' Aalto University

Lof, Matthijs
Expected market returns: SVIX, realized volatility, and the role of dividends

Published in:
Journal of Applied Econometrics

DOI:
10.1002/jae.2709

Published: 01/08/2019

Document Version
Peer-reviewed accepted author manuscript, also known as Final accepted manuscript or Post-print

Please cite the original version:
Lof, M. (2019). Expected market returns: SVIX, realized volatility, and the role of dividends. Journal of Applied
Econometrics, 34(5), 858-864. https://doi.org/10.1002/jae.2709

This material is protected by colpyright and other intellectual property rights, and duplication or sale of all or
part of any of the repository collections is not permitted, except that material may be duplicated by ?/ou for
your research use or educational purposes in electronic or print form. You must obtain permission for any
other tuhse: Elgctronic or print copies may not be offered, whether for sale or otherwise to anyone who is not
an authorised user.


https://doi.org/10.1002/jae.2709
https://doi.org/10.1002/jae.2709

Expected market returns:

SVIX, realized volatility, and the role of dividends

Matthijs Lof*

January 7, 2019

Abstract

This note provides a replication of Martin’s (Quarterly Journal of Economics; 2017) finding
that the implied volatility measure SVIX predicts US stock market returns up to twelve-
month horizons. I find that this result holds for both S&P 500 and CRSP market returns,
regardless of whether returns include or exclude dividends. The predictability largely
disappears after the SVIX index is replaced by an exponentially weighted moving aver-
age measure of realized volatility, suggesting that SVIX holds incremental forward look-
ing information compared to realized volatility, despite the high correlation between the

two volatility measures.
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1 Introduction

In a recent article, Martin (2017) derives a simple expression for the lower bound of the
expected equity premium: the excess return on the market portfolio. He shows analyti-
cally that this lower bound on the expected equity premium is equal to the risk-neutral
conditional variance of market returns, scaled by the gross risk-free rate. Martin (217) also
develops a novel option-implied measure of the risk-neutral conditional variance: SVIX7,,
which is derived from the prices of call and put options on the underlying market index,
which expire in £k periods. SVIX can be substituted into the theoretical expression of the

equity premium’s lower bound to obtain predictions of excess market returns:

Ry 1k > Ryps X SVIXik, (1)

where R{ ..., is the cumulative excess (i.e.: in deviation of the risk-free rate) market return
realized over the months ¢t + 1 to ¢t + k, and Ry, is the gross risk-free rate over the same
period.

Martin (2017) runs predictive regressions of excess market returns on lagged values of
SVIX and finds indeed that the implied volatility measure holds predictive power over hori-
zons up to twelve months. His results imply that the lower bound (1) is relatively tight. In
this note, I replicate this main result by Martin (2017) and investigate its robustness. I start
with predictive regressions of S&P 500 returns on the lagged SVIX index and find, similar to
Martin (2017), that the SVIX index indeed predicts future returns. In further support of the
theory, restrictions on the parameter space implied by the theoretical lower bound (1) can
not be rejected at conventional significance levels.

The SVIX index measures the expected volatility of changes in prices, as implied by op-
tion contracts. The return in Eq. (1) thus refers strictly speaking to the excess market return
excluding dividends. Martin assumes explicitly that dividends paid between time ¢t and ¢ + %
are known before time ¢, such that they have no impact on the uncertainty of returns. To
test this assumption, I run the predictive regressions using both returns obtained from the
S&P 500 price index, as well as the S&P 500 total return index. I find that the prediction

results show strong similarity, suggesting that expected dividend variation does not con-



tribute much to expected return variation. In addition, I find similar results when the S&P
500 returns are replaced by value-weighted market returns from the Center for Research in
Security Prices (CRSP), both for returns including and excluding dividends.

