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This paper analyzes the cross-sectional and time-series behavior of the
volatility risk premia betas at the portfolio level. These betas show a mo-
notonic relation with respect to the magnitude of the volatility risk pre-
mium payoffs. Moreover, portfolio conditional volatility risk premia
betas increase significantly in recessions. In particular, these betas tend
to increase significantly with default premium, market betas and the
HML and SMB Fama-French risk factors. On the other hand, conditional
betas tend to decrease when industrial production growth, consumption
growth, the market excess return, and the momentum factor increase.
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he objective of this paper is to understand the cross-sectional and time-

varying behavior of volatility risk premia betas for a sample of 20 volatility

risk premia-sorted portfolios. This is a first step to future research on the

determinants of the cross-sectional variation of the volatility risk premia.

The huge literature on the equity return betas contrasts dramatically with
the lack of information regarding the behavior of volatility betas. The main contri-
bution of this paper is to cover, at least partially, this gap.

Since the seminal paper of Bakshi and Kapadia (2003a), the market variance
risk premium has been reported to be negative on average during alternative sam-
ple periods'. Since the payoff of a variance swap contract is the difference between
the realized variance and the variance swap rate, negative returns to long positions
on variance swap contracts for all time horizons mean that investors are willing to

(*) The authors acknowledge financial support from the Ministry of Economics and Competitiveness
through grant ECO2012-34268. Ana Gonzalez-Urteaga also acknowledges financial support from
EC02012-35946 and Gonzalo Rubio from Generalitat Valenciana grant PROMETEOII/2013/015.
The authors thank Rafael Santamaria (the Editor), and two anonymous referees for helpful comments
that substantially improved the contents of the paper. They also recognize the expertise help and ad-
vice of Francisco Sogorb.

(1) For empirical evidence about the negative variance risk premium on the market index, see Carr
and Wu (2009) and the papers cited in their work.
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accept negative returns for purchasing realized variance?. Equivalently, investors who
are sellers of variance and are providing insurance to the market, require substan-
tial positive returns. This may be rational, since the correlation between volatility
shocks and market returns is known to be strongly negative and investors want pro-
tection against stock market crashes.

Along these lines, Bakshi and Madan (2006), and Chabi-Yo (2012) theoretically
show that skewness and kurtosis of the underlying market index are key determinants
of the market variance risk premium. Indeed, Bakshi and Madan (2006), Bollerslev,
Gibson, and Zhou (2011), Bekaert, Hoerova and Lo Duca (2013) and Bekaert and
Hoerova (2013) argue that the market variance risk premium is an indicator of ag-
gregate risk aversion. A related interpretation is due to Bollerslev, Tauchen, and Zhou
(2009) and Drechsler and Yaron (2011) who interpret the market variance risk pre-
mium as a proxy of macroeconomic risk (consumption uncertainty). They show that
time-varying economic uncertainty and a preference for early resolution of uncer-
tainty are required to generate a negative market variance risk premium. Zhou
(2010) shows that the market variance risk premium significantly predicts short-run
equity returns, bond returns, and credit spreads. Consequently, he argues that risk pre-
mia in major markets comove in the short-run, and that such a comovement seems
to be related to the market variance risk premia. Campbell, Giglio, Polk, and Tur-
ley (2014), using an intertemporal CAPM framework, argue that covariation with ag-
gregate volatility news has a negative premium. Finally, Nieto, Novales, and Rubio
(2014) show that the uncertainty that determines the variance risk premium —the fear
by investors to deviations from Normality in returns— is also strongly related to a va-
riety of macroeconomic and financial risks associated with default, employment
growth, consumption growth, stock market and market illiquidity risks. At this
point, it is fair to argue that we understand the behavior of the market variance risk
premium, and its implications for financial economics.

However, it is surprising how little we know about the variance risk premium
at the individual level. Bakshi and Kapadia (2003b) show that the variance risk pre-
mium is also negative in individual equity options. However, Driessen, Maenhout,
and Vilkov (2009) show that the variance risk premium for stock indices is system-
atically larger, i.e., more negative, than for individual securities. They argue that the
variance risk premium can in fact be interpreted as the price of time-varying corre-
lation risk. They show that the market variance risk is negative only to the extent that
the price of correlation risk is negative. In a related paper, Buraschi, Trojani, and
Vedolin (2014) argue that the wedge between index and volatility risk premia is ex-
plained by investors disagreement. Hence, the greater the differences in beliefs
among investors, the larger the market volatility risk relative to the volatility risk pre-
mium of individual options. Even these papers are particularly concerned with the
behavior of the market variance risk premium despite the fact that data at the indi-

(2) A variance swap is an OTC derivative contract in which two parties agree to buy or sell the re-
alized variance of an index or single stock on a future date.

(3) More specifically, Bekaert, Hoerova, and Lo Duca (2013) show significant interactions be-
tween monetary policy and the market variance risk premium which suggests that monetary policy
may impact aggregate risk aversion.
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vidual level is employed. An analysis and the understanding of the time-series and
cross-sectional behavior of the variance risk premium at the individual level is
missing in previous literature. We argue that the first step to understand the individual
variance premium is to study the main drives of volatility risk premia betas.

