in parentheses. The last sahei

R-squared of the regression. In Panel B, the threments are estimated using a GARCH framework

from equations (8)-(10). In this case, Raquared of each regression is the only reportase.
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Table3

The Relationship between the M oments of the Returns Distribution and State Variables

Panel A: Unconditional Moments

7 =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)
R, - R Aseo -1.189 (1.206) -2.982 (0.757) -3.440 (0.862)
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) 0.41 (0.457) 0.736 (0.387)
Ay 18.11 (10.29) 10.32 (8.827) 10.30 (8.515)
SMB Asko 0.682 (0.996) 0.304 (0.692) 0.353 (0.691)
Aol -0.841 (0.609) -0.43 (0.503) -0.829 (0.357)

29 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 Ao -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)
PD Aseo -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)

29 0.103 0.084 0.117
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)
R, STATE | A, -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)

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 ko -0.018 (0.013) 0.060 (0.037) 0.167 (0.052)
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 | Ago 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
Constant 0.205 (0.031) 0.193 (0.024) 0.172 (0.025)
A 0.782 (0.690) -0.403 (0.486) 0.361 (0.551)
g‘r)gvf,;’hmpt"’” Aso -0.169 (0.089) -0.088 (0.039) -0.053 (0.045)
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)
Ay -0.010 (0.257) -0.809 (0.664) -1.313  (0.924)
Err';ﬁ’/\',‘t)gme”t Ao -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

26




7 =1 month 7 = 6 months 7 =12 months
Constant -5.945 (2.116) -24.94 (7.772) -44.61 (10.12)
_ Ay -4.638 (36.24) 168.0 (166.8) 218.0 (231.0)

éﬁgd'('gq- Ao 15.01 (3.849) 4490 (12.41) 7433 (13.57)

AoL 1.201 (1.571) 5.440 (8.405) 8.228 (9.065)

R 0.092 0.212 0.350

Panel B: Conditional Moments
7 =1 month 7= 6 months 7 =12 months

Ry — R 0.031 0.202 0.185
SMB 0.026 0.206 0.099
HML 0.025 0.079 0.077
PD 0.050 0.133 0.064
R, STATE 0.007 0.104 0.185
TERM 0.015 0.053 0.041
DEFAULT 0.207 0.517 0.579
Consumption
Growth 0.014 0.118 0.274
Employment
Growth 0.014 0.139 0.244
Agg. llliq.
Shocks 0.238 0.427 0.517

The table reports results from the estimation efftilowing regression

Yerrr = Ao+ Aw (Oweer Swigr )+ skd wer (K wee = 1)+ vél wee +€ 40, 7=1,6,12
The dependent variabley () changes for each row as indicated in the firkirom of the table: the excess
market return R, — R, ), the size premiumSMB), the value premiumHML), the price-dividend ratio
(PD), the relative risk free rateR; STATH, the slope of the yield curvdERM), a default premium

(DEFAULT) computed as the difference betweBaa corporate bonds and government bonds, the
aggregate consumption growth rate, the employmeowty rate, and an aggregate measure of the
illiquidity shocks. g,,, S, , and K, represent the standard deviation, skewness artdsksirof the

market return, respectively, ang, = Coq(a\fm, R\f,ﬂ)/ Va[(asm) . In Panel A, all three moments are

estimated with intra-daily data within the periaatresponding to the swap maturity (1 month, 6 menth
or 12 months). Each row in this panel reports thiinwtes and their corresponding standard error in
parenthesis. The last row is tResquared of the regression. In Panel B, the threments are estimated
using a GARCH framework from equations (8)-(10)tHis case, th&®-squared of each regression is the
only reported statistic.
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Table4
Contribution of each M oment of the Return Distribution to the Explanation of the Variance Risk
Premium and some State Variables

=1 month 7= 6 months 7 =12 months
A Askor AvoL 0.074 0.157 0.180
VRP Askor Avor 0.071 0.144 0.062
Aw s AvoL 0.004 0.081 0.110
Aw i Asko 0.073 0.113 0.145
A Askor AvoL 0.192 0.210 0.314
R, - R Askor Avor 0.004 0.170 0.253
A Aol 0.185 0.035 0.000
Aw i Asko 0.191 0.203 0.301
A Askor AvoL 0.109 0.354 0.577
DEFAULT Askor Mo 0.055 0.299 0.462
AwsAvoL 0.051 0.039 0.017
A Asio 0.103 0.352 0.575
A Asor AvoL 0.055 0.268 0.351
Employment /]SKD,/]VOL 0.055 0.245 0.310
Growth Aw s AvoL 0.024 0.043 0.024
Aw i Asko 0.023 0.197 0.273
A Askor AvoL 0.092 0.212 0.350
Agg. lllig. Askor dvor 0.092 0.195 0.336
Shocks A Avor 0.011 0.056 0.087
Aw i Asko 0.089 0.205 0.341

The table reportR-squared statistics from the estimation of theofeihg regressions
VRR 7 =+ Aw (Owesr Sweer) + 4 skd@ wir (Kwer = 1)+ vol wer +€ <

