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A B S T R A C T

We utilize the respective information share and common factor component weight approaches of
Hasbrouck (1995) and Gonzalo and Granger (1995) to examine price discovery competition
between the VIX and VIX futures. Our results show that VIX futures prices play a dominant role
in the overall process of price discovery. An increase in the price difference between the VIX and
VIX futures, commonly referred to as the futures basis, causes a corresponding increase in the
contribution to price discovery made by VIX futures. Our empirical results also show that news
announcements on macro-economic issues in the United States increase the dominant role of
VIX futures in the overall process of price discovery. This dominant role remains unchanged
when compared to VIX exchange-traded products and the volatility indices on non-US equity
exchange-traded funds.

1. Introduction

Theoretically, no lead–lag relation should exist between the spot and futures markets in a perfectly efficient market. Nonetheless,
in terms of real-world spot and futures prices, futures markets are likely to incorporate information more efficiently than spot
markets due to futures markets’ inherent leverage, low transaction costs, and the absence of any short-selling constraints (Stoll and
Whaley, 1988; Wahab and Lashgari, 1993; Iihara et al., 1996; Koutmos and Tucker, 1996; Pizzi et al., 1998; Tse, 1999; Booth et al.,
1999; Brooks et al., 2001; Hasbrouck, 2003; Covrig et al., 2004; Chou and Chung, 2006; Gaul and Theissen, 2008). Price discovery in
the futures markets is commonly recognized as the use of futures prices to determine expectations in spot market prices (Schroeder
and Goodwin, 1991; Yang et al., 2012). Price discovery in futures markets is an important issue that continues to receive
considerable attention in the related finance literature.

We examine whether the intraday price discovery of VIX futures prices contributes to the efficiency of the Chicago Board Options
Exchange Volatility Index (CBOE VIX). We also investigate the determinants of price discovery for VIX futures. The CBOE VIX is
compiled from a portfolio of S & P 500 index options to assist in the approximation of the expected aggregate volatility of the S & P
500 index during the subsequent 30-calendar-day period. As a result of increasing demand for practical market risk management,
VIX futures volume has increased sharply since its inception, especially after the introduction of VIX options.

The traditional view on the speed of adjustment of asset prices in response to the arrival of new information is that the degree of
leverage, transaction costs, asset price volatility, and liquidity across markets that trade almost homogeneous assets determine the
difference in market responses. Liquidity and transaction costs are most commonly studied as factors that influence price discovery
in the various futures markets. In the equity index futures market, Ates and Wang (2005) find that for the S & P 500 and Nasdaq 100
indices, the joint effects of operational efficiency and relative liquidity determined that electronic trading made a greater contribution
to price discovery relative to open-outcry. Following a reduction in the minimum tick size in the stock market, Chen and Gau (2009)
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note a reduction in the bid–ask spreads of the component stocks of the stock index, along with a corresponding increase in the
contribution of the spot market to price discovery. Furthermore, Wang et al. (2013) find that the relative liquidity between regular
and mini index TAIFEX futures affects the price discovery of the latter. In the stock options market, Chakravarty et al. (2004) find
that price discovery in the options market is positively related to relative trading volume, relative bid–ask spreads, and underlying
volatility. In the Treasury futures market, Mizrach and Neely (2008) and Fricke and Menkhoff (2011) show that the relative bid–ask
spreads, trading volume, and realized volatility each have a statistically significant effect on price discovery in the US market. Finally,
in the foreign exchange futures market, Chen and Gau (2010) find that the currency futures market makes a greater contribution to
price discovery when the futures market is more liquid. Given the unique characteristics of volatility asset classes, we contribute to
the literature by examining the role of the VIX futures basis—that is, the difference between a VIX futures price and the spot VIX
index—in volatility price discovery.

The measure of the VIX futures basis is defined as the level of the VIX index minus the price of the nearest VIX futures contract.
The level of the spot VIX represents the risk-neutral expected 30-day market volatility conditional on today's information, whereas
the prices of VIX futures are based on the current expectation of what the expected 30-day market volatility will be on the futures
expiration date. In other words, VIX futures basis measures the difference between the market's short-term volatility expectation and
the relatively longer-term expected volatility and thus may capture information about the slope of the volatility term structure under
the risk-neutral measure. Johnson (in press), building on work by Mixon (2007), finds that the slope of the VIX term structure
predicts returns for volatility derivatives. Consequently, we investigate whether the VIX futures basis also plays a role in volatility
price discovery.