This paper analyzes the volatility risk premium (sVRP hereafter) at the indi-
vidual level*. We employ daily data from OptionMetrics for the S&P100 index op-
tions and for individual options on all 181 stocks included at some point in the
S&P100 index during the sample period from January 1996 to February 2011. We
employ options with expiration from 6 to 60 days. We calculate the sVRP for each
stock at the 30-day horizon as the difference between the corresponding realized
volatility and the model-free implied volatility described in Jiang and Tian (2005).
At each month, we rank available individual sVRP on all stocks with at least 15 daily
observations according to the sVRP in the last day of each month. Then, we construct
20 equally-weighted-sVRP-sorted portfolios to analyze the behavior of the sensitivity
(betas) of the portfolio volatility risk premia to aggregate factors, including the mar-
ket volatility risk premium, estimated on the S&P 100 index option.

We find a strong and significant commonality among the sVRP across all 20
portfolios. The sVRP betas with respect to the market sVRP are all positive and sta-
tistically significant. On top of that, we report a perfectly monotonic relation between
the average sVRP of the 20 portfolios and their corresponding sVRP betas, with the
more negative sVRP portfolios presenting the lowest beta and the more positive sVRP
portfolio having the highest sensitivity to the market sVRP. Moreover, the conditional
sVRP betas of portfolios 1 (the portfolio with the most negative sVRP), 5, 10, 15, and
20 (the portfolio with the most positive sVRP) are significantly higher in recessions
than during normal times although these differences are especially large for the two
extreme portfolios. Overall, the conditional sVRP betas of our 20 portfolios are si-
multaneously explained by the market return betas of the portfolios, the market ex-
cess return, industrial production growth, consumption growth, the default pre-
mium, and Fama-French HML, SMB, and momentum factors.

This paper is organized as follows. Section 1 briefly describes the variance swap
contract and defines the variance and volatility risk premia, while Section 2 contains
a description of the data. Section 3 discusses the model-free implied variance and
the estimation of the sVRP. Section 4 contains the basic empirical results using un-
conditional sVRP beta estimates. In Section 5, we report the evidence about condi-
tional sVRP betas. Section 6 concludes.

(4) Rather than working with realized variances and variance swap rates, we first take the square
root of both measures and then we take the difference between them. As discussed by Carr and Lee
(2007, 2009), due to the concavity s price impact associated with Jensen s inequality, the differ-
ence between the value of a variance swap and the value of a volatility swap depends on the
volatility of volatility of the underlying. If we recognize this potential bias and adjust our estimated
volatility risk premia accordingly, the dispersion between the volatility risk premia across portfo-
lios remains. The average volatility risk premium of portfolio P1 becomes slightly less negative,
and the volatility risk premium of portfolio P20 slightly more positive. See Burashi, Trojani, and
Vedolin (2014) for a similar approximation.
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1. VARIANCE AND VOLATILITY SWAP CONTRACTS

In a variance swap, the buyer of this forward contract receives at expiration a
payoff equals to the difference between the annualized variance of stock returns and
the fixed swap rate. The swap rate is chosen such that the contract has zero present
value which implies that the variance swap rate represents the risk-neutral expected
value of the realized return variance:

EE(RV.c) = SWioc (1]
where E? (-) is the time- conditional expectation operator under the risk-neutral mea-
sure O, RV _ is the realized variance of asset (or portfolio) a between 7 and 7+7, and

SW? ., is the delivery price for the variance or the variance swap rate on the under-

lying asset a. The variance risk premium of asset a is defined as:

VRP® ., = ErP (RVt,atH)_EfQ (RV:’”) [2]

1E+T

On the other hand, at expiration, a volatility swap pays the holder the difference
between the annualized volatility and the volatility swap rate:

Lt+T L+T

N, (sRVS, —sSW/..). (3]

where sRV/',, . is the realized volatility of asset a between ¢ and r+7, sSW;’,, _ is the
fixed volatility swap rate, and N,,; denotes the volatility notional®. This paper ana-
lyzes the behaviour of volatility risk premia betas. We therefore define the volatil-
ity risk premium of asset a as follows,

sVRP'

1+T

=E/(sRV!,.)- E2(sRV,.) [4]

1+T
2. THE DATA

We employ daily data from OptionMetrics for the S&P100 index options and
for individual options on all stocks included in the S&P100 index at some point dur-
ing the sample period from January 1996 to February 2011. This gives a total of 181
stocks used in our estimations. From the OptionMetrics database, we take all put and
call options on the individual stocks and on the index with time-to-maturity between
6 and 60 days. Given that the options are American-style, it is convenient to work
with short-term maturity options for which the early exercise premium tends to be
negligible®. We select the best bid and ask closing quotes to calculate the midquotes
as the average of bid and ask prices, rather than actual transaction prices in order to
avoid the well known bid-ask bounce problem described by Bakshi, Cao, and Chen
(1997). In selecting our final option sample, we apply the usual filter requirements.
We discard options with zero open interest, with zero bid prices, with missing delta

(5) Carr and Lee (2009) provide a survey of the methodologies for pricing and hedging volatility
derivative products.

(6) See the evidence reported by Driessen, Maenhout, and Vilkov (2009) who employ a similar
database.
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or implied volatility, and with negative implied volatility. We also ignore options with
extreme moneyness; puts with Black-Scholes delta above -0.05 and calls with delta
below 0.05. Finally, regarding the exercise level, we employ out-of-the-money op-
tions using puts with delta above -0.5, and calls with delta below 0.5.

