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EXTENDED ABSTRACT

The accurate specification and modelling of risk
are integral to optima portfolio and risk
management. In this context, a wide variety of
conditional and stochastic volatility models has
been used to estimate latent volatility (or risk). In
both the conditional and stochastic volatility
literature, there has been some confusion
between the definitions of asymmetry and
leverage. This paper examines alternative
univariate SV models that have recently been
developed and estimated in to order to
understand the differences and similarities
between the definitions of asymmetry and
leverage. Five univariate SV models, namely the
basic SV model, SV model with leverage, and
three different types of asymmetric SV models,
are analysed in order to clarify the distinction
between asymmetry and leverage. Alternative
specifications of SV models are defined
according to the use of standardized or
unstandardized returns, with or without leverage,
in order to evaluate the differential impacts of
positive and negative returns on future volatility,
namely symmetry, asymmetry, type | asymmetry
(or leverage), type |l asymmetry, and type Il
asymmetry.
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1. INTRODUCTION

The accurate specification and modelling of risk
are integral to optima portfolio and risk
management, and for calculating Value-at-Risk
(VaR) forecasts and optimal capital charges
under the Basel Accord. In this context, a wide
variety of conditional and stochastic volatility
models has been used to estimate latent volatility
(or risk). McAleer (2005) provides a
comprehensive discussion of both univariate and
multivariate Stochastic Volatility (SV) modelsin
the literature.

In both the conditional and stochastic volatility
literature, there has been some confusion
between the definitions of asymmetry and
leverage. This paper examines adternative
univariate SV models that have recently been
developed and estimated in to order to
understand the differences and similarities
between the definitions of asymmetry and
leverage.

The plan of the paper is as follows. Section 2
presents five univariate SV models, namely the
basic SV model, SV model with leverage, and
three different types of asymmetric SV models,
in order to clarify the distinction between
asymmetry and leverage. Alternative
specifications of SV models are defined in
Section 3 according to the use of standardized or
unstandardized returns, with or without leverage,
in order to evaluate the differentia impacts of
positive and negative returns on future volatility,
namely symmetry, asymmetry, type | asymmetry
(or leverage), type Il asymmetry, and type Il
asymmetry. Some concluding remarks are given
in Section 4.

2. MODEL SPECIFICATION

Let the returns on afinancial asset, Y, , be given
by

Vi =4t &,
(1)

e =h?%,, & : N(2J,
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where 1, =E(y,|S3,,) denotes expected

returns on the financial asset, and 3, is the past
information available at time t .

In order to understand the differences and
Similarities among aternative univariate SV
models that have been developed recently,

consider the following SV models for h and
o, =logh :

Model 1: Basic SV Model Without L everage
Oy = 1+ Py +17,
2

n: N(0,07),

E(en,)=0

The basic SV model is symmetric as positive and
negative returns have identical effects on future
volatility.

Model 2: SV Model With Leverage

Oy = M+ P0r +17,,
(©)
n.: N(0,67),

E(gtnl) = po_]]

This asymmetric model was suggested by
Harvey and Shephard (1996) as a discrete time
SV model. Given current returns and volatility in
equation (3), the leverage SV model is given as

Oy = H+90; + PO, & ©XP(-0.50¢ ) 477,
7 2 N(0,07(1-p%)), @

E(em)=0.



where € isdefined in equation (1).

Model 3: Asymmetric SV Model -
Unstandar dized Returns Without
Leverage

%u:ﬂ+¢%+ﬂg+%hrwk

n: N(0,67), ©)

E(en,)=0.

This asymmetric SV model was proposed by
Danielsson (1994), and was estimated in Asa
and McAleer (2005). Equation (5) uses the
unstandardized returns in forecasting future
volatility.

Model 4: Asymmetric SV Model -
Unstandardized Returns With
Leverage

Oy = L+ o0 +7|e ]+,

n: N(0,07), ©)

E(em)=po,.