Yeerr =40 *Aw (Owier Swiar) 4 skd @ wir (Kwer — 1) 4 VoL wee +€ <00 7=1,6,12
The dependent variabley(), indicated in the first column of the table, Fetvariance risk premium
(VRB), the excess market returR( - R, ), a default premiumEFAULT), computed as the difference

betweenBaa corporate bonds and government bonds, the empldygremwth rate, and an aggregate
measure of the illiquidity shocks. For each grofipesults, the first row reports tiiesquared of the full
equation (considering the three explanatory vaesbIThe following three rows report tResquared of

a regression including two out of the three explamnavariables, which are indicated in the second
column of the table. As beforez,,, S, , and K, represent the standard deviation, skewness and

kurtosis of the market return, respectively, and= Cow(a\fm, F@VH) / Va[(aﬁm). All moments have
been estimated with intra-daily data within theipeicorresponding to the swap maturity.
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Tableb
The Hedging Ability of the Variance Swap Contract

Panel A: Equity Risks
7 =1 month 7 =2 months 7= 3 months =6 months =12 months
R, - R -4.601 -8.388 -11.918 -16.619 -14.496
(0.693) (0.881) (1.105) (1.654) (2.285)
SMB* -1.227 -1.486 -2.377 -3.271 -8.901
(0.876) (1.144) (1.405) (2.160) (3.366)
HML* -2.084 -2.245 -2.829 -4.576 -6.218
(1.156) (1.345) (1.565) (1.955) (2.831)
PD* -3.774 -2.582 -1.787 -0.390 0.656
(1.167) (0.885) (0.835) (0.609) (0.434)
Adj. R 0.316 0.440 0.488 0.456 0.316
Adj. R ( Ry) 0.226 0.388 0.461 0.436 0.216
Panel B: Interest Rate Risks
7 =1 month r=2months t=3 months =6 months t=12 months
R. STATE -7.847 -19.606 -38.780 -80.000 -244.260
f (19.158) (24.392) (30.352) (38.780) (53.830)
TERM * -21.730 -22.376 -33.299 31.790 3.179
(91.193) (75.001) (72.335) (53.665) (51.890)
DEEAULT * 1617.06 1186.73 1151.29 1096.42 575.440
(368.39) (223.26) (178.07) (121.51) (106.31)
Adj. =3 0.131 0.193 0.272 0.423 0.311
Adj. R (R,) -0.007 -0.004 0.002 0.024 0.151
Panel C: Business Cycle Risks
7 =1 month 7 =2 months 7= 3 months =6 months =12 months
Consumption -11.39 -75.95 -142.15 -280.11 -301.63
Growth (13.73) (23.92) (31.98) (42.00) (52.08)
Adj. R -0.002 0.065 0.125 0.249 0.199
Employment -37.46 -54.67 -89.87 -119.61 -140.84
Growth (28.16) (32.47) (34.58) (35.06) (34.63)
Adj. R 0.006 0.027 0.043 0.078 0.115
Agg. lllig. 0.961 0.995 0.972 0.935 0.629
Shocks (0.228) (0.165) (0.153) (0.143) (0.126)
Adj. R 0.125 0.232 0.254 0.271 0.184

This table reports the slope coefficients, autcdation-robust standard errors in parentheses,Rand
squared coefficients from therp, ., =a + 8" X, +&,,.,,» Wherevrp, ., is the log return on holding a
variance swap with maturity ittz. In Panel A, equity risk is analyzed by considerfogr variables
included in vectoX: innovations in the excess market retL(mN - Rf), the size premiumSMB), the
value premium KIML), and the price-dividend ratid®D). In Panel B, we analyze the relationship
between the variance risk premium and three vagat#presenting interest rates risk: innovatiorthién
relative risk free rate R, STATH, the slope of the yield curveTERM and a default premium
(DEFAULT). All variables marked with * indicate that we &athe residuals relative to the main source of
risk: market return in Panel A and the risk fretermn Panel B. The secord]. R line refers to the
regression that includes only the main sourcesf ais explanatory variable. Panel C reports thanbss

cycle risk coefficients corresponding to simple Olegressions with consumption growth, employment
growth, and an illiquidity shocks measure, respetyi as the only independent variables.
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Table6
Tests of M ean-Variance Spanning with the Variance Swap asthe Test Asset

r=1 month r=2months =3 months =6 months 7=12 months
Global Test:
H 0=00=0 22.300 21.653 20.785 21.978 34.808
o ' (0.000) (0.000) (0.000) (0.000) (0.000)
Step Down Test:
) H,:a=0 11.871 13.529 15.942 29.145 60.766
0 (0.001) (0.000) (0.000) (0.000) (0.000)
Cx _ 30.167 27.123 22.950 12.141 6.033
2)H,:0=0/a=0 (0.000) (0.000) (0.000) (0.001) (0.015)

These spanning tests compare the minimum variacgidr of four assets (the stock market index, the
Aaa corporate bond index, the Baa corporate boddxinand the 10-year government bond) with the
minimum variance frontier of five assets (the fquevious assets plus the variance swap). From the
minimum variance frontier of the five assets=0is a restriction that implies that the tangencytfotio

on the minimum variance frontier has a zero weighte test asset (the variance swap) anl0 is a
restriction that implies that the global minimunmrigace portfolio has a zero weight in the test asse
Then, the first column reports the results for ghebal test while second column reports resultsfthe

two steps of a step down test. For all cases, itise iumber is the test statistic and the number in
parentheses is thevaluefrom its finite sample distribution.
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Figurel
Variance Swap Rate and Realized Variance for Different Maturities
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Figure?2
Actual vs. Fitted Values of 11liquidity and Default Risks against Non-Nor mal Deter minants of the
Variance Risk Premium at the 12-month Horizon
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Figure3

Minimum Variance Frontierswith and without the Variance Swap
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