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What Do We Know about Options?

@ Literature has focused on U.S. equities and equity indices:

e Option smile.
o Negative option smirk

o Negative correlation of volatility and spot returns.
o Implied volatility exceeds realized volatility.

o Negative variance premium.
o Dew-Becker and Giglio (2022) dispute this.

@ What about prices of options on other assets?!

@ What explains the variance premium returns across assets?
e Risk X
e Liquidity v X
e Conditional premiums
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Implied volatility smiles
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Variance correlation and the slope of the volatility smile
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Easy Measure of Variance Premium

e VIX? = price of a portfolio of out-of-the-money options.
o Model-free weights w; oc 2/strike?.
o CBOE does an adjustment that hurts accuracy and sometimes gives
negative "variance".
@ Simpson’s adjustment improves accuracy.
o Model-free delta = 2/Fy — 2/F;
@ Buy and hold $2 of stock, and daily sell $2 forward.

@ Measure the daily hedged return on this portfolio:
+ (t + 1) . Realised Variance(t+1)—Implied Variance(t)
return ~ Implied Variance(t)

@ Researchers have used Realized Variance - Implied Variance:
o Christensen and Prabhala (1998),
e Jiang and Tian (2005),
o Bekaert and Hoerova (2014),
e Johnson (2017)
o Grishchenko, Song, Zhou (2022).
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VSR vs hedged VIX? returns and ATM straddles

@ Median correlation btw VSR and hedged VIX? returns 99%

VIX SR rVIX VSR SR rVSR

mean r mean r mean " SR St p(rVSR VXY p(rVSR pstr)
Australian Dollar -2.08 -0.14 -6.37 -0.41 0.05 0.00 0.99 0.41
British Pound -9.40 -0.46 -11.82 -0.58 -0.51 -0.03 0.96 0.31
Canadian Dollar -8.81 -0.52 -13.46 -0.82 -3.91 -0.21 0.99 0.35
Swiss Franc 14.79 0.19 14.20 0.17 6.44 0.27 1.00 0.39
Japanese Yen -16.56 -0.98 -19.55 -1.20 -3.93 -0.17 0.97 0.42
S&P 500 -11.93 -0.23 -13.08 -0.24 -0.75 -0.04 1.00 0.51
10 Year UST -25.79 -2.97 -31.94 -3.68 -6.14 -0.29 0.97 0.53
30 Year UST -14.44 -1.41 -18.77 -1.76 5.18 0.21 0.99 0.60
Brent Crude Oil -12.17 -0.46 -17.18 -0.61 -8.98 -0.59 0.99 0.30
Natural Gas -14.13 -0.80 -15.31 -0.86 -13.45 -0.68 1.00 0.44
Gold -11.71 -0.42 -12.70 -0.47 7.45 0.30 1.00 0.41
Silver -5.50 -0.11 -3.69 -0.07 6.43 0.32 0.89 0.49
Copper -17.64 -1.41 -18.73 -1.35 -13.30 -0.65 0.92 0.45
Live Cattle -21.95 -1.52 -25.17 -1.77 -5.93 -0.27 1.00 0.60
Soybean Meal -15.66 -1.40 -23.22 -2.07 -0.65 -0.03 0.99 0.16
Soybean Oil -16.69 -1.40 -19.15 -1.63 -10.00 -0.42 0.95 0.17
Soybeans -2291 -1.95 -24.51 -2.14 4.82 0.20 0.99 0.35
Wheat -13.79 -1.30 -15.16 -1.41 -5.83 -0.32 0.99 0.18
Coffee C -18.49 -1.57 -23.26 -2.00 -7.23 -0.34 0.98 0.54
Corn -23.26 -1.71 -22.79 -1.67 -8.51 -0.37 0.76 0.50
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VIX summary statistics