It seems reasonable to expect that aggregate macroeconomic variables and mar-
ket-wide portfolios extensively used by researchers when explaining the time series
and cross-sectional behavior of excess equity returns should also be the relevant fac-
tors to estimate volatility risk premia betas. This is the main criterion we follow when
collecting our data. As our option data, the market return for the S&P100 index, and
individual stock prices and dividends are also taken from OptionMetrics, while port-
folio return data is taken from Kenneth French s web page. In particular, we collect
monthly data on the value-weighted stock market portfolio return, the risk-free rate,
the SMB and HML Fama-French risk factors, and the momentum factor denoted as
MOM. As the measure of market-wide liquidity, we employ the Pastor-Stambaugh
(2003) liquidity proposal which is based on daily regressions for individual stock ex-
cess returns over the market return in a calendar month,

Re,m

o+l

=a+bR, +g [ sign (Rj’:’) J DVol, +e; .., (5]
where R';,, denotes the return of stock j over the market return. Pastor and Stam-
baugh (2003) aggregate g across stocks and scale it for growing dollar volume. They
finally propose the innovations as the final measure of liquidity’. The intuition is that
high volume moves prices away equilibrium and they rebound the following day which
suggests that g is typically negative.

Additionally, yields for the 10-year Government Bond, the 1-month T-Bill, and
the Moody’s Baa Corporate Bond have been obtained from the Federal Reserve Sta-
tistical Release. We compute two state variables based on interest rates. Term is a
term structure slope, computed as the difference between the 10-year Government
Bond and 1-month T-Bill yields, and Default is the difference between Moody s yield
on Baa Corporate Bonds and the 10-year Government Bond yield.

We collect three alternative series of monthly macroeconomic growth, and the
price deflator rate. We obtain nominal consumption expenditures on nondurable
goods and services from Table 2.8.5 of the National Income and Product Accounts
(NIPA) available at the Bureau of Economic Analysis. Population data are from
NIPA’s Table 2.6 and the price deflator is computed using prices from NIPA’s Table
2.8.4, with the year 2000 as its basis. All this information is used to construct monthly
rates of growth of seasonally adjusted real per capita consumption expenditures on
nondurable goods and services. Monthly data for the industrial production index are
downloaded from the Federal Reserve, with series identifier G17/IP Major Indus-
try Groups. Finally, we use aggregate per capita stockholder consumption growth
rate. These three macroeconomic series are available from January 1960 to December
2011. Exploiting micro-level household consumption data, Malloy, Moskowitz,
and Vissing-Jorgensen (2011) show that long-run stockholder consumption risk ex-

(7) The monthly series are available in Lubos Pastor s web site.
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plains the cross-sectional variation in average stock returns better than the aggregate
consumption risk obtained from nondurable goods and services. On top of that, they
report plausible risk aversion estimates. They employ data from the CEX for the pe-
riod March 1982 to November 2004 to extract consumption growth rates for stock-
holders, the wealthiest third of stockholders, and non-stockholders. In order to ex-
tend their available time period for these series, they construct factor-mimicking
portfolios by projecting the stockholder consumption growth rate series from March
1982 to November 2004 on a set of instruments, and use the estimated coefficients
to obtain a longer time series of instrumented stockholder consumption growth. They
use a small growth portfolio (average of the two smallest size, two lowest BE/ME
portfolios) from the 25 Fama-French portfolios, a large growth portfolio (average of
the largest size, two lowest BE/ME portfolios), a small value portfolio (average of
the two smallest size, two highest BE/ME portfolios), and a large value portfolio (av-
erage of the two largest size, two highest BE/ME portfolios) as instruments. Using
the estimated coefficients of this regression, they generate a factor-mimicking port-
folio for stockholder consumption growth from July 1926 to November 2004. In this
paper, we employ the reported estimated coefficients by Malloy, Moskowitz, and
Vissing-Jorgensen (2011) to obtain a factor-mimicking portfolio with the same set
of instruments for stockholder consumption from January 1960 to September 2012.

3. MODEL-FREE IMPLIED VOLATILITY AND THE ESTIMATION
OF THE VOLATILITY RISK PREMIUM

Britten-Jones and Neuberger (2000) first derived the model-free implied volatil-
ity under diffusion assumptions. They obtain the risk-neutral expected integrated vari-
ance over the life of the option contract when prices are continuous and volatility is
stochastic. Jiang and Tian (2005) extends their paper to show that their method is also
valid in a jump-diffusion framework and, therefore, their methodology is considered
to be a model-free procedure®.

We calculate the model-free implied variance denoted as MFIV,',, by the fol-
lowing integral over a continuum of strikes:

2Cr . (K)/B(t,t+7)—max(S;/B(t,t+7) - K.0)
=2'(|)' e

MFIV'

1,t+7T

dK, [6]

where C/',,, (K ) is the spot price at time ¢ of a T-maturity call option on either asset
or index a with strike K, B(t, ¢ + 7) is the time 7 price of a zero-coupon bond that pays
$1 at time ¢ + 7, and S is the spot price of asset a at time t minus the present value of
all expected future dividends to be paid before the option maturity. Expression [6] can

be approximated accurately by the following sum over a finite number of strikes,

MFI‘/t,at+T = 2[ gf,tﬂ' (Kj)+ ng“’ (Kf") i| AK’ [7]

m
1

(8) See Ait-Sahalia, Karaman, and Mancini (2012) for the description of the procedure to detect
the priced jump component in variance swap rates.
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where

(Kmax - Kmin)
m

AK = , K, =K, +jAK for j=0,1,...,m, [7.a]

and
~ Ct..(K,)/B(t.+7)—max ( S;/B(t.t+7)-K,.0)
= i

gza,t+1 (K/) [7b]

For each time-to-maturity from 6 to 60 days, we calculate the model-free im-
plied variance on each day for each underlying that has at least three available op-
tions outstanding, using all the available options at time . For the risk-free rate, we
use the T-bill rate of appropriate maturity (interpolated when necessary) from Op-
tionMetrics, namely the zero-coupon curve. For the dividend rate for the index we
employ the daily data on the index dividend yield from OptionMetrics. To infer the
continuously compounded dividend rate for each individual asset, we combine the
forward price with the spot rate used for the forward price calculations. We obtain
the mean continuously compounded dividend rate by averaging the implied Op-
tionMetrics dividends. Finally, we annualize the model-free implied variance using
252 trading days in a calendar day.

