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h i g h l i g h t s

• We propose two news impact curves for stochastic volatility models.
• We use a rejection sampling method to compute the conditional density of the (log) volatility.
• We show a scatter plot of the return and the volatility using the Markov chain Monte Carlo scheme.
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a b s t r a c t

This paper proposes a couple of new methods to compute the news impact curve for stochastic volatility
(SV) models. The new methods incorporate the joint movement of return and volatility, which has been
ignored by the extant literature. The firstmethod employs the BayesianMarkov chainMonte Carlo scheme
and the other one employs the rejection sampling. The bothmethods are simple, versatile, and applicable
to various SV models. Contrary to the monotonic news impact functions in the extant literature, the both
methods give the U-shaped news impact curves comparable to the GARCHmodels. They also capture the
volatility asymmetry for the asymmetric SV models.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Modeling and forecasting financial asset volatility have at-
tracted many researchers and practitioners since the seminal
work of Engle (1982) that proposes the autoregressive conditional
heteroskedasticity (ARCH) model. Bollerslev (1986) proposes the
generalized ARCH (GARCH) model and a number of extensions,
including asymmetric GARCH models such as the exponential
GARCH (EGARCH) model of Nelson (1991) and the GJR model of
Glosten et al. (1993), have followed. Extensive literature such as
Taylor (1986), Ghysels et al. (1996) and Shephard (1996) has stud-
ied another class of volatilitymodels called the stochastic volatility

∗ Corresponding author.
E-mail addresses: m-takahashi@kellogg.northwestern.edu (M. Takahashi),

omori@e.u-tokyo.ac.jp (Y. Omori), watanabe@ier.hit-u.ac.jp (T. Watanabe).

(SV) models. These models have various specifications on volatil-
ity dynamics which imply different impact of past return shocks,
or information, on the return volatility.

Engle and Ng (1993) define the news impact curve which mea-
sures how the new information affects the return volatility in the
context of GARCH models. In GARCH models, today’s volatility is
a function of observations up to yesterday and therefore today’s
news shock is a change of today’s return not explained by the es-
timated today’s volatility. With today’s volatility fixed, typically at
the unconditional volatility, a plot of tomorrow’s volatility against
today’s news shock shows the well known U-shaped news impact
curve. The news impact curve also reflects the volatility asymmetry
or leverage effect (a negative shock yields higher volatility than a
positive shock) for asymmetric GARCHmodels such as the EGARCH
and GJR models.

The news impact curve for SV models has been defined
similarly in the extant literature. The news impact function is
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typically defined as the expectation of tomorrow’s volatility con-
ditional on today’s return with today’s volatility fixed at the un-
conditional volatility. Contrary to the U-shaped news impact curve
for GARCHmodels, this news impact function is a flat line for sym-
metric SVmodels and downward-sloping curve for asymmetric SV
(ASV) models. The monotonic news impact curve, instead of the
U-shaped curve, for SV models is due to the different specification
of volatility process. Contrary to GARCH models, SV models treat
today’s volatility as a latent variable and thus a change of today’s
return can be due to either a change of volatility or news shock, or
both. Therefore, it is problematic to define the news impact func-
tion with today’s volatility fixed as in GARCH models.

Considering the jointmove of today’s volatility and news shock,
this paper proposes a couple of newmethods to compute the news
impact curve for SV models. The first method employs the Markov
chain Monte Carlo (MCMC) scheme and the other one employs the
rejection sampling. The both methods are versatile and applica-
ble to various SV extensions such as the realized SV models pro-
posed by Takahashi et al. (2009) and Koopman and Scharth (2013).
An empirical example with Spyder, the S&P 500 exchange-traded
fund, shows that the both methods give a U-shaped news impact
curve comparable to theGARCHmodels and also capture the asym-
metry for the ASV models.

The rest of this paper is organized as follows. Next section illus-
trates the problem in the traditional method to compute the news
impact curve for SV models. Section 3 proposes the new methods.
Then, we demonstrate the news impact curve with actual daily re-
turns of Spyder in Section 4. The final section concludes.

2. News impact curve

To illustrate a news impact curve, consider an asset return,

rt = σtϵt , ϵt ∼ N(0, 1), (1)

where rt is the asset return and we call σ 2
t volatility in this paper.

