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Introduction

Overview

@ Infrequent but influential events can have a substantial effect on financial markets
and asset prices

@ Time variation in the risk of these events can move markets and cause variation in
risk premia
Jump Risks, the VIX, and Return Predictability:

@ The risk of infrequent jumps in long-run cash-flow growth and in volatility is
important for equilibrium asset pricing

@ A VIX-related quantity, the variance premium, reveals time variation in these jump
risks and has significant return predictability
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Introduction

Summary of Results

@ Theoretically show the link between time variation in uncertainty and jump risks to
the economy, and the VIX’s ability to predict returns.

@ A consumption-based model with Long-Run Risks and rich uncertainty dynamics
can account for

@ Standard Asset Pricing moments of returns and cash flows
@ Not-so-standard moments of VIX/volatility
© Short-run predictability by VIX/variance premium

@ Non-Gaussian transient dynamics are important for capturing the
uncertainty-related component of asset prices.
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Variance Premium

What is the VIX?

@ The CBOE’s Volatility Index
@ Computed using the whole set of S&P 500 options maturing at a given date

@ Based on recent work on model-free implied volatility
e Jiang and Tian (2005), Carr and Wu (2007) generalize for general jump-diffusion

These papers show that:

VIXZ = EQ [j‘,’“ (dr)z}— risk-neutral expectation of integrated variance over the
next 30 days

e ie. VIX,2 is the cost of a static option position that replicates the payoff of a
variance swap
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Variance Premium

Variance Premium

(VPy) Variance Premium; = VIX? — &2

@ Is the difference of the (expected) integrated variance under the P (physical) and
Q (risk-neutral) measures over the next month.
@ Our 52 comes from forecasting (S&P 500 futures) realized variance: 1" (Ar)2

VP(Fut—forecast)

Mean 11.20
Std.-Dev. 7.64
Minimum 3.27
Skewness 2.43
Kurtosis 12.16
AR(1) 0.65

@ Note: This (ex-ante) quantity was always positive

@ Positive skewness, large kurtosis
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Variance Premium

Variance Premium Predicts Returns: Monthly Regressions

Dependent Regressors OoLS Robust Reg.
X1 X2 B4 Be R?(%) B4 B2 R?(%)

Iryq VP 0.76 1.46 1.12 3.20
(t-stat) (2.18) (2.77)

It VP4 1.26 4.07 1.21 3.75
(t-stat) (3.90) (2.97)

[ VP, 0.86 5.92 0.87 6.09
(t-stat) (3.19) (4.12)

It VPy log (P/E); 1.39 -48.67 8.30 1.81 -50.52 10.77
(t-stat) (3.00)  (-3.04) (4.33)  (-4.36)

Tryq VP;_y  log (P/E), 2.09 -58.12 13.43 1.98 -57.30 12.61
(t-stat) (4.82)  (-3.50) (4.68)  (-4.85)

@ VP; Regressor is not very persistent — no spurious regression/bias/std-error.
@ Motivation that these R%s can be economically significant:
1+sg

o R? ~ R? (Cochrane 1999)

w/ timing max unconditional SR? increases by

= annualized SR increases from 0.54 to: 0.90 (R2 = 4.07%) 1.19 (R2 = 8.30%)
o R comparison: dp ratio 1.5%  detrended short rate 1.9% (Campbell, Lo, MacKinlay)
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General Framework w/ Jumps

State vector: Y; € R” with affine dynamics

Yier = p+ FYi+ Gz + i

Ztp1 N(O)I)
N1

=D&
=

N;_; are (conditionally) independent Poisson counting processes

The jump sizes & are i.i.d

@ \; = ho? is the vector of jump intensities (/ € R")

@ Preferences: Epstein-Zin

~ is the coefficient of relative risk aversion

1 is the elasticity of intertemporal substitution
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Dynamics: Long-Run Risks and Jumps

Yier = p+ FYi+ Gz + i

Our calibrated specification:

_ 2
Yigr = (ACI+17X1+170,+17Adt+1>

Et(Act1) = pet+x
Ei(Xt41) = pxXt
E (o) = E(0})+po(of — E(oD)
Ei(Adi1) = po+ X
GG} = h+ Hyo?
Jumps arein x; and 02 Jpi1 = (0, Jy,t41, o 141, 0)

& ~N(0,02) & ~T(vo, 22)

o
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Variance Premium: Main Component

@ Let ry 11 be the (log) return on the market

@ The main component of the variance premium is:

vard (i, ¢1) — varf (m,t11)

To solve for this:

@ Solve for Epstein-Zin pricing kernel (for jumps, use moment generating functions):

Myt — Exmypq = =N (Gizig1 + g1 — Et(di41))

The price of risk vector A depends on preferences:
@ Forvy =1/y (CRRA), N =(v,0,0,0)
@ Forvy #1/¢, A= (v,Ax,\s,0)
@ We note importance of v > 1, ¢) > 1 for signs of risk prices
@ eg. N, <O

Drechsler-Yaron What’s Vol Got to Do With It



Variance Under P and Q

@ Solve for ry ++1 as a function of Y; and the shocks:

Im,t+1 — Etlrm,t41] = BrGiZe1 + Br(Ji1 — Et[dr1])
@ Under P the conditional variance is:
varf (fme11) = BiGiGBr + Y BE(i)vare(Ji1,1)
i
= B.G/G,B + B? diag (¢<2>(0)) At
- Note: v;(u) is the moment generating function of &;

@ Under Q the conditional variance is:

var(rm,111) = BLGG{Br + B ding (03 (—))
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Difference of Variances

@ The main component of the variance premium is the difference:

var® (1, 41) = varf (1m,11) = BE diag (v (=) = v@(0)) Ar

@ =0 when shocks are purely Gaussian since Gaussian components cancel
@ =0 for CRRA preferences since Ax = Ax =0
@ Otherwise, reveals the latent jump intensity A!