Mean  Median  Std (%) Min Max Skew  Kurt  Mean RVol

British Pound 10.3 9.4 4.0 4.9 29.7 2.3 9.9 8.1
Swiss Franc 10.2 9.8 3.6 3.9 24.2 1.2 5.1 9.4
Japanese Yen 10.9 10.2 3.8 4.9 30.1 1.6 7.8 8.1
S&P 500 22.2 17.6 12.8 9.7 78.0 1.8 6.2 17.3
10 Year UST 6.3 5.8 2.0 34 14.7 1.3 5.1 4.2
Brent Crude Oil 38.5 31.0 24.8 17.3 155.0 3.0 13. 30.1
Natural Gas 50.6 457 17.8 21.9 111.7 1.0 3.7 37.7
Gold 19.0 18.0 6.5 9.5 51.2 1.6 73 145
Soybeans 25.2 241 8.1 12.1 56.1 1.4 5.0 18.6
Wheat 335 30.4 10.8 19.1 71.9 1.2 4.2 25.1
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Summary statistics of hedged VIX? returns

Mean (%)  Std (%) Sharpe Skew  Kurt  Volumeratio  Put-call (%)  p(rf, r¥X)
British Pound -9.4 75.2 -0.46 8.44 94.31 10.7 0.08 -0.22
Swiss Franc 14.8 274.3 0.19 11.2 130.5 127 0.08 0.30
Japanese Yen -16.6 61.4 -0.98%** 27 13.1 5.7 0.08 0.27
[S&P 500 -11.9 | 192.0 -0.23 8.6 90.7 14.5 0.05 -0.63
[S&P 500 pre-Covid -22.9 | 100.0 -0.86%** 4.56 26.01 14.6 0.05 -0.65
10 Year UST -25.8 315 -2.97%*k* 1.4 6.2 127 0.09 0.01
Brent Crude Oil -12.2 96.2 -0.46 54 39.7 16.3 0.05 -0.59
Natural Gas -14.1 62.2 -0.80%** 6.4 61.3 10.7 0.09 0.20
Gold -11.7 101.0 -0.42 8.4 88.5 15.9 0.08 -0.08
Soybeans -21.4 42.4 -1.95%** 15 6.0 15.8 0.08 -0.19
Wheat -13.4 39.6 -1.30%** 11 4.6 15.7 0.08 0.23
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Variance risk premium

and [ of systematic variance
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Variance risk premium and futures risk premium
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Futures risk and systematic risk do not explain the VRP

@ Risk in the underlying futures returns does not explain returns on
the hedged VIX? portfolios
o rYX =+ Brf +e¢
e « is significant for 14/20 assets

o Systematic risk (cross-sectional average VIX? returns) also does

not explain returns on the hedged VIX? portfolios

VIX
o i =apw + Bewr, ™ + &

e agyy is significant for 16/20 assets
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Liquidity and fat tails are mildly related to the VRP

Run cross-sectional Fama-Macbeth regressions of hedged VIX?
returns on measures of liquidity, hedging risk and fat tails

Liquidity
o log-ratio of futures trading volume to that of options
e put-call-parity deviation: absolute difference between call price and
the price of the replicating portfolio (put plus spot price minus the
present value of the strike price)

Fat tails: skewness and kurtosis of futures returns

Regression results:
e log-ratio is only significant in the univariate specification but not in
the multivariate one
e put-call parity deviations are not significant at conventional levels
e skewness is insignificant, whereas kurtosis is strongly significant

11/14 Heston and Todorov Exploring the Variance Risk Premium Across Assets



Conditional Returns and Predictive Regressions

@ Run Bollerslev-Tauchen-Zhou (2009) predictive regressions
rf_>-,- =+ ﬁ(VIth — Rthl,t) + €t

@ Most of the estimates (16/20 assets) are insignificant across
maturities from one month (T=1) to one year (T=12)

@ Some f3-s are negative, contrary to the positive and significant
coefficients found in BTZ (2009)
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Conditional Returns and Predictive Regressions

@ Run forecasting equation for the variance premium that parallels
Bollerslev-Tauchen-Zhou (2009)

hedged VIX 2 2
rt_>f+1 x VIXf = a+ B(VIXF — RVi_1t) + €
e The results are more significant than for futures returns
o Except for currencies, most assets have 3 > 0, meaning that larger

realized implied variance (in excess of historical variance) is
associated with larger future variance returns

@ The results show that the returns on hedged VIX? portfolios are
predictable and reject the variance expectations hypothesis

@ We find stronger evidence for conditional variability in the variance
risk premium than for predictability of the equity premium
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Conclusions