The specific implementation follows the approach of Jiang and Tian (2005). It
is well known that options are traded only over a limited number of strikes. In prin-
ciple, expression [7] requires prices of options with strikes K forj=0, 1, ..., m. How-
ever, the corresponding option prices are not observable because these options are
not listed. We apply the curve-fitting method to Black-Scholes implied volatilities
instead of option prices. Prices of listed calls (and puts with different strikes) are first
transformed into implied volatilities using the Black-Scholes model, and a smooth
function is fitted to the implied volatilities using cubic splines®. Then, we extract im-
plied volatilities at strikes K; from the fitted function. Finally, we employ equation
[7] to calculate the model-free implied variance using the extracted option prices.

It is sometimes the case that the range of available strikes is not sufficiently large.
For option prices outside the range between the maximum and minimum available
strikes, we also follow Jiang and Tian (2005) and use the endpoint implied volatility
to extrapolate their option prices. This implies that the volatility function is assumed
to be constant beyond the maximum and minimum strikes'?. Finally, discretization
errors are unlikely to have any effect on the model-free implied variance if a suffi-
ciently large m, beyond 20, is chosen. In our case, we employ an m equals to 100.

At each time ¢, we focus on a 7= 30-day horizon maturity, interpolated when
necessary using the nearest maturities 7; and 7, following the procedure of Carr and
Wu (2009). The interpolation is linear in total variance:

(9) As pointed out by Jiang and Tian (2005), the curve-fitting procedure does not assume that the
Black-Scholes model holds. It is a tool to provide a one-to-one mapping between prices and im-
plied volatilities.

(10) Jiang and Tian (2005) discuss this approximation error and the (different) truncation error that
arise when we ignore the tails of the distribution across strikes. In our case, and in order to avoid the
truncation error, we use 3.5 standard deviations from the spot underlying price as truncation points.
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wrrve < L MV (7= 7)+ MFIV, 7 (7 - 7))
4 (7’-2 - T )

(8]

1Lt+T

In this paper we work with volatilities, so that we take square root of the model-
free implied variance to obtain the model-free annualized implied volatility as:

SMFI‘/ti#»T = \/ MFI‘/[?I+‘L’ [9]

For each day in the sample period, we also calculate the realized variance over
the same period 7 as the one which implied variance is obtained for that day, that is,
for 30 days, requiring that no more than 14 returns be missing from the sample:

1<
RVt{,lHr = ;Zr)‘is > [10]
s=1

where r denotes the rate of return adjusted by dividends and splits. As before, we an-
nualized the realized variance and we take the square root to obtain the realized

volatility:
SR‘/t,aH-‘L' = \' R‘/t,at+‘r [l 1]

Finally, for each asset and the index, we calculate the volatility risk premium,
sVRP, at the 7= 30-day horizon as the difference between the corresponding real-
ized and model-free implied volatility:

SVRP:HT = SR‘/t‘,lt+T - SMFIV;;H, [12]
We next construct 20 equally-weighted-sVRP-sorted portfolios. Using the
sVRP at the last day of each month, we rank all sVRP from the lowest to the high-
est!!. Portfolio 1 contains the assets with the lowest sVRP, while Portfolio 20 includes
the securities with the highest sVRP. All portfolios have approximately the same
number of securities, and the asset must have at least 15 daily observations to be in-
cluded in the portfolios. Figure 1 displays the temporal behaviour of the sVRP for
portfolios 1, 10, 20, and also the sVRP for the market index. For practically all months
of the sample period, Portfolio 1 has a negative sVRP. On the contrary, Portfolio 20
has, most of the time, a positive sVRP. Note that we display the sVRP of the mar-
ket using options written on the S&P100 index, so that the series contained in Fig-
ure 1 is not the cross-sectional average of the individual sVRP. In all series, the pos-
itive peaks coincide with periods of high realized volatility.

(11) We repeat the ranking procedure employing the average sVRP during the month. However,
since market return data at the monthly frequency employs transaction prices observable during the
last day of the month, this research follows the same criterion for the sVRP data.
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Figure 1: VOLATILITY RISK PREMIA FOR EXTREME AND INTERMEDIATE
PORTFOLIOS AND THE MARKET: JANUARY 1996-FEBRUARY 2011
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Source: Own elaboration.