The use of an option-implied volatility measure such as SVIX is conceptually appealing,
since option prices presumably contain forward-looking information that is not reflected
in past market returns. A clear disadvantage of SVIX is the stringent data requirement:
prices of put and call options at multiple strike prices and various maturities are required.
Moreover, for the estimates to be reliable, these option markets need to be sufficiently liquid.
Even if options on the S&P 500 index are among the most traded equity options, Martin
(2017) points out that the limited liquidity of one-year options cast doubt on the reliability
of predictions over twelve-month horizons relative to one-month horizons. I therefore test
whether the same predictive results could be obtained using a simple measure of realized
volatility: the exponentially weighted moving average (EWMA) variance of daily returns. I
tind that the positive predictability of the equity premium disappears when SVIXis replaced
by the realized volatility measure. These results thus imply, consistent with prior literature
(e.g. Christensen and Prabhala, 1998), that option-implied volatility measures such as SVIX
contain forward-looking information that is not captured by the variance estimated from
historical returns/]

Martin’s (2017) result that the equity premium is proportional to volatility provides evi-
dence of a positive risk-return trade-off, one of the central principles in financial economics.
A positive relation between market volatility (as a measure of market risk) and returns has
been documented before, including by seminal studies such as Merton (1980) and French
et al. (1987). This note contributes to this literature, by showing that the measurement of
volatility matters. In particular, implied volatility positively predicts future returns, while
realized volatility does not. Since a trade-off is expected between future returns and future
volatility, returns should be predictable by expectations of future volatility. My results in-
deed show that option-implied volatility (SVIX) is a leading indicator of realized volatility,

explaining its positive relation with the expected future equity premium.

IThe Internet Appendix reports additional regression results for which the EWMA realized volatility mea-
sure is replaced by the realized monthly variance of daily returns, and the implied volatility measure SVIX is
replaced by the closely related VIX index (See Martin, 2017, Section VII, for a discussion of the relation between
SVIX and VIX). These results are qualitatively similar and do not lead to different conclusions than the results
reported in this paper.



2 Empirical results

2.1 Data

Daily market returns are calculated from the S&P 500 price index over the sample 1950-2016,
as well as from the S&P 500 total return index (sample 1988-2016)E| In addition, I use the
daily value-weighted returns and the value-weighted market returns excluding dividends
from the Center for Research in Security Prices (CRSP, sample 1926-2016). All measures of
daily market returns are compounded into monthly observations of forward looking cumu-
lative 1, 2, 3, 6, and 12-month returns in excess over the risk-free rate. The risk-free rate is
obtained from Kenneth French’s data library.

For each of the four measures of market return, I compute the exponentially weighted

moving average (EWMA) variance using daily returns:
O?EWMA,t = )‘UJQ'EWMA,t—l + (1= A)r} x 240, (2)

where the decay rate ) is set at 0.94, following the convention in the literature (J.P. Morgan,
1996), and r, is the daily net market return. All regression results reported below are highly
similar when the returns in Eq. are measured in deviation of the risk-free rate or in
deviation of an exponentially weighted moving average. The daily return variance estimator
is multiplied by 240 to obtain an annualized variance estimator. Since the regressions are
estimated with monthly data, I use the variance estimator at the last day of each month.
Daily data on the annualized SVIX index at 1, 2, 3, 6, and 12-month horizons are directly
obtained from Ian Martin’s websitef] for the period January 1996 - January 2012. All results
below are based on this restricted sample, although I do use the earlier history of returns to
compute %y, 4 and the historical mean, to which the fit of the model is compared. Figure

1 plots the SVIX indices and o gy a4, Over time.

2Source: finance.yahoo.com
3personal.lse.ac.uk/martiniw/


finance.yahoo.com
personal.lse.ac.uk/martiniw/

2.2 SVIX and the equity premium

Table 1| reports the results from the following regression model:
Ry X T = a+ B (Rpe x SVIXE) + ek, (3)

where Ry ..., is the cumulative excess (i.e.: in deviation of the risk-free rate) market return
realized over the months ¢ + 1 to ¢ + k, 73 is a scaling factor to obtain annualized returns
(1 = 1—13), and (Ry; x SVIX?,) is the square of the SVIX index at the last day of month
t scaled by the risk-free rate. The model (3) is estimated with four different proxies for
market returns: returns on the S&P 500 price index, the S&P 500 total return index, and the
CRSP value-weighted market return excluding and including dividends. Table|l|reports the
estimated coefficients @ and 5, and Hansen-Hodrick (1980) standard errors The estimated
coefficients based on the S&P 500 price index (top-left panel of Table [I) are nearly identical
to those reported by Martin (2017; Table II).