Engle and Ng (1993) define the news impact function as a rela-
tion between rt and σ 2

t+1, implied by a volatility specification, with
all lagged conditional variances evaluated at the level of the un-
conditional variance of the asset return, σ 2. GARCHmodels specify
σ 2
t+1 as a function of the information up to t . Since σ 2

t is known at
t − 1, a change of rt is solely due to a change of ϵt . This feature
of GARCH models justifies the news impact function with lagged
conditional variances fixed at σ 2. For example, GARCH(1, 1) model
specifies the volatility as follows.

σ 2
t+1 = ω + βσ 2

t + αr2t , (2)

where it is assumed thatω > 0, β ≥ 0 andα ≥ 0 to assure that the
volatility σ 2

t is always positive and that |α + β| < 1 to guarantee
that the volatility is stationary. The news impact function is then

σ 2
t+1 = ω + βσ 2

+ αr2t . (3)

This implies the well known U-shaped news impact curve.
Under SV models, however, σ 2

t is a latent variable and hence it
is unknown at t − 1. For example, consider the following standard
SV model.

ht+1 = µ + φ(ht − µ) + ηt , ηt ∼ N(0, σ 2
η ),

cov[ϵt , ηt ] = ρσ 2
η ,

(4)

where ht = log σ 2
t , |φ| < 1 for stationarity, and ρ captures the

volatility asymmetry. If ρ = 0, this model becomes the symmetric
SV model. If ρ < 0, it is consistent with the volatility asymmetry
or leverage effect observed in stock markets.

Following Yu (2005), we define the news impact function for SV
models as a relation between rt and ht+1 in this section while we
also consider the relation between rt and σ 2

t+1 in the next section.

Contrary to GARCH models, a change of rt is due to a change of
either ϵt or ht , or both. This implies a stochastic relation between
rt and ht+1 instead of the deterministic relation in GARCH models.
This relation can be expressed as a conditional expectation of ht+1,

E[ht+1|rt ] = µ + φ(E[ht |rt ] − µ) + E[ηt |rt ]

= µ + φ(E[ht |rt ] − µ) + ρσηrtE[exp(−ht/2)|rt ]. (5)

Replacing the conditional expectations with the unconditional
expectations yields the following news impact function,1

E[ht+1|rt ] ≈ µ + ρση exp


−

µ

2
+

σ 2
η

8(1 − φ2)


rt . (6)

If ρ = 0, this is a flat line. If ρ < 0, this is a downward sloping line.
Such a monotonic news impact line is due to ignoring the de-

pendence between rt and ht and replacing the conditional expec-
tations with the unconditional ones. If E[ht |rt ] is increasing in the
absolute return |rt |, the conditional expectation in (5) implies a
non-monotonic news impact curve. Thus, incorporating the joint
distribution of rt and ht may give the U-shaped news impact curve.

In the next section, we propose a couple of new methods
which incorporate the joint movement to compute the news im-
pact curve. Instead of directly computing the conditional expecta-
tions, E[ht |rt ] and E[exp(−ht/2)|rt ], we take a simulation based
approach in two different ways. The first method employs the
Bayesian MCMC scheme, which does not require possibly compli-
cated conditional distributions but only a stationary distribution of
h. The other method estimates the conditional density by a simple
rejection sampling. The both methods are versatile to various SV
specifications.

3. Newmethod

We illustrate our newmethods to compute a news impact curve
for the standard SVmodel given by Eqs. (1) and (4).We assume that
|φ| < 1 for a stationary log-volatility process, h0 = µ, and

η0 ∼ N


0,

σ 2
η

1 − φ2


. (7)

3.1. New method via Bayesian MCMC scheme

We incorporate the joint movement of ht and rt (or ϵt ) by
generating ht , rt , and ht+1 from the joint distribution via the
Bayesian MCMC scheme. Specifically, we implement the following
procedure.

(i) Set parameters (φ, µ, ρ, ση).
(a) Generate h from its stationary distribution,

h ∼ N


µ,

σ 2
η

1 − φ2


, (8)

and ϵ from the standard normal distribution, ϵ ∼ N(0, 1).
(b) Compute daily return,

r = ϵ exp(h/2), (9)
and one day ahead volatility forecast,
ĥ = µ + φ(h − µ) + ρσηϵ. (10)

(ii) Repeat step (i) for K times.
(iii) Estimate the news impact curve by fitting curves in the

generated K pairs of r and ĥ.

1 See, e.g., Yu (2005) and Asai and McAleer (2009) for other approximation
methods.
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