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Practitioners have long tried to exploit the predictability of the option implied volatility smile. Motivated by the
recent developments in the literature focusing on market-based option pricing arguments, this paper proposes
the introduction of trading volume into a vector autoregressive (VAR) model to improve forecasts of the smile
dynamics. The augmented VAR-volume model produces quality forecasts of the smile surface and explains its
dynamic changes over time relatively well. Our results suggest that the incorporation of trading volume leads
to it outperforming other alternative forecast approaches, as well as being robust to a variety of perturbations
of the data and offers scope for investors to more accurately predict option implied volatility in the future.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

In the empirical option pricing literature, option price departures
from the Black and Scholes (1973) model are often characterised by
the implied volatility smile (IVS), whereby the implied volatility tends
to vary with the option strike price. Despite the extensive literature ex-
amining alternative explanations of the smile's existence at any given
time, it is only recently that its time varying dynamics have captured
the attention of researchers in financial modelling. In fact, very few
investigations exist on the topic of forecasting the dynamics of the
smile, despite its importance to derivatives pricing, as well as portfolio
and risk management.2 This paper addresses the issue by proposing a
model that accounts for the link that exists between trading volume
and observed option prices when forecasting the IVS dynamics.

Previous studies report that the smile dynamics are time-varying
(Bates, 1991; Bollen and Whaley, 2004; Gemmill, 1996; Gonçalves and
Guidolin, 2006; Mixon, 2002). Gemmill (1996) shows that the smile
behaviour in time, being characterised by a single measure of skewness,
is dependent on the price level of the underlying index. Using over-the-
counter options trading data, Mixon (2002) finds that variations over
time in the IVS of the S&P 500 index are driven by multiple economic
state factors. In particular, structural models which have been developed
to provide explanations for the existence of the smile suggest that it is
forecastable on the basis of information related to latent factors driving
its changing shape. Recent evidence from Bollen and Whaley (2004)
and others suggests that option pricing has partly been driven by the
market trading process to incorporate new information reflected in the
net market order. The form of the relationship between trading volume
and the changing shape of the smile is, however, ambiguous. This gives
rise to a line of inquiry which examines empirically the information con-
tent of trading volume inmodelling the time series dynamics of the smile.

This paper examines the incorporation of trading volume into the
time series model of the IVS to determine if it contains information rel-
evant to the latent factors driving the time variations of option prices.
This is important for the validation of the economic explanations under-
lying the smile evolution, oneofwhich is directly related to the arrival of
new information to the market. In fact, economic theory has long
established that a slow diffusion of news into the market may cause a
lead–lag (causal) relationship between volume and asset prices. While
this proposition has clearly been shown to exist in the equity market
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through the development of many influential, theoretical models, such
as the sequential information hypothesis (Copeland, 1976) and the
noise trading hypothesis (Brock and Lebaron, 1996; Harris and Raviv,
1993; Iori, 2002), empirical work on this line of inquiry has received
little attention in the field of options research. This study therefore at-
tempts to fill the gap in the literature by specifically seeking to examine
whether past volume contains additional, useful information about the
future dynamics of the smile. This is in contrast to the existing studies
which have mainly focused on either a contemporaneous relationship
between volume and option prices (Bollen and Whaley, 2004; Ni
et al., 2008) or a lead–lag relationship between stock and option mar-
kets (Anthony, 1988; Chan et al., 2002).

Further, this paper's special interest in the role of trading volume in
forecasting the smile dynamics rests on the scarcity of studies which
link the volume-implied volatility relationwith forecasting applications.
Previous studies which examine the effect of trading on option pricing
do so primarily to investigate the efficiency of the option markets, not
to improve the forecasts of the smile dynamics per se. Some exceptions
that do focus on using trading volume to forecast volatility include
Brooks (1998), Donaldson and Kamstra (2005), and Le and Zurbruegg
(2010). The latter two papers both find evidence that the usage of trad-
ing volume information can improve volatility forecasts. Donaldson and
Kamstra (2005) use trading volume as a switchingmechanismbetween
using ARCH and option implied volatilty estimates, while Le and
Zurbruegg (2010) incorporate trading volume directly into the variance
equations of EGARCH models. They show that by doing this, volatility
forecasts for highly liquid S&P 500 stocks improve. However, they cau-
tion that this effect may diminish for less traded stocks.