Table 1: SVIX and the equity premium

This table reports results of regressing monthly forward looking excess market returns, at different horizons
k, on the squared SVIX index scaled by the risk free rate, as in (). Standard errors are computed following
Hansen and Hodrick (1980), with £ lags. Sample: 1996:01-2012:01

S&P 500 price index S&P 500 total return index
k (months) 1 2 3 6 12 1 2 3 6 12
a 0.01 -0.02 -0.02 -0.08 -0.04 003 0.00 -0.01 -0.06 -0.03
S.E.(o) 0.07 009 0.08 006 0.08 007 0.09 008 0.06 0.09
] 042 109 116 228 170 046 113 120 233 175
S.E.(B) 152 202 197 081 112 152 202 196 082 116
pval(Hy:a=0,4=1) 089 092 091 024 082 092 100 099 02 074
R? 0.00 001 0.01 007 0.05 000 0.01 001 0.07 0.05
1 — > e2 civictear/ 2o Vi, 000 0.01 0.01 004 004 001 002 002 006 006

CRSP excluding dividends CRSP including dividends
k (months) 1 2 3 6 12 1 2 3 6 12
a 0.02 -0.02 -0.03 -0.09 -0.05 0.04 -0.01 -0.01 -0.07 -0.04
S.E.(o) 0.07 009 0.08 006 0.08 007 0.09 008 0.06 0.08
] 037 123 138 261 200 042 128 143 268 207
S.E.(B) 160 204 197 078 113 160 204 197 079 117
pval(Hy:a=0,=1) 092 095 093 011 067 0.88 098 097 0.11 056
R? 0.00 001 0.02 008 0.06 000 0.01 002 0.08 007

1= 362 rictedin] S8, 000 001 002 005 005 000 001 002 006 0.06

Table [1|also reports the p-value of an F-test on the hypothesis Hy : @ = 0,8 = 1 implied

*Highly similar results are obtained using Newey-West (1987) standard errors.
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by Eq. (I). In support of Martin’s (2017) theory, the restriction on the parameter space
can not be rejected at conventional significance levels, for all horizons k. Finally, similar to
Martin (2017), the table reports the regression R? and an additional out-of-sample measure

comparing the fit of the restricted model to a historical rolling mean return model:

2
Z 57'estricted,t,k

1- 2 (4)
> Ui k>
where
_ 2
Erestricted,t,k = Rf+1;t+k X T — (Rfﬂf X SVIXt,k) (5)
_ e 1 t—k pe
Ut = Ryiiask X Th = 7% 2ic1 Piign X The

The results suggest that the restricted model by Martin (2017) outperforms the realized mean
model in terms of predicting the equity premium, in particular at longer horizons. Highly
similar results are obtained when the realized rolling mean is replaced by a constant annu-
alized mean return of 6%.

Interestingly, the results are very similar when the market returns are based on the S&P
500 total return index (top-right panel of Table[I). Even if the SVIX index measures volatility
of the price, the results are hardly affected when the returns include dividends in addition to
price changes. For robustness, the lower panel of Table|l|reports the regression results using
CRSP value-weighted market returns, including and excluding dividends, instead of S&P
500 returns. Also with CRSP data, the results remain similar: the restriction « = 0,8 = 1
cannot be rejected at conventional levels. Overall, the results by Martin (2017) are robust to

different measurements of the market return.

2.3 EWMA variance and the equity premium

Next, I re-estimate (3) while replacing SVIX?, by o314 (Eq. 2) at the last day of month ¢.