4. UNCONDITIONAL VOLATILITY RISK PREMIA BETAS

Although, we calculate expression [12] on each day during the sample period,
the first column of Table 1 reports the average sVRP calculated at monthly frequen-
cies for each of the 20 portfolios, and also for the market sVRP. All of these figures
are given on annualized terms. As expected, given the well known evidence provided
among others by Carr and Wu (2009), the market sVRP is, on average, negative and
equal to 1.4%. The averages of the sVRP for the alternative portfolios reflect the con-
struction criterion described in the previous section, with an average sVRP of -21.3%
for P1, and 28.6% for P20. The magnitude of the cross-sectional differences is rather
striking 2. These averages reflect that investors have very different volatility invest-
ment vehicles depending on whether they go long or short on volatility. We tend to
identify the purchase of volatility as a hedging instrument against potentially large
stock market declines. However, the evidence reported in Table 1 suggests that, on
average, going long on volatility can also report substantial (ex-post) gains depend-
ing on the portfolio on which investors buy volatility. The average annualized sVRP
obtained directly from daily data present a very similar pattern although the range of
averages sVRP is smaller, and it goes from -16.4% to 19.9%. The standard deviations
of the sVRP of the 20 portfolios suggest that portfolios with high and positive aver-
age sVRP and, on the other hand, the portfolio with the lowest average sVRP are the

(12) These magnitudes are also relevant from an economic point of view. During the same sample
period, VIX is approximately 22% on annual basis. The sVRP of the extreme portfolios is about
the same order of magnitude or even higher. Using equation (3), and for a notional of $100,000,
the monetary loss for purchasing P1 over the full sample period is as high as $1,600,000.
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most volatile portfolios. Figure 1 also reflects the highly volatile behavior of the sVRP
of P20, followed by the relatively smoother behaviour of P1.

The last column of Table 1 contains the sVRP betas of each of the portfolios rel-
ative to the sVRP of the market index. Using monthly data, we estimate a market
model type of OLS regression of the following form:

[13]

m
1,t+7

sVRP'. =a+ B sVRP", _+¢

Lt+7T Lt+T t+7

where sVRP,, . is the volatility risk premium of each of the 20 portfolios, and sVR

is the volatility risk premium of the market index from January 1996 to February
2011. In all cases, we employ HAC robust standard errors. The portfolio sVRP be-
tas follow a monotonic relation with respect to their average sVRP. Portfolios with
high and positive sVRP also have high sVRP betas suggesting a very highly sensi-
tive behavior relative to the market volatility risk premium. Indeed, the range of sVRP
betas goes from 0.55 for P1 to 2.51 for P20. The cross-sectional differences in sVRP
betas are surprisingly high given the cross-sectional differences in the average
volatility risk premia.

Table 1 also reflects that portfolios P15 to P20 have, on average, a positive
sVRP, and a volatility risk premium beta higher than one. As pointed out above, the
behavior of portfolio P20 is particularly interesting. Its average sVRP and beta are
28.6% and 2.51 respectively. Table 2.A contains the correlation coefficients between
alternative sVRP portfolios and the sVRP of the market. Panel A employs monthly data
while Panel B displays the results with daily data. As expected, independently of the
frequency used, the correlation between portfolios P1 and P20 is the lowest among all
possible pairs and, given the evidence from Table 1, the overall pattern of the rest of
correlation coefficients seems reasonable. The only exception is that the correlation be-
tween P20 and the sVRP of the market is lower than the correlations for the interme-
diate portfolios. Table 2.B reports the correlation between the sVRP of the market and
several macroeconomic and financial indicators. The correlation between the excess
market return and the market sVRP is negative and equals to -0.273. This is well known
and implies a negative correlation between market returns and realized market volatil-
ities. Thus, going long on the market sVRP provides a hedging investment vehicle for
moments of extremely high market volatility. However, the compensation for this hedg-
ing strategy is, on average, negative. In this sense, the average behavior of portfolios
P15 to P20, and especially the results associated with portfolio P20 are very surpris-
ing. To go long on market volatility gives a positive payoff in high marginal utility
events with the corresponding negative average payoff. To go long on portfolio P20
provides a very strong hedging strategy because the volatility risk premium beta is even
higher than two. When the realized market volatility is high, the realized volatility of
this portfolio is much higher. This suggests that, on average, the payoff from going long
on this portfolio in high marginal utility events is extraordinarily high. On top of this,
the average payoff of portfolio P20 is also high and positive. Going long on this port-
folio not only provides a very strong hedging instrument but positive average gains.
Naturally, this contrasts with the negative and large average payoff of portfolio P1. Sell-
ers of volatility should buy portfolios with negative average payoffs and positive volatil-
ity risk premium betas, and buyers of volatility should buy portfolios with positive av-
erage payoffs and very high and positive volatility risk premium betas.
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Table 2.A: CORRELATION COEFFICIENTS BETWEEN VOLATILITY RISK PREMIA
FOR REPRESENTATIVE PORTFOLIOS, JANUARY 1996-FEBRUARY 2011

Panel A: P5 P10 P15 P20 Market
Monthly Correlations sVRP
P1
0.743 0.663 0.579 0.397 0.472
P5
1 0.971 0.906 0.643 0.760
P10
1 0.969 0.734 0.813
P15
1 0.827 0.844
P20
1 0.725
Panel B: P5 P10 P15 P20 Market
Daily Correlations sVRP
P1
0.685 0.679 0.550 0.364 0.560
P5
1 0.876 0.785 0.573 0.725
P10
1 0.848 0.685 0.804
P15
1 0.758 0.778
P20
1 0.684

Source: Own elaboration.

Our previous evidence may be due to the fact that other aggregate factors, over
and above the market sVRP, may explain the behavior of the sVRP of our 20 portfo-
lios over time. Table 3 contains the 20 sVRP betas controlling for well known ag-
gregate risk factors. The robustness of the magnitudes of the sVRP betas reported in
Table 3 is striking. Independently of the factor (or factors) employed in the regres-
sion, portfolio P1 has a particularly low beta while P20 has a very high volatility risk
premium beta. The monotonic relation between the sVRP betas and the average volatil-
ity risk premium of the twenty portfolios is maintained across all aggregate factors.

