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Introduction

o Objective: Examine the variance risk premium (VRP) across equities,
bonds, currencies and commodities
@ Method: novel model-free approach to construct tradable option
portfolios that replicate realized variance
@ Main Findings:
@ VRP is negative for most markets

@ VRP is more associated with fat tails than with systematic risk
© Implied variance does not predict underlying returns, but predicts VRP
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Overview

@ Introduction

© Data and Methodology
@ Options data
@ Variance Portfolio Methodology

© Variance Risk Premium Across Assets
@ Returns to Variance

e Comparing Theories of the variance risk premium
@ Systematic Risk
@ Liquidity and Hedging
@ Conditional Returns and Predictive Regressions

© Conclusion and commentaries
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Data and Methodology
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Data and Methodology: options data

@ Options on 20 futures markets
> Equities (1): S&P500 Index
» Currencies (5): AUD, GBP, CAD, CHF and JPY
» Fixed Income (2): US10Y and US30Y Treasury Notes
» Commodities (12): Oil, Nat. Gas, Gold, Silver, Copper, Live Cattle,
Soy Meal, Soy Oil, Soybeans, Wheat, Coffe and Corn
e Data from IVolatility based on options traded on CME, NYMEX and
ICE

@ Sample period: Jan 2006 to October 2020

o Filters:

» Excludes options with zero bid
» Excludes options with zero open interest
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Data and Methodology: Variance Portfolio

@ Benchmark for option volatility is CBOE VIX formula, but only works
well for markets with finely spaced strike prices

@ Paper uses Simpson's rule of Heston et al (2022):
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@ This variance index is a portfolio of OTM options, the underlying
contract and the risk free asset

@ To compute returns, portfolio is constructed and the beginning of
each month and held to maturity, with daily delta hedging
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Data and Methodology: VIX Summary Statistics

The table shows summary statistics on VIX levels. These are computed as v'VIX2 x 365/28, where VIX? is the
monthly implied variance. “Mean RVol” is the average realized volatility (also annualized). The sample period is
from January 2006 to October 2020.

Mean Median std (%) Min Max Skew Kurt Mean RVol
Australian Dollar 124 11.2 5.2 6.4 39.6 2.4 10.9 10.6
British Pound 10.3 9.4 4.0 49 29.7 23 9.9 8.1
Canadian Dollar 9.7 8.7 3.8 4.6 275 1.9 8 7.7
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 500 222 17.6 12.8 9.7 78.0 1.8 6.2 173
10 Year UST 6.3 5.8 2.0 34 14.7 1:3 5.1 4.2
30 Year UST 11.1 10.5 34 6.5 24.0 1.3 4.9 8.2
Brent Crude Oil 385 31.0 248 17.3 155.0 3.0 13:1 30.1
Natural Gas 50.6 45.7 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 Tl 145
Silver 387 327 124 15.6 78.6 1.2: 4.7 264
Copper 294 26.9 11.3 13.5 76.6 1.6 6.3 21.2
Live Cattle 19.1 18.2 7.2 8.1 68.3 3.0 19.6 13.7
Soybean Meal 293 284 8.2 14.4 535 0.7 34 209
Soybean Oil 247 23.3 6.8 15.2 705 27 16.8 18.1
Soybeans 252 24.1 8.1 12:1 56.1 1.4 5.0 18.6
Wheat 335 304 10.8 19.1 71.9 1.2, 42 251
Coffee C 35.6 34.2 74 22.0 56.5 04 2.6 25.1
Corn 324 31.3 9.3 17.2 64.9 0.7 3.3 229
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Variance Risk Premium Across Assets
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Returns to Variance

Hedged VIX? returns and option measures
Mean (%)  Std (%) Sharpe Skew Kurt

Australian Dollar 2.1 57.4 —0.14 4.0 274

British Pound 94 752 —0.46 8.44 9431

Canadian Dollar -8.8 61.2 —0.52* 4.6 35.0

@ Swiss Franc the only Swiss Franc 14.8 2743 0.19 1.2 1305
. . Japanese Yen -16.6 614 —0.98*** 2.7 13.1

asset with positive S&P 500 119 1920 =023 86 907
S&P 500 pre-Covic ~ -22.9 1000  —0.86*"* 456 26.01

average return 10YearL$ST 258 315 =297 14 6.2

30 Year UST -14.4 374 —141*** 16 5.9

e CAD and JPY the only Brent Crude Oil ~ -12.2 962 =046 54 397
cu rrenCieS Wlth Wlth Natural Gas -14.1 62.2 —-0.80*"* 6.4 61.3
T ; . Gold ALF 101.0 =042 84 885
significative sharpe ratio  silver 55 141 =001 35 480
Copper -17.6 45.5 —141*** 18 6.8

o 10Y Treasury with the Live Cattle 220 52.5 —152°** 28 140
Soybean Meal -15.7 409 =1A0*** 1.5 5.8

lowest return and sharpe  soybean i -16.7 433 —140"" 16 7.1
Soybeans -214 424 L e 6.0