@ All 20 assets have option smiles

e S&P 500 has biggest skew and most negative correlation between
returns and variance
o Model-free returns are 99% correlated with realized variance

o Negative variance premium (except Swiss Franc)

@ Variance premium:

o Not related to risk
o Related to kurtosis and weakly related to liquidity
o Predictable (conditional risk premium)
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Appendix
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Futures returns

Mean Std Sharpe Skew Kurt Obs. Start date End date Exchange

Australian Dollar 0.17 3.30 0.18 0.07 4.12 168 2007-02 2020-10 CME
British Pound -0.13 2.59 -0.18 -0.60 3.96 166 2006-01 2020-10 CME
Canadian Dollar -0.07 2.30 -0.11 0.02 3.47 152 2006-01 2020-09 CME
Swiss Franc -0.07 2.94 -0.11 -0.03 5.22 140 2007-01 2020-08 CME
Japanese Yen -0.07 2.57 -0.11 -0.24 3.64 167 2006-01 2020-09 CME
0.84 5.33 0.58** 167 2006-01 2020-06 CME
10 Year UST 0.26 1.37 0.69%* 0.21 411 120 2006-02 2020-04 CBOT
30 Year UST 0.35 274 0.47 0.07 3.83 127 2006-02 2020-03 CBOT
Brent Crude Oil 0.46 10.97 0.14 0.61 14.49 94 2011-08 2020-09 NYMEX
Natural Gas -2.61 11.41 -0.83%** 0.26 4.34 162 2006-01 2020-10 NYMEX
Gold 0.79 4.52 0.61** 0.15 2.64 160 2006-01 2020-09 COMEX
Silver 1.01 8.68 0.43 0.30 3.22 152 2006-08 2020-09 COMEX
Copper 0.36 6.48 0.18 0.30 3.95 155 2006-01 2020-07 COMEX
Live Cattle -0.29 4.74 -0.22 -0.30 4.55 127 2006-01 2020-08 CME
Soybean Meal 0.07 7.38 0.04 0.37 3.26 145 2006-02 2020-08 CBOT
Soybean Oil 0.03 5.56 0.04 0.51 3.60 143 2007-01 2020-08 CBOT
Soybeans 0.56 6.59 0.29 -0.50 4.30 144 2006-02 2020-08 CBOT
Wheat -2.19 8.18 -0.97*** 0.05 3.37 131 2006-02 2020-07 CBOT
Coffee C -0.69 8.24 -0.29 0.42 3.00 110 2007-01 2020-09 ICE
Corn -1.49 8.02 -0.69** 0.25 5.98 126 2006-02 2020-07 CBOT
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VSR and hedged VIX? returns
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Futures correlations
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Hedged VIX? returns correlations
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Regressions of hedged VIX? returns

X =a+8rf + e X = agw + Bewr!™® + e

« « se B 3 se IR apw  aew se Bew  Bew se IREW

n o B @ (5) (6) o 6 (10)
Australian Dollar -0.01 0.04 -625 1.26 -0.07 0.03 0.04 0.41 0.09 0.20
British Pound -0.10 0.06 -6.49 221 -0.49* -0.02 0.06 0.56 0.13 -0.10
Canadian Dollar -0.09 005 -525 213 -0.54* -0.04 0.05 0.45 0.10 -0.25
Swiss Franc 0.17 022 28.00 7.58 0.23 0.37 022 211 045 0.52%
Japanese Yen -0.16 0.05 6.49 1.79 -0.97%** -0.07 0.04 0.77  0.09 -0.49*
S&P 500 0.07 0.12 -22.67 218 0.17 031 0.09 347 019  1.00%**
10 Year UST -0.26 0.03 0.22 211 -2.97%%* -0.22 0.03 0.27 0.10  -2.59%**
30 Year UST -0.15 0.03 221 120 -146***  -0.10 0.03 036 010 -1.01***
Brent Crude Oil -0.10 0.08 -5.14 0.74 -0.46 0.10 0.06 1.54 0.10 0.68*
Natural Gas -0.11 0.05 1.09 0.42 -0.65** -0.11 0.05 0.23 0.11 -0.65%*
Gold -0.10 0.08 -1.82 1.77 -0.36 0.10 0.08 1.53 0.24 0.40
Silver -0.01 011 -413 131 -0.03 0.20 0.08 2.30 0.17 0.75%**
Copper -0.17 0.04 -1.97 054 -140%** 013 0.03 039 0.07 -1.12%**
Live Cattle -0.23 0.04 -422 092 -1.71%%* -0.18 0.04 0.42 0.09  -1.34%**
Soybean Meal -0.16 0.03 0.87 0.46 -l.42%¥* 012 0.04 027 011  -1.08%**
Soybean Oil -0.17 0.04 -0.30 0.66 -1.41%** -0.09 0.04 0.47 0.12 -0.79%**
Soybeans -0.21 0.03 -1.22 053 -1.82%*  .0.15 0.04 045 011  -1.34%*
Wheat -0.11 0.03 1.11 041 -1.03%** -0.08 0.04 0.36 0.11 -0.76%*
Coffee C -0.17 0.04 1.99 0.46 -1.55%** -0.14 0.04 0.37 0.12 -1.23%**
Corn -0.21 0.04 117 055 -1.53***  .0.18 0.05 033 014 -1.31%**
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Fama-MacBeth cross-sectional regressions