Panels A and B of Table 3 considers market wealth, represented by the return on
the market, and either consumption growth of non-durable goods and services or
stockholder consumption growth. In Panel A, when we add either the market portfolio
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or stockholder consumption to explain the behavior of portfolio P1, we find that both
betas are significantly different from zero with slight increases in the adjusted R? and
with a larger impact on the sVRP beta when we add the market portfolio instead of
stockholder consumption. The sVRP beta of portfolio P1 rises from 0.55 to 0.60 when
we employ the market return as an additional explanatory variable. However, its beta
with respect to the market sVRP remains the lowest among all 20 portfolios. The sVRP
betas of portfolios P2 and P3 with respect to the market return are also statistically
significant, but this is not the case for stockholder consumption. However, for the rest
of portfolios, neither stockholder consumption nor the market portfolio return has a
significantly different from zero betas. Once we control for the market sVRP, either
market return or stockholder consumption growth does not explain the variability of
the sVRP for portfolios P4 to P20. On the other hand, even after controlling for the
sVRP market betas, aggregate consumption growth has a positive and significant beta
for portfolios P1 to P18. The only exceptions are portfolios P19 and P20 which are
very sensitive to fluctuations in the market sVRP. Aggregate consumption growth
seems to be an important state variable to explain the variability of volatility risk pre-
mia across portfolios. Overall, it seems to be more relevant than the market portfo-
lio return itself. Volatility risk premia are sensitive to macroeconomic conditions rep-
resented by aggregate consumption growth. In Panel B of Table 3 we run regressions
using the three explanatory variables at the same time. The main conclusions remain
the same. Together with the market sVRP, aggregate consumption is a key factor to
explain the behavior of volatility risk premia across our 20 portfolios. As before, only
extreme sensitivity market sVRP portfolios are not statistically related to consump-
tion growth. We conclude that neither the excess market portfolio return, nor stock-
holder consumption seem to be relevant factors from a global perspective when ex-
plaining the variability of volatility risk premia at the portfolio level.

In Panels C.1 and C.2 of Table 3, we employ interest rate-based factors to ex-
plain the variability of volatility risk premia. Panel C.1 also considers market-wide
equity liquidity as an explanatory variable, but it does not seem to be a significant
factor. Although the term premium has a significant sVRP beta with respect to the
first four portfolios, the general conclusion of these panels is that default premium
is a second key state variable explaining the volatility risk premia across portfolios.
In most cases, the default beta is negative and statistically significant even control-
ling for the market sVRP. Surprisingly, however, the default volatility risk premium
beta becomes positive for portfolios P19 and P20. Once again, the time-series be-
havior of extreme sVRP portfolios is very different. The same results hold when we
control for both consumption and market sVRP simultaneously. In the last column
of Panel C.2, we observe that, for most portfolios, the three explanatory variables,
that is to say, market sVRP, aggregate consumption growth and default premium are
statistically significant state variables in explaining the variability of volatility risk
premia across our portfolios. The adjusted R? goes from 0.45 for portfolio P1 to more
than 0.70 for portfolios P5 to P18.

Finally, Panels D.1 and D.2 of Table 3 employ the Fama-French risk factors and
the momentum factor together with aggregate consumption growth. Panel D.1 reports
statistically significant volatility risk premia betas with respect to the momentum fac-
tor, even controlling for the market sVRP. None of the other Fama-French factors seem
to be relevant in explaining the variability of volatility risk premia. However, when
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we add consumption growth in Panel D.2, the statistical significance of the momen-
tum factor completely disappears. Once again, consumption growth is a key macro-
economic variable related to the behavior of the portfolio volatility risk premia'3.

Overall, we conclude that portfolio volatility risk premia are explained by the
market sVRP, consumption growth, and default premium. The unconditional betas
of these state variables are, in most cases, statistically different from zero even when
we employ all three explanatory variables simultaneously. This is an important re-
sult, not previously reported in literature, where most research has analyzed the mar-
ket volatility risk premium ignoring the potential cross-sectional differences among
individual or portfolios volatility risk premia.

5. CONDITIONAL VOLATILITY RISK PREMIA BETAS

5.1. The time-varying behavior of volatility risk premia betas

We now estimate conditional (rolling) betas of our 20 sVRP-sorted portfolios
using daily data of the previous 60 trading days for both the portfolios and the mar-
ket volatility risk premium. At each day d from April 1, 1996 to February 28, 2011,
we estimate the following rolling regression with daily data:

sVRP/ =a” + 8" sVRP," + ¢, [14]

The daily estimates of betas of each portfolio, ﬁ”, are averaged across all days
for a given month and a given portfolio, to obtain conditional monthly betas of each
of the 20 portfolios. Figure 2 displays the time-series behavior of the monthly con-
ditional beta estimates for 5 representative portfolios namely P1, P5, P10, P15, and
P20. As in the case of the volatility risk premia, the conditional betas of extreme port-
folios P1 and P20 are very volatile. This is especially the case for the conditional be-
tas of portfolio P20. Panel A of Table 4 reports the conditional betas for all 5 port-
folios over the sample period using both averages from monthly betas and averages
directly taken from daily data. The averages of the estimates of conditional betas tend
to be lower than the unconditional betas reported in Table 1. A surprising exception
is portfolio P1 whose unconditional beta is 0.55 while the average of its conditional
beta is 0.81. The volatility of conditional betas over the sample period is consistent
with the visual impression of Figure 2. The standard deviation of portfolios P1 and
P20 are higher than the standard deviation of the remaining portfolios, with portfo-
lio P20 having the highest volatility of conditional betas. The results are very sim-
ilar using either monthly or daily data.