Rijyppe XTe=a+0 (Rf,t X U?EWMA,t) + €tk (6)

The results, reported in Table 2, show that the estimates are highly sensitive to the choice
of volatility measure, even if the correlation between SV IX? and 0%, 4 is close to 90%. In

particular at shorter horizons, the estimates of ¢ are closer to -1 then to 1. Hence, at short



Table 2: EWMA variance and the equity premium

This table reports results of regressing monthly forward looking excess market returns, at different horizons k,
on the EWMA variance scaled by the risk free rate, as in (). Standard errors are computed following Hansen
and Hodrick (1980), with k lags. Sample: 1996:01-2012:01

S&P 500 price index S&P 500 total return index
k (months) 1 2 3 6 12 1 2 3 6 12
a 008 006 006 003 002 009 008 008 005 0.04
S.E.(o) 004 004 004 004 005 004 004 004 004 005
5 -1.09 -0.71 -0.68 0.15 040 -1.06 -0.69 -0.66 0.17 043
S.E.(0) 090 083 08 024 014 091 084 086 024 0.15
p-val (Hyp:a=0,0 =1) 006 009 011 000 000 004 006 008 000 0.00
R? 001 001 001 000 002 001 001 001 000 0.02
1= Y&l victearn/ 2oVir 002 003 -006 -003 -0.01 -0.02 -0.03 -0.06 -0.02 -0.01

CRSP excluding dividends CRSP including dividends
k (months) 1 2 3 6 12 1 2 3 6 12
a 010 008 008 004 004 008 007 006 003 0.02
S.E.() 005 004 004 004 005 005 004 004 004 005
5 -1.11 -061 -056 032 050 -114 -064 -058 029 047
S.E.(0) 1.04 091 092 022 022 104 091 092 022 021
p-val (Hyp:a=0,0 =1) 007 010 010 000 007 009 014 016 0.00 0.04
R? 001 001 001 001 002 001 001 001 000 0.02

1= Y&l victearn/ 2oVir 001 002 -004 -001 001 -0.01 -0.02 -0.04 -0.01 001

horizons, realized volatility in fact predicts negative rather than positive excess returns. The
p-values for the restriction Hy : o« = 0,6 = 1 are clearly lower than those reported in Table
and in most cases allow for rejection of the null hypothesis. The in-sample R*s are mostly
lower than reported in Table[l] Also the out-of-sample performance of the restricted model
is clearly weaker when SV IX? is replaced by o7y, 4. It is worth noting that, as in Table
the results are highly similar regardless of the choice of market return.

I proceed by including both SVIX? and 0%, as predictors in the regression:
Rte+1:t+k: X T — X + 5 (Rf,t X SV[Xt%k) _|‘ (5 (Rﬁt X U?EWMA,t) + €t7k, (7)

The results, reported in Table 3, show some interesting patterns. At short horizons, the
estimates of § and 4 are pushed in opposite directions, due to the high correlation of the
predictors. The result from regressions (3) and () that SV IX? (6%,,,,4) predicts the equity
premium positively (negatively) at short horizons, holds in a multiple regression. This ob-
servation is in fact highly consistent with Bollerslev et al. (2009), who find that the equity

premium is positively predictable by the difference between implied and realized volatility.
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Table 3: SVIX, EWMA, and the equity premium

This table reports results of regressing monthly forward looking excess market returns, at different horizons
k, on both the SVIX index and the EWMA variance scaled by the risk free rate, as in (7). Standard errors are
computed following Hansen and Hodrick (1980), with & lags. Sample: 1996:01-2012:01

S&P 500 price index S&P 500 total return index
k (months) 1 2 3 6 12 1 2 3 6 12
a -0.14 -018 -0.18 -0.17 -0.05 -013 -0.16 -0.17 -0.15 -0.03
S.E.(o) 0.06 007 0.07 009 010 006 0.07 007 009 0.10
B 861 869 816 589 211 861 869 818 591 212
S.E.(B) 227 152 163 176 178 227 153 166 181 1.85
5 -6.08 -524 -450 -2.07 -021 -6.05 -522 -449 -2.05 -0.19
S.E.(9) 167 061 074 049 031 168 061 074 050 032
pval(Hy:a=6=0,=1) 000 1.00 0.00 000 099 000 1.00 000 0.00 099
R? 010 015 019 015 0.05 009 015 019 015 0.05
CRSP excluding dividends CRSP including dividends
k (months) 1 2 3 6 12 1 2 3 6 12
a -0.11 -0.16 -0.17 -0.16 -0.05 -0.12 -0.18 -0.19 -0.18 -0.07
S.E.(o) 0.06 007 0.08 010 010 006 0.07 008 010 0.10
3 818 858 839 634 269 817 856 836 630 267
S.E.(B) 224 172 188 185 173 224 170 185 181 1.68
5 -597 -520 -461 -215 -032 -6.00 -522 -461 -217 -0.34
S.E.(9) 189 081 091 050 028 189 080 09 049 027
pval(Hy:a=6=0,=1) 001 000 000 000 061 001 000 0.00 0.00 0.61
R? 0.08 013 017 016 0.07 008 013 017 016 0.07