The above papers provide impetus for us to consider whether this
lead–lag relationship between volume andoption pricemay also be use-
ful for IVS forecasts, as well as option implied volatility forecasts
in general. To examine this, we incorporate trading volume into a
vector-autoregressive (VAR) structure as part of a two-stage process to
model the smile dynamics proposed by Gonçalves and Guidolin (2006)
since this particular technique appears to fare relatively well compared
to other competing forecastingmodels existing in the literature. This ap-
proach is intuitively appealing, not only to determine the importance of
the link that exists between volume and option pricing but also to high-
light the potential information captured by trading activity. It delivers a
simple yet effective mechanism which may prove to yield a beneficial
improvement in forecasting option implied volatility (price). To assess
the performance of the proposed model, both statistical and economic
criteria are used in the assessment. From the economic perspective, dif-
ferent simulated trading strategies are performed, both with and with-
out transaction costs, to evaluate whether the inclusion of trading
volumedoes lead to tangible benefits to option traders andpractitioners.

Options traded on the S&P 500 index in the period from 2nd January
1996 to 8th September 2009 are examined in this study. Results
produced by the investigation suggest that the proposed augmented
VAR-volume model leads to quality forecasts of the smile surface and
explains relatively well its time series properties. Further, out-of-
sample evidence indicates that the inclusion of trading volume leads
to improved forecasts, outperforming other alternate forecasting tech-
niques. This is particularly true for options that are more liquid. This
would provide support to the extant research aiming to examine the
information reflected by market trading activities. The findings offer
an important insight into the empirical relation between volume and
asset prices in the context of option pricing, confirming that changes
in the level of market trading activities are important for explaining
the empirical time variations of the IVS.3

The remainder of the paper is structured as follows. Section 2
describes the nature of the data set and the different assessment criteria
employed to evaluate the forecast performance of the proposed VAR-
volume model in comparison with other prominent forecasting tech-
niques used in the literature. Section 3 is devoted to the discussion of
some key findings which emerge from the empirical results, while
Section 4 provides a conclusion and outlines some directions for future
research.

2. Data and methodology

2.1. Data

The primary data set employed in this study is from the Securities
Industry Research Centre of Asia-Pacific (SIRCA). The data consist of
intra-day records of all trades of the S&P 500 index options transacted
on the Chicago Board Options Exchange (CBOE) from 2nd January
1996 to 8th September 2009. Of this sample, the first period from 2nd
January 1996 to 26th January 2004 is used for the in-sample hypothesis
testing and model construction,4 while the remaining data are utilised
for the out-of-sample evaluation. It is important to note that S&P 500
index options are of European style and expire on the third Friday of
each calendar month. Each option is categorised as a put or a call and
characterised by its strike price and time to expiration, as distinctively
identified by its Reuters Instrument Code (RIC). Minute-to-minute
observations of the index level are also collected from the same SIRCA
database. All the remaining data, including the dividend yield on the
S&P 500 index and the 30-day bank accepted bill rate, which is utilised
as the risk free rate, are collected from DataStream International.

In contrast to the OptionMetrics Ivy database, which only has re-
cords of the last trade of the day for each option series employed in sim-
ilar studies, the data used in this paper report all transactions executed
throughout the day, with the exact time stamp of trading to the nearest
millisecond. This applies a tight time sampling window on the daily
observation of option trades available. In fact, only those options
which are actively traded during the next-to-closing trading session
from 3:00 pm to 4:00 pm every trading day are used.5 This choice is
optimal for the minimisation of the effect of non-simultaneity of trades
and other potential intra-day trading effects,6 while maintaining a suffi-
cient number of traded options to construct the implied volatility sur-
face each day.

In addition, several other exclusionary filters, analogous to those in
Bakshi et al. (1997), Bollen and Whaley (2004) and Gonçalves and
Guidolin (2006), have been applied to ensure the integrity of the data
when running our in-sample regressions. First, only options with less
than 180 days to maturity are selected to avoid problems associated
with no trades. Second, optionswith less than 5 days tomaturity are ex-
cluded to eliminate any effect of option expiration.7 Third, following
Bollen and Whaley (2004), options with absolute delta below 0.02
and above 0.98 are also excluded due to distortions caused by price dis-
creteness. Fourth, trading dates which have less than 5 option series
traded within the trading window previously specified are eliminated
to avoid the adverse effect of illiquid trades and price discreteness in
fitting the daily smile surface. Finally, the data are filtered for any

3 The approach of this paper is closely related to studies which either feature option
pricing models based on a general equilibrium framework or employ market-based argu-
ments to explain the time varying properties and other stylised facts of the IVS (see Bollen
andWhaley, 2004; Chan et al., 2004; Garcia et al., 2003; Gârleanu et al., 2009;Guidolin and
Timmermann, 2003; Kang and Park, 2008; Ni et al., 2008).
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6 Please refer to Battalio and Schultz (2011) for a discussion of the problem of non-
synchronous prices and microstructure issues responsible for most of the apparent arbi-
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may be a significant time lag between the closing trades of different option series
transacted within the same reported trading day.

7 Gonçalves and Guidolin (2006) further argue that their prices contain liquidity-
related bias and contain little information on the time dimension of the IVS.
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