Wheat 134 39.6 -130""" L1 16

Coffee C -185 42.7 —L57*** L7 79

Corn 229 503 sl 10 6.6
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Correlation of Variance Returns Across Assets

Panel B: Hedged V1X? req
Australian British Canadian Swiss Japanese T0Year 30 Year Brent Natural Tive Soybean Soybean
Yen as 1

S&P500 Gold Silver Copper Soybeans Wheat Coffee C Corn

Dollar  Pound  Dollar  Franc UST  UST Ol Catle  Meal ol
British Pound 064
Canadian Dollar [rrd 068
Swiss Frane 013 044 027
Japanese Yen 032 017 029 003
SEP 500 015 010 010 003 047
10 Year UST 008 003 007 000 023 011
30 Year UST 008 006 006 004 028 033 081
Brent Crude Ol 006 0 0.01 023 0852 075 019 018
Natural Gas 001 009 000 005 010 008 007 M08 025
Gold 0,01 006 002 000 020 026 002 017 011 003
Silver 000 006 005 004 034 066 008 012 08 01l 05
Copper 011 006 006 006 026 033 006 018 027 004 027 037
Live Catile 035 041 03 002 027 02 B 007 047 016 005 024 010
Soybean Meal on 006 004 000 005 001 004 005 005 002 001 008 013 004
Soybean Oil 001 000 007 008 009 0.13 016 023 011 004 024 011 010 002 033
Soybeans 006 -0.04 006 002 013 0.19 001 006 007 002 004 012 021 013 057 025
Wheat 006 002 000 006 008 0.08 005 008 010 M08 013 016 019 002 019 0.10 033
Coffee C 018 0.14 016 001 014 0.08 015 015 026 019 o008 013 H@§ o027 om 014 021 020
Com 007 H09 A0 001 001 0P 025 012 011 FEZ 015 022 023 {05 028 0.04 033 047 004
Eq. Weighted 032 032 034 037 05 0.81 025 031 084 QdF 045 075 039 039 [ 031 032 028 028 021

e Oil, S&P500 and Silver shows highest correlation to equally weighted
average: proxies for systematic risk

o Commodities show the least correlation to equally weighted average

11/24
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Correlation of underlying returns with variance returns

Panel C: Futures-Hedged VI X? returns cross-correlations

Australian _ Britsh _Canadian _Swiss__Japanese .~ 10¥ear 30Year Brent Natural - TR Soybean Soybean : . = Y
DollF_pound, Dol Fanct wemb SP00F USTE USLE OMF Gaor OO4F Shert Copper Vel P OLF Sobeans P Wheat F CofloC. - Com | B Welghted.
‘Australian Dollar, V 011 025 004 017 003 01l 003 025 003 016 003 o1 006 009 006
British Pound, V o2 o2 o012 003 03 004 o1l 006 012 0.06
Canadian Dollar, V 017 020 009 023 018 003 012 001 011 010
Swiss Franc, 013 o017 000 016 010 0.04 -0.02
Japanese Yen, V. 006 011 013 002 008 005 014
P 500,V 001 009 012 007 on 015 004
10 Year UST,V 005 001 009 009 008 005
30 Year UST, V- 003 007 003 008 014 003
Brent Crude Oil,V. 012 014 o0l 004 009 009
Natural Gas, 007 004 003 0.04 004 002
Gold, v 001 002 om 008 006 001
silver,V 001 006 009 022 016 013
Copper,V 008 014 017 0.09 001 015
Live Cattle, 01 014 006 008 023 015
Soybean Meal, V. 010 005 007 0.01 0.09 0.10
Soybean Oil, V 005 012 003 001 013 012
v 015 01 ol 012 019 006
Wheat, V 002 005 0 0.08 0.00 023
Coffee C, V. 007 000 004 013 012 007
Com,V. 007 003 o -018 006 021
Fq Weighted, V. 008 020 015 007 01 000
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Implied volatility smiles
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Comparing Theories of the variance risk premium
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Comparing Theories of the variance risk premium

Three possible theoretical explanations of the variance risk premium:
© Systematic Risk

» risk premiums are associated with intertemporal hedging demand for
risks that affect investment opportunities
» level of marketwide variance is a natural proxy

@ Hedging and Liquidity Risk:
P due to price jumps and fat tails, options are costly and difficult to

hedge. Dealer must charge a premium to cover this costs
» iliquidity and jumps should be associated with larger negative VRP

@ Conditional Risk

> level of implied volatility reflects a changing conditional risk premium
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Systematic Risk

Two regression:
@ Underlying risk explaining VRP:

» VRP as a function of returns of the Underlying
» « only insignificant for 6 assets

@ Systematic risk explaining VRP:

> VRP as a function of returns of the cross sectional average VIX?
returns
» « only insignificant for 4 assets
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Systematic Risk: Results

rer'X = & + Jd rrF + €r fth = aw + n"ﬁ,EW rerEW + €

a ase f fise IR | apw apwse Pepw Pewse  [Rew

(n (2) (3) (4) (5) (6) (7) 8) 9 (10)