Given that we know every month the companies entering into each of the sVRP-
sorted portfolios, we can calculate their portfolio returns in order to estimate the con-
ditional market betas of the 5 portfolios. We employ a similar procedure as the one

(13) It is well known that equity return betas with respect to aggregate consumption growth tend
to be very low and estimated with little precision. Equity returns are much more volatile than con-
sumption growth. This is of course the source of the equity premium puzzle. However, volatility
risk premia are much less volatile than the corresponding equity return portfolios but, at the same
time, they closely follow a business cycle pattern. This may explain the significance results report-
ed in Table 3 regarding consumption growth.
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Figure 2: CONDITIONAL VOLATILITY RISK PREMIA BETAS FOR REPRESENTATIVE
PORTFOLIOS: APRIL 1996-FEBRUARY 2011

Betas
N
,
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Dates
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Source: Own elaboration.

described above for the estimation of conditional volatility risk premium betas. In
the last two columns of Panel A of Table 4, we report the average market beta of these
portfolios, as well as the average systematic risk of the portfolios calculated as the
ratio of the product of the squared market beta times the variance of the market port-
folio to the variance of each portfolio. The pattern of the average market betas across
all 5 portfolios follows exactly the pattern of the volatility risk premia betas. In both
cases, the lowest beta is for portfolio P5, while the highest beta is for portfolio P20.
Both the volatility risk premia betas and the market betas have an asymmetric U-
shaped pattern across all 5 portfolios. However, this is not the case for the percent-
age of systematic risk over total risk that present an inverted U-shaped pattern.

Panel B.1 of Table 4 contains the correlation coefficients between the condi-
tional betas of the 5 representative portfolios and key macroeconomic variables given
by the excess market return, aggregate consumption growth, default premium and
the National Bureau Economic Research (NBER) recession indicator. The correla-
tion coefficients between conditional betas are always positive and they become
lower when we move from portfolio P1 to portfolio P20. Moreover, the correlation
coefficients of conditional betas of all 5 portfolios are negative with respect to the
market and consumption growth, and they become positive for default and the re-
cession indicator. Therefore, we may conclude that, on average, conditional volatil-
ity risk premia betas tend to increase in bad economic times.

Finally, Panel B.2 of Table 4 displays the correlation coefficients between con-
ditional volatility risk premia betas, market betas and systematic risk. These corre-
lation coefficients tend to be relatively low, except for portfolio P1 in the case of the
market beta, and for portfolios P1 and P5 for systematic risk. In particular, the cor-
relation coefficient between the conditional sVRP beta and the market beta of port-
folio P1 is 0.34.
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5.2. Volatility risk premia betas over recessions and expansions

We next investigate the behavior of conditional volatility risk premium betas
over recessions and normal/expansion periods using the NBER recession periods.
We employ the following OLS regression with HAC robust standard errors:

CBP, =a+b EXPANSION, + ¢, [15]

where CB,,, is the conditional sVRP beta of portfolio p in month 7, and EXPANSION
is a dummy variable that takes the value of 1 whenever month ¢ does not belong to
the NBER recession dates, and zero otherwise. This implies that the intercept is the
average conditional beta of portfolio p during recessions, and the slope indicates how
conditional betas change in normal/expansion times relative to recession periods. We
also run similar regressions with the volatility risk premia of our 5 portfolios and the
market. Table 5 contains the empirical results. On average, the market sVRP during
recession times is positive but statistically not different from zero. The buyers of
volatility get positive returns during recessions that compensate the average nega-
tive market returns although the average market volatility risk premium is estimated
with little statistical precision. On the other hand, during normal/expansion periods,
the buyers of market volatility get a large and negative average payoff.

Once again, the average sVRP of the 5 portfolios are surprising. For portfolios
P1 and P5, an average negative and statistically significant volatility risk premia is
obtained even during recession periods. In fact, the difference between the volatil-
ity risk premia during normal/expansion times and recession is not statistically dif-
ferent from zero except for portfolio P20. The average payoff of this portfolio is large,
positive and statistically significant even during normal/expansion periods. Buyers
of volatility of this type of companies not only are able to hedge realized return
volatility, but they also get a positive payoffs in both sub-periods.

Conditional sVRP betas of the 5 portfolios maintain the asymmetric U-shaped
patterns during both normal/expansion and recession periods. Volatility risk premia
betas are always positive in both sub-periods. More importantly, in all five cases, the
conditional betas increase significantly during recessions. The percentage increments
of conditional sVRP betas are especially important for portfolios P1 and P20. Both
portfolios become extremely sensitive to fluctuations in the market volatility risk pre-
mium during recessions.

5.3. The overall determinants of the conditional volatility risk premia betas

Given the sensitive behavior of conditional sVRP betas over the economic cy-
cle, this section investigates the overall determinants of the volatility risk premia be-
tas simultaneously across all 20 portfolios and over time. We perform a standard
panel data analysis with fixed effects in order to understand the main drives of con-
ditional volatility risk premia betas'4:

CBpt =Xptﬂ+8pt [16]

(14) The Hausman test rejects the null hypothesis of no correlation between individual effects and re-
gressors.
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where CB,, denotes the conditional betas of all 20 portfolios during each month 7,
and X, are explanatory variables given by aggregate consumption growth, excess
market return, industrial production growth, conditional market portfolio betas, de-
fault premium, size factor, value factor and momentum, respectively. Given that we
have 179 months from April 1996 to February 2011, and 20 conditional beta port-
folios at each month ¢, we have a total of 3580 observations in the panel regression
(16). The macroeconomic explanatory variables are chosen following the evidence
found in previous sections of this paper, with the exception of industrial production
growth that is now included as an additional economic cycle variable. The analysis
employs cluster-robust standard errors.