Dependent variable: hedged VIX? return

Volume ratio -0.04** -0.02
(0.02) (0.02)
Put-call deviations 4.68 21.18
(25.78) (32.52)
Skewness -0.02 -0.003
(0.03) (0.03)
Kurtosis 0.07*** 0.07***
(0.02) (0.02)
VIX level -0.01%** -0.01%**
(0.002) (0.004)
VIX std 0.01 0.02**
(0.02) (0.01)
Intercept -0.10  -0.15%** _Q.15%*¥*  _0.37%k* (.01  -0.14%** -0.13*
(0.08) (0.03) (0.02)  (0.06) (0.03)  (0.02) (0.08)
Observations 2,804 2,804 2,804 2,804 2,804 2,804 2,804
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Bollerslev-Tauchen-Zhou predictive regressions

Panel A: rf, 7 = a+ B(VIXZ — RVe_11) +ex Panel B: /9% VX o VIX2 — o B(VIX2 — RVe_1) + 0
Tot4lm  T=t+3m  T=t+6m T=t+12m T=t+1m
[©] @ 3 [ 5)
Australian Dollar 544 341 498 207 049
(0.92) (1.03) (1.95) (1.03) (27)
British Pound 730 an 13 013 on
(339) (-0:88) (142) (-0:26) (158)
Canadian Dollar 653 032 264 292 016
(173) (0.13) (0.92) (248) (150)
Swiss Franc 174 o1 046 030 0.07
(318) (067) (3:86) (355) (235)
Japanese Yen 162 028 160 037 030
(097) (013) (102) (037) (177)
S&P 500 012 048 007 008 063
(03%) (257) (0.32) (-0.68) (251)
10 Year UST 2679 525 251 568 056
(391) (123) (0.64) (194) (1341)
30 Year UST 489 740 714 118 033
(079) (224) (1.89) (048) (234)
Brent Crude Ol 103 102 120 016 102
3) (6:29) (1.98) (0.42) (1053)
Natural Gas 007 019 0.08 005 -0.96
(067) (399) (436) (254) (-22.07)
Gold 072 079 022 018 041
(027) (067) (0.25) (027) (199)
Silver 069 107 010 034 004
(069) (168) (-019) (101 (013)
Copper 212 163 137 107 017
(175) (L74) (222) (311) (053)
Live Cattle 033 039 102 017 104
(012) (02) (081) (-0.08) (-280)
Soybean Meal 0.00 095 022 005 015
(0.00) (0.93) (034) (012) (109)
Soybean Oil 126 016 021 LEY 051
(138) (-0.44) (077) (L16) (472)
Soybeans 312 289 040 014 045
(245) (591) (056) (021) (579)
Wheat 106 180 124 096 039
(330) (169) (1.26) (1.44) (285)
Coffee C 094 015 032 o1 013
(0.40) (0.18) (0:65) (-026) (0.74)
Corn 199 074 -055 042 -037
(092) (096) (0.70) (-058) (194)
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