For the 12-month horizon, the estimate 3 gets closer to one, while § is close to zero. The re-
striction & = § = 0, 3 = 1 can not be rejected when £=12, implying that the realized variance
measure oy, 4 has no incremental predictive power over SVIX?. The restricted out-of-
sample measure (4) is not reported in Table 3| as the measure is by construction identical to

the measure reported in Table

2.4 A comparison of SVIX and EWMA volatility

The results in the prior subsections provide evidence for a positive risk-return trade-off
when risk is measured by implied volatility, but not when risk is measured by realized
volatility. As emphasized by Martin (2018), the risk-return trade-off as described by e.g.
Merton (1980) postulates a positive instantaneous relation between realized volatility and the
equity premium, thus implying that future returns should be proportional to future volatil-
ity. In other words, returns should be predictable by predictors of future volatility, but not

necessarily by historical realized volatility. To reconcile my results with this prior literature,



Table 4: SVIX and EWMA - correlation

This table reports the correlation between monthly observations of SV'I Xt%  at different horizons k, 0%y 4,/

and the next month’s equity premium Rf, ;. 0%y 54, and Ry, are computed from the S&P 500 total return
index. Panel A (B) reports correlations for all variables in levels (monthly changes). Sample: 1996:01-2012:01.

A: Correlation in levels

SVIX?,  SVIX?,  SVIXY,  SVIX?,  ohwaay )
SVIX} 0.99 0.98 0.95 0.89 0.88 0.03
SVIXZ, 0.99 0.97 0.93 087  0.04
SVIXZ, 0.99 0.95 0.85 0.04
SVIXZEg 0.98 0.81 0.06
SVIX}, 0.76 0.04
o ?EWMA,t -0.12

B: Correlation in differences
ASVIX}?, ASVIXP, ASVIXPs ASVIXP;, Achwaa: ARf

ASVIX} 0.98 0.94 0.89 0.82 072 043
ASVIX?, 0.98 0.95 0.88 071 044
ASVIX}, 0.98 0.91 069  0.44
ASVIXFg 0.94 066 045
ASVIXE, 057 043
Aok 0.20

I have in this subsection a closer look at the relation between SVIX? and 0%, ,,4. | show
that the option-implied measure SVIX indeed contains information that is not captured by
realized volatility, and is in fact predictive of future realized volatility. As a leading indicator
of future market risk, SVIX therefore explains future market returns.

Table [ reports the contemporaneous correlation between the SVIX? index at various
horizons, and the realized variance measure o%;;,,4. The correlation between SV IX? and
o2 wma is close to 90% at short horizons. Also in terms of monthly time-series differences
(Table 4 Panel B), the correlation is strongly positive. Despite the evident similarity between
the measures, the correlation with next month’s excess return is positive for SVIX 2 while
negative for o7y, ,,4- Apparently, SVIX? (implied by option prices) contains information
about future stock returns that is not reflected by 0%, (calculated from observed returns).

Table5|reports the results from regressing monthly time-series differences in both SV 1.X?
and o%,,,4 on lagged differences of both volatility measures. Consistent with the view
that the implied volatility measure SVIX contains incremental forward looking informa-
tion compared to realized volatility, I find that monthly changes of SVIX? predict next
month’s changes of o%y,,,4, While the reverse predictably of c%y,,,4 to SVIX? is clearly

much weaker.



Table 5: SVIX and EWMA - cross-predictability

This table reports the results from regressing monthly changes in SVIX?, and 0%y, 4, on the prior month’s

(lagged) changes in both measures. 0%y, At 18 computed from the S&P 500 total return index. Newey-West
standard errors are reported below the coefficients. Sample: 1996:01-2012:01.