Table 6: DETERMINANTS OF CONDITIONAL VOLATILITY RISK PREMIA BETAS OF
20 VOLATILITY RISK PREMIA-SORTED PORTFOLIOS, APRIL 1996-FEBRUARY 2011

Conditional Volatility Coefficient ~ Robust Standard Error  t-statistic
Risk Premia Betas
Constant 0.281 0.100 2.82
IPI Growth -5.750 1.586 -3.63
Consumption Growth -3.856 2.191 -1.76
Excess Market Return -1.632 0.126 -12.92
Default 10.046 1.180 8.51
HML 0.635 0.291 2.18
SMB 0.992 0.170 5.82
MOM -0.589 0.182 -3.24
Market Betas 0.356 0.100 3.54
Number of Observations 3580
R-squared: within 0.070
F(8, 19) Statistic (p-value) 87.18

(0.00)
Hausman Test (p-value) 36.36

(0.00)

Panel data regression with fixed effects and robust standard errors of conditional sVRP betas of the
representative sVRP-sorted portfolios on market return betas, macroeconomic, and financial aggre-
gate risk factors.

Source: Own elaboration.

Table 6 contains the results. The estimated coefficients are statistically signif-
icant with the expected sign'?. The slope coefficients associated with aggregate con-

(15) The coefficient associated with aggregate consumption is estimated with relatively low preci-
sion when compared to other macroeconomic variables.
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sumption, excess market return, and industrial production growth, have a negative
sign, while signals of increasing risk in the economy like market betas, default or
even the HML, and the SMB aggregate factors have a positive relation with condi-
tional betas. Increases in any of these two Fama-French factors suggest higher risks
in the economy. Note that value stocks are more pro-cyclical than growth stocks. The
market conditional betas of value stocks tend to rise in economic crisis like the re-
cent great recession. This may explain the positive relation between the HML fac-
tor and conditional betas even after controlling for the excess market return. A sim-
ilar argument applies to small relative to big stocks. This evidence is consistent with
the behavior of conditional sVRP betas during recessions previously reported. On the
other hand, the sign of the coefficient associated with momentum is positive and sta-
tistically different from zero. This suggests that momentum presents a relatively more
similar time-series behavior with the excess market return than with HML or SMB.
Indeed, this is a well known result in asset allocation. The momentum factor tends
to be negatively correlated with the HML factor especially during recession periods.
This explains why asset management companies employ dynamic portfolio strate-
gies combining momentum and HML factors.

6. CONCLUSIONS

It is disturbing how little we know about the behavior of the volatility risk pre-
mium at the individual or portfolio level. Most previous research has been concerned
with the behavior of the market volatility risk premium, but little research is available
either at the time-series or cross-sectional dimensions with respect to the volatility risk
premium of individual securities. This paper fills this gap with special emphasis on
the cross-sectional and time-series behavior of volatility risk premia betas.

The average differences between the sVRP across our 20 portfolios are large. Es-
pecially important is the difference between extreme portfolios. Thus, portfolio P20
not only hedges volatility of the corresponding portfolio return, but it provides a pos-
itive average payoff during the sample period. This contrasts with the large and neg-
ative average payoff of portfolio P1. We first show that portfolio volatility risk premia
are explained primarily by the market sVRP, consumption growth, and default pre-
mium. Then, we show that the cross-sectional variation in either unconditional or av-
erage conditional betas is large and economically relevant. Volatility risk premia be-
tas show a monotonic relation with respect to the magnitude of the volatility risk
premium payoffs, and the portfolio conditional volatility risk premia betas increase sig-
nificantly in recessions, although the betas of portfolios P1 and P20 raise the most. In
particular, conditional volatility risk premia betas increase with market betas of the
same portfolios, default premium, and the HML and SMB factors. Overall, this im-
plies that conditional volatility risk premia betas increase with the aggregate risk of the
economy. On the other hand, conditional volatility risk premia betas tend to decrease
with the excess market return, momentum, industrial production and consumption
growth. The conclusion seems to be clear and important: volatility risk premia betas
are sensitive to the economic cycle showing a clear counter-cyclical pattern.
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RESUMEN

Este trabajo analiza el comportamiento de las betas de las primas de ries-
go de volatilidad tanto en seccién cruzada como en serie temporal para
un conjunto de carteras. Las betas muestran una relacién mondétona con
respecto a la magnitud media de la prima de riesgo de volatilidad de di-
chas carteras. Ademds, las betas condicionales de las primas de riesgo de
volatilidad de las carteras aumentan significativamente en recesiones. En
particular, aumentan significativamente con la prima de riesgo de insol-
vencia, las betas de mercado de esas mismas carteras y los factores HML
y SMB de Fama-French. Por otra parte, tienden a disminuir cuando la
produccién industrial, el consumo agregado, el exceso de rendimiento
del mercado y el factor de inercia tienden a aumentar.

Palabras clave: prima de riesgo en volatilidad, betas, betas condiciona-
les, indicadores macroecondmicos.

Clasificacion JEL: G12, G13.
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