Previous research finds that the mean reversion in volatility may affect the magnitude of the VIX futures basis. Numerous prior
theoretical studies, including Lu and Zhu (2010), Zhang et al. (2010), Dupoyet et al. (2011), and Huskaj and Nossman (2013),
suggest the inclusion of the mean-reverting property in modeling term structure dynamics. For example, the VIX futures basis
typically increases after a big market drop because the spot VIX index spikes and then slowly reverts to its long-run mean. Hibbert
et al. (2008) and Da et al. (2015) show that the behavior of investors tends to lead to excess volatility in the short run; that is, during
a period of market crisis, the behavioral biases of investors are likely to cause a significant spike in the spot VIX index. The difference
between short- and long-term volatility expectations cannot be easily eliminated by arbitrage activities, due to the non-tradable
characteristic of the spot VIX. Investors cannot directly trade the spot VIX and have difficulty achieving timely replication of the VIX.
Although the literature widely accepts that the value of the VIX is derived from the market prices of a portfolio of S & P 500 index
options, it is not simply a weighted sum of the underlying options because the S & P 500 index options, from which the VIX is
computed, sum the square of the VIX, not the VIX itself. As such, investors cannot easily buy or sell a basket of index options with
expiration prices that are equal to the index, essentially because of the non-linear transformation. As a result, the contribution of the
VIX to price discovery may be reduced.

We adopt Hasbrouck's (1995) information share approach, which requires the estimation of a vector error correction (VEC)
model, and Gonzalo and Granger's (1995) common factor component weight approach for our analysis. We use these two
approaches, which have been widely used to explore the extent of price discovery, to explore intraday price discovery in the VIX and
VIX futures markets (e.g., Mizrach and Neely, 2008; Fricke and Menkhoff, 2011; Forte and Pena, 2009; Chen and Gau, 2010; Chang
et al. 2013; Chakravarty et al., 2004). The sample period from May 3, 2004 to August 30, 2011 and includes newly established and
rapidly growing VIX derivatives markets.

The information share and common factor component weight approaches provide a better understanding of the contribution of a
market to price discovery. Therefore, we examine time-varying price discovery based on the calculation of both the daily information
share and the common factor component weight measures. Our empirical findings show that the average information share
(common factor component weight) of VIX futures is approximately 2.70 (2.83) times greater than that of the spot VIX, thereby
providing strong support for the leading role of VIX futures in the overall price discovery process. The VIX futures basis is positively
related to both the information share and the common factor component weight of VIX futures, at a level of significance of at least 5
percent. In other words, when the VIX futures basis is more positive, representing a downward-sloping term structure where the
spot VIX index is higher than the VIX futures contract, price discovery in the VIX spot (futures) markets decreases (increases).

Given a theoretical linkage between the VIX index and S & P 500 index options, the high-frequency properties of S & P 500 index
options may affect the importance of the role of the futures basis on intraday price discovery. Jiang and Tian (2007), for example,
find that when high-frequency S & P 500 index option prices are used, systematic overestimation occurs in the measurement of the
VIX during periods of rapid market movement. To overcome the problem of overestimation, several recent studies suggest the use of
corridor implied volatility because it is likely unrelated to the liquidity of the S & P 500 index options market (e.g., Andersen and
Bondarenko, 2007; Andersen, Bondarenko, and Gonzalez-Perez, 2015; Dotsis and Vlastakis, 2016). Our empirical results remain
unchanged when using corridor implied volatility. In addition, in unreported tests, we use corridor implied volatility to calculate the
futures basis instead of the VIX and find a significantly positive relation between price discovery and VIX futures.1 The CBOE
switched to the use of S & P weekly options to calculate the VIX, when appropriate, on October 6, 2014, to reduce some measurement
biases.

More interestingly, we find an increase in the contribution made by VIX futures prices to the overall process of price discovery
during periods of macroeconomic announcements in the United States, particularly with regard to the consumer price index (CPI;

1 Results are available on request. We thank Professor Grigory Vilkov for sharing the Matlab codes to compute the measure of corridor implied volatility (http://
www.vilkov.net/).
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