This asymmetric SV model was suggested by
Asai and McAleer (2005) to capture both
leverage and asymmetric effects. Similar
agebraic manipulation as for Model 2 yields

Oy = 1+ 90 + pO,& exp(-0.50, ) + ¥[8 +71,
’ 2 2 @)
7 N(0.07(1-p%)).

E(em)=0.

Model 4 is an adternative to Model 3 for
capturing the asymmetric effects of positive and
negative returns. Equation (6) also uses the
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unstandardized returns in forecasting future
volatility.

Model 5: Asymmetric SV Model -
Standar dized Returns Without L everage

An dternative asymmetric SV model that is
different from the two previous asymmetric SV
models can be proposed as follows:

at+l = /,l + ¢at + plo—ngt + pzo—n |€t| + 771*’

& =g exp(-05a,), ©

n : N(0,0%), E(em)=0.

This new model is an adaptation of the
exponential  GARCH (EGARCH) mode of
Nelson (1991) to the SV literature. In contrast to
Model 3, this model uses the standardized returns,

&, , in forecasting future volatility, and can

capture various types of asymmetry and leverage.

3. Sv MODEL
COMPARISON

DEFINITIONS AND

Given the developments presented above,
consider the following categories of symmetry
and asymmetry SV models, conditional on a
negative shock increasing volatility:

Symmetry: Positive and negative returns have
identical effects on future volatility;

Asymmetry: Positive and negative returns have
different effects on future volatility;

Type | Asymmetry (Leverage): A negative
correlation exists between current returns and
future volatility;

Type Il Asymmetry: Positive and negative
shocks increase future volatility, but a negative
shock has a larger effect than does a positive
shock.



Type IlIl Asymmetry: Positive and negative
shocks increase future volatility, but a positive
shock has a larger effect than does a negative
shock.

Type | Asymmetry is based on the original
framework of Black (1976) and Christie (1982),
and is aso consistent with the definition of
leverage in continuous time SV models.

In the conditional volatility literature, the
empirical results based on the GJR model of
Glosten, Jagannathan and Runkle (1992) and the
EGARCH model of Nelson (1991) typically fall
into the Type Il Asymmetry category. Leverage
effects are not possible for the GJR model,
whereas leverage is possible, though frequently
not observed, for the EGARCH model.

4. CONCLUDING REMARKS

The accurate specification and modelling of risk
are integral to optima portfolio and risk
management. Hence, a wide variety of
conditional and stochastic volatility models has
been used to estimate latent volatility (or risk). In
both the conditional and stochastic volatility
literature, there has been some confusion
between the definitions of asymmetry and
leverage.

This paper examined alternative univariate SV
models that have recently been developed and
estimated in to order to understand the
differences and similarities between the
definitions of asymmetry and leverage.

Five univariate SV models, namely the basic SV
model, SV model with leverage, and three
different types of asymmetric SV models, were
analysed in order to clarify the distinction
between asymmetry and leverage. Alternative
specifications of SV models were defined
according to the use of standardized or
unstandardized returns, with or without leverage,
in order to evauate the differential impacts of
positive and negative returns on future volatility,
namely symmetry, asymmetry, type | asymmetry
(or leverage), type Il asymmetry, and type Il
asymmetry.
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Table 1: Parametric Restrictions for Various Univariate SV Models

Authors Basic Symmetr A Tfnprﬁétr Typell Typelll
y (I_%e/veragegl Asymmetry Asymmetry
Harvey and _
shephard (1996) | P9 NA p<0 NA NA
=0 7n<0 <0
Danielsson (1994) 7 7,=0 ' s ¥, <7.<0
7.=0 |72|<_71 Kht+v.>0
Asa andMcAleer | P =0 p<0 p<0
= < <0
(2005) y=0 p=0 lWlo<-po,  po,+y5>0 1o < POy
: P =0 P <0 p, <0
This paper p,=0 0, < p,<0
p, =0 ' AR putp,>0 L

Note: * o’ is defined as the square root of E[exp(at)]. ‘NA’ denotes not applicable.
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