Australian Dollar |-0.01 0.04 -625 1.26 [-0.07 0.03 004 041 009 [ 020

British Pound -0.10 0.06 -649 221 2002 006 056 013 |-0.10

Canadian Dollar |-0.09 0.05 -525 213 -0.04 005 045 010 |-0.25
Swiss Franc 0.17 022 2800 7.58 037 022 211 045  052°
Japanese Yen -0.16 005 649 179 -0.07  0.04 77 0.09  —0.49*
S&P 500 0.07 0.12 -22.67 2.18 031 009 347 019 1.00***
10 Year UST S0.26 003 022 211 022 003 027 010 —259***
30 Year UST -0.15 003 221 120 -0.10 003 036 010 -1.01***
Brent Crude Oil  [-0.10 0.08 -514 0.74 010 006 154 010 068"
Natural Gas -0.11 005 109 042 -0.11 005 023 011 -0.65**
Gold -0.10 008 -1.82 177 0.10 008 153 0.24
Silver 2001 011 -413 131 020 008 230 017 075"
Copper -0.17 0.04 -197 054 -0.13 003 039 007 —l.12°**
Live Cattle -0.23 004 -422 092 -0.18 004 042 0.09  —1.34***
Soybean Meal -0.16 003 087 046 012 004 027 0.1 —1.08***
Soybean Oil -0.17 0.04 -030 066 -0.09 004 047 012 -0.79***
Soybeans -0.21 003 -122 053 -0.15 004 045 011 —1.34"*"
Wheat -0.11 003 111 041 -103***]-008 004 036 011 -0.76"*
Coffee C -0.17 0.04 199 046 —155"**]-0.14 0.04 037 012 —1.23***
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Liquidity and Hedging

@ Expect to see more negative VRP in markets with iliquidity of
fat-tailed jumps in prices
@ Two measures of iliquidity:

© log of volume ratio of futures to options contracts
@ average deviation of options quotes from put-call parity

@ Jumps and fatness measured by skewness and kurtosis of the
underlying return in the previous month
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Liquidity and Hedging: Fama-MacBeth Regression

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 pip7™** 0:07"**
(0.02) (0.02)
VIX level -0.01*** -0.01%**
(0.002) (0.004)
VIX standard deviation 0.01 0.02%%
(0.02) (0.01)
Intercept -0.10 20.15%%* -0.15%**  -0.37*** 0.01 -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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Conditional Returns and Predictive Regressions

Two predictive regressions:
© Underlying returns explained by ex-ante VRP:

rf_’T = a + ﬁ(VIX? - RVI—L[) + €

» Most Ss insignificant
> Some are significant but negative

@ VIX? returns explained by ex-ante VRP:
hedged VIX, yIX? = a+ B(VIX2 =RV, ) +é;

t—1t+1

» Except for currencies, most assets have 5 < 0
» ex-ante VRP predicts variance returns
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Conditional Returns and Predictive Regressions

feturns, most of the assets have significant estimates at the 5% lev

1 Except for currencies, the

majority of assets have positive regression slope estimates, meaning that larger realized implied

variance variance retumns. In other

‘words, the t pl y These
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Table 7
Bollerslev-Tauchen-Zhou predictive nqmsmns
Panel A shows. /. from the regressio =
pesged Vix

@+ PVIXE = RV,.1,)+ €. Panel B shows f5 from the regression

sumof
overagven month, £7°45% V1% vix nihs, 7 tsthe return
o he ftures over GrFon T month.sattcsaccountin ot th ovriap following Hodric (1962 e repored n
parentheses below each estimate n brackets.

Panel B /45 7%

T=t+1m T=t+ 12m T=i+1m
) @
Australian Dollar Sar 207
(0.92) (109
British Pound 730 o013
(-3:39) (-029)
Canadian Dollar 65 23 [
1.73) (248) (150
Swiss Franc 17 030 o
(2.18) (355) @
Japanese Yen 162 037 030
(097 (037 (1.7
seps00 012 008 .
035 251
10Year UST 2679 056
@9 (1341
30Year UST 189 03
0.79) 231)
Brent Grude Oil 108 P
032 (-1053)
Natural Gas 007 096
087
1d 072
(021
Sitver 069
069
Copper oz
73)
Live Cattle o
0.12)
Soybean Meal 000
(000
Soybean Ol 126
0138
Soybeans 51
(245
‘Wheat 106
(.30
Coffee © 094
(0.40)
Com 199 37
(032) 1.34)
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Conclusion and commentaries
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Conclusion and commentaries

@ Negative VRP is pervasive across asset classes

@ Vol smile slope is heterogeneous

@ VRP not highly correlated across asset classes

@ VRP not explained by systemic or underlying risk
@ VRP related to fat-tails

@ VRP is predictable
o Commentaries:

P sensitive to sample period?
> why FX is an outlier?
» surprising divergence between 10Y e 30Y Treasuries results
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thanks!
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