@ For~ > 1,4 > 1 and our jump specifications this is always positive
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Predictability

@ predictive regression:

Fmyt4d — it = @+ Bpred (Varta(fm,m) — vart(fm, t11 )) + €41

@ )\ is in risk premia via o2

varto(rmyt“) — varf (rm,¢11) “reveals” \;

= var@(rp 111) — varf (rm, 1) has predictive ability
0 v>1,9>1 = Bea>0

@ variation in A; accounts for the predictive power
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Calibration Results

Calibration

Table VI
Model Calibration Results

Statistic Data Maodel
5%  50%  85%

Cashflow Dynamies
E[Ad] L.BE (0.32) 0.90 1.26 288
a(Ac) 221 (0.52) 194 234 295
AC1(Ad) 043 (012) 026 046 064
E[Ad] 1.54 (1.53) -1.58 1.74 A.65
a(Ad) 1369 (191) 1104 1323 1572
AC1(Ad) 014 (014) 013 031 050
corr(Ae,Ad) 059 (011) 011 038 0.56

Returns
Efr,.) 6G.23 (1.96) 3.29 G40 10,22
E[rs] 0.82  (035) 052 108 153
Tl 19.37 (1.94) 1630 19.42 23.90
alrg) 189 (017) 080 122 238
Elp—d] 3.15 (0.07) 2.98 3.05 3.13
alp—d) 031 (n.02) 013 017 022
skew(r,, —rg) (M) -0.43 (0.54) 089 -0.21 030
kurt(ry, —rg) (M) 0.03 (1.26) 4.08 712 1470
AC (1 — 7¢) (M) 009 (0.06) 000 -0.01 006
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Calibration Results

Calibration

Table VI
Model Calibration Results

Statistic Data Madel
5% SO0 95%

Variance Premium

olvary(rm)) 1718 (2.21) 6.02 2346 T3.23
ACL{vare(rm)) 0.81 (0.04) 0.66 082 092
AC2{vare(rem)) 0.64 (0.08) 045 067 085S
E[VP] 11.27 (0.93) 4.02 74T 17.63
(VP) 76l (L0S) 3.00 1065 3323
skew(V P) 2.39 (0.59) 1.84 336 536
kurt(VP) 1203 (3.30) 652 1574 38.00
A1) 076 (0.35)  -0.30 083 203
R2(1) 146 (L.52) 002 194 973
3(3) 086 (0.27) 027 076 209
R3(3) 592 (4.67) 004 421 23.80
3(6) 049  (0.24) 038 055 168
R2(6) 397 (4.74) D.O7T 566 3364
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Calibration

Calibration Comparative Statics: Shutting Off Jumps

Table IX
Model Calibration Results

Statistic Data Model 1-A Maodel 1-B Model 1-C

o7 =00 o sz B0 o7 o7 . o
5% 50%  95% 5% 50%  95% 5% 50%  95%

)

Variance Preminm

afvary(rpm)) 1718 (2.21) 464 622 944 | 340 1051 3221 | 345 476 T.A5
ACL{var,(r,n)) 081 (0.04) 079 087 083 | 065 08 0924 | 08 087 093
AC2 var,(r,n)) 064 (0.08) 063 075 086 | 043 066 084 | 064 075 087
EVP] 1127 (0.93) 022 030 040 | 023 041 110 | 002 002 003
a(VP) 761 (108) 012 017 025 | 019 059 18 | 001 001 002
skew(V P) 239 (0.59) 032 088 171 | L79 326 512 | 036 082 160
kurt(V P) 1203 (3.30) 235 333 672 | 670 1522 3508 | 234 326 630
Bty 076 (035) | -33.43 T43 6041 |-14.04 431 2852 | -478.07 3943 60436
RE(1) 146 (1.52) 000 022 242 | 001 06l 589 | 001 020 196
Bi3) 086 (027) | -32.28 610 6227 |-13.83 327 2025 | 48547 3043 60436
R2(3) 592 (4657) 000 050 T3 | 001 139 1070 | 001 053 524
36) 049 (0.24) | -33.47 444 4704 | -10.89 250 1630 | -447.01 2035 52227
RA(6) 307 (474) 0016 111 1262 | 001 174 1583 | 001 104 911
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Calibration

Calibration Overview

@ Matches time-averaged annual moments of consumption and dividends
@ standard unconditional moments: the equity premium and risk free rate

@ nonstandard moments: conditional volatility, variance premium, and predictive
regressions

@ compare data to model-based finite sample statistics with the same sample length
as the data counterpart

Parameter highlights:
e v=10, =20
@ x: px =0.975, I x = 0.75/12, jump’s ox = 2.5x gaussian std. dev
@ 02 j, = 0.8975, I , = 0.75/12, v, = 1.0, po = 2.5

Note: /; x 12 is average number of jumps per year
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