ASVIXg{l ASVIXt%l ASVIXt%l Actimar Aohwiar A0hwaas

intercept 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
S.E. 0.0010 0.0010 0.0009 0.0021 0.0020 0.0020
ASVIX} 0.0277 -0.1397 0.3469 0.2727
S.E. 0.0863 0.0993 0.1199 0.1293
ATTwaras1 0.0931 0.1631 0.2092 0.0724
S.E. 0.0645 0.0963 0.1203 0.1657
R? 0.0008 0.0177 0.0272 0.0587 0.0436 0.0612

3 Conclusions

Martin (2017) finds that the expected equity premium is proportional to the implied volatil-
ity measure SVIX. I investigate the robustness of this result by (i) considering US market
returns including and excluding dividends and (ii) testing the predictive power of a simple
measure of realized volatility.

I find that dividends have no notable impact on the predictive relation between SVIX
and the equity premium: even if SVIX measures the volatility of price changes, the predictive
results are nearly identical regardless of whether the market return is based on price changes
alone or includes dividend yields.

The predictive relation does not hold, on the other hand, when the implied volatility
measure SVIXis replaced by an EWMA measure of realized volatility. The results further in-
dicate that SVIX predicts realized volatility, demonstrating that SVIX holds forward-looking
information that is not captured by realized volatility. Overall, these results provide evi-
dence for a positive risk-return trade-off, and for the hypothesis that option-implied volatil-
ity is a better predictor of future risk, and therefore of future market returns, than realized

volatility.

Acknowledgements

I thank the Department of Finance at the Vrije Universiteit Amsterdam, where part of this

work was completed, for its hospitality. The Finnish Foundation for the Advancement of



Security Markets is gratefully acknowledged for financial support.

References

Bollerslev, T., Tauchen, G., & Zhou, H. (2009). Expected stock returns and variance risk
premia. The Review of Financial Studies, 22(11), 4463-4492. doi:10.1093 /rfs/hhp008

Campbell, J. Y., & Thompson, S. B. (2008). Predicting excess stock returns out of sample:
Can anything beat the realized average?. The Review of Financial Studies, 21(4), 1509-1531.
doi:10.1093 /rfs /hhm055

Christensen, B. J., & Prabhala, N. R. (1998). The relation between implied and realized
volatility. Journal of financial economics, 50(2), 125-150. do0i:10.1016/S0304-405X(98)00034-8

French, K. R., Schwert, G. W., & Stambaugh, R. F. (1987). Expected stock returns and volatil-
ity. Journal of Financial Economics, 19(1), 3-29. d0i:10.1016/0304-405X(87)90026-2

Hansen, L. P., & Hodrick, R. J. (1980). Forward exchange rates as optimal predictors of future
spot rates: An econometric analysis. Journal of Political Economy, 88(5), 829-853.

doi:10.1086/260910

Merton, R. C. (1980). On estimating the expected return on the market: An exploratory
investigation. Journal of Financial Economics, 8(4), 323-361.

doi:10.1016/0304-405X(80)90007-0
J. P. Morgan, (1996). Riskmetrics technical document. (4th ed.). New York: JPMorgan

Martin, I. (2017). What is the Expected Return on the Market?. The Quarterly Journal of
Economics, 132(1), 367-433. doi:10.1093/ gje/ qjw034

Newey, W. K., & West, K. D. (1987). A Simple, Positive Semi-definite, Heteroskedasticity
and Autocorrelation Consistent Covariance Matrix. Econometrica, 55(3), 703-708.

doi:10.2307 /1913610

Welch, I, & Goyal, A. (2008). A comprehensive look at the empirical performance of equity
premium prediction. The Review of Financial Studies, 21(4), 1455-1508.
doi:10.1093 /rfs /hhm014

10



0.8

—— SVIX1 — SVIX2 ——SVIX3 SVIX6 —— SVIX12 - - =EWMA

0.6

0.4

i Y

SRR

] LA DR
02 M);:"" \Y !
A7 1
[
AN

0
1996 1999 2002 2005 2008 2011

Figure 1: Time series of ogwara: and SVIX,y, for 1, 2, 3, 6, and 12-month horizons k. Sam-
ple: 1996:01-2012:01
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