
Abstract

This paper examines the behaviour of the
‘VXO’, previously called the ‘VIX’, and
‘VXN’ measures of the volatility implied by
stock index options. From the mid-1990s to the
end of 2002, the volatility measures seem to
reflect both sentiment associated with market
declines (‘fear’) and imminent actual volatility.
There is a stark difference between the early and
late parts of that time interval, however. Prior to
the Russian default in August 1998, the
volatility measures do not forecast imminent stock
index volatility; the VXO in this early period

seems to be reflective of investor fear. In the
interval after the Russian default, however, both
the VXO and the VXN reflect future volatility
rather than investor fear.

INTRODUCTION

The VIX, the implied volatility of 30-day
options on the S&P, has gained popularity
as an indicator of investor fearfulness about
future declines in stock prices.1 Some
market participants claim that, when stocks
prices decline, investors become afraid of
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section the results are discussed. The final
section concludes.

BACKGROUND

The VXO, which has been calculated by
the Chicago Board Options Exchange
(CBOE) since 1993, reflects the volatility
implicit in 30-day options on the S&P100,
an index of 100 large cap stocks. S&P100
puts and calls which have strike prices close
to the money and which have fewer than
30 calendar days or somewhat more than
30 calendar days to expiration are each
used to obtain an implied volatility.2 The
implied volatility estimates from the
different options whose strike is close to
the money and expiration dates are close to
30 days are combined to compute an
average ‘implied volatility’ that
approximates the 30 day mark.

Some years later, the CBOE began to
compute a volatility measure for the
Nasdaq-100, using a similar methodology.
That new measure, called the ‘VXN’, was
calculated back to 1995. Figure 1 shows
the VXO and VXN since 1995.

There are two quite different perspectives
on these volatility measures. The typical
academic perspective is that market
participants have a forecast of future
volatility for the underlying stock index.
They insert that forecast of future volatility
(as well as the strike price of the option,
the current level of the S&P, its dividend
yield, the risk-free rate and the time to
expiration) into a model such as
Black-Scholes to derive an option value
that corresponds to that expected volatility.
The higher the inserted volatility, the

holding stocks, and their fears are reflected
in a higher VIX. Indeed, it has become
common for financial commentators to
refer to the VIX as the ‘fear gauge’. An
alternative viewpoint, rooted in the theory
of options, is that the VIX forecasts the
imminent volatility in the S&P.

Whether or not the VIX is a fear gauge
has implications for market efficiency and
for whether certain types of trading
strategies involving options on stock
indexes are profitable. For example, if
investor fear raises option premiums, there
might be profitable opportunities to sell
index options (and hedge them) at such
times. In contrast, if expected volatility is
raising option premiums, and if volatility
does turn out to be high, selling and
hedging index options when the
VIX/VXN rise would not end up being
profitable. Yet, the literature to date does
not contain any careful tests of the relative
validity of the two viewpoints.

This paper investigates the extent to
which the VXO — the new label for
the original VIX — and VXN forecast
future stock market volatility versus the
extent to which they reflect market
participants’ short-term fears. (Until late
2003, the ‘VIX’ corresponded to options
on the S&P100; since then, it has been
redefined to apply to options on the
S&P500 and reflects a new methodology;
at that time, the new name ‘VXO’ was
assigned to the implied volatility on the
S&P100 as originally specified.) The plan
of the paper is as follows: the next
section discusses the background of the
issue; the following section presents the
model and empirical results; in the next
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higher will be the calculated value of an
option on that stock index. From this
perspective, high option premiums in the
market reflect the fact that market
participants are anticipating high volatility
for that stock index over the option’s life.

Fleming et al.3 investigate whether the
implied volatility predicts future volatility
over the 1987-93 time interval. They find
that the VIX does have some predictive
power, although it is a biased estimator of
future volatility. Fleming4 also finds some
predictive power in the VIX, and
Christensen and Prabhala5 find both
predictive power and unbiasedness, using an
instrumental variables approach that is
designed to circumvent the measurement
problems inherent in the VIX
computations.

The alternative interpretation of the
VXO and the VXN is that they reflect

investor concern about the stock market
rather than an estimate of future volatility.
For this interpretation, the implicit
argument is something like the following:
people rush in to buy options when they
are nervous. Put options on the S&P100,
for example, protect against the downside
on a portfolio of large cap stocks. That
protection against downside risk is more
desirable when stockholders are worried.
Call options provide upside possibilities but
do not have the downside risk associated
with owning stocks. Therefore, call options
are also more desirable when investors are
worried. The extra demand for both puts
and calls at times of investor fear bids up
their prices. If the price of an option rises,
other inputs to the model (time to
expiration, dividends, interest rates and
stock index level) being unchanged, then
the volatility that is calculated as implicit in
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Figure 1: VXO and VXN since 1995
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changes in the S&P100. He finds that rises
in the VIX are associated with declines in
the S&P100: each 1 percentage point rise
in the VIX is associated with a reduction of
the S&P100 by about 0.7 per cent.

Although all these articles address the
issue of the relationship of the VIX to
other market measures, and the Fleming et
al.3 article carefully considers many
alternatives, none of these articles explicitly
addresses the question of which explanation
of the VIX is better — ‘fear’ or forecast —
or whether they both have some merit.

This paper explores the two alternative
explanations more directly, using a dataset
that covers the 1993–2002 time interval for
the VXO, and 1995–2002 for the VXN.

THE MODEL AND EMPIRICAL

FINDINGS

The model

The model used to test the role of ‘fear’
versus anticipated volatility is

Vt � a0 � a1*ASDt � a2*FEARt�1

� a3*DUM901t

where the variables are constructed as
follows.

— V represents either the VXO or the
VXN: The daily close of the VXO and
VXN on the first day of each month
was obtained from the CBOE.9 In most
cases, 30 days of subsequent volatility
occurred within the same calendar
month.

— Actual volatility (ASD): S&P100 and

the option premium must be higher.
Option theoreticians would respond to

this argument by noting that, if rational
traders were willing to supply additional
quantities of options at ‘fair’ prices, ie fair
volatilities, the price of options would not
be bid up much, despite the greater
demand by fearful investors. Those traders
who sell overly expensive options could
hedge their short options positions with
stock baskets, exchange-traded funds or
index futures, rehedging when necessary; or
they could sell both puts and calls to
achieve a delta-neutral position in the
underlying index, adjusting their options
positions as necessary to stay delta- neutral.6

Traders who sell high-priced options could
earn the difference between the overly high
market value of these options and the fair
price, minus the transactions costs of the
options trading and associated hedging and
rehedging. From this perspective, a sizeable
fear impact could indicate that (a) the
transactions costs are very large and/or (b)
the suppliers of these index options require
substantially higher returns for writing a
greater quantity of options.

Fleming et al.3, Simons7 and Whaley8

examine whether the VIX measures ‘fear’.
Fleming et al. correlate daily changes in the
VIX with stock market returns. They find
a strong contemporaneous negative correlation
(�0.61 for their non- crash sample) —
when stock prices fall, the VIX tends to
increase. Lagged values of stock returns,
however, have no effect on the VIX.
Simons7 claims that each 1 per cent fall in
the S&P100 produces a 4.73 per cent rise
in the VIX. Whaley8 tests weekly changes
in the VIX against weekly percentage
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NDX daily closes were obtained from
the Yahoo Finance website (historical
data), and the annualised volatility for
day 2 to the end of each month was
calculated. (The price ratio of the index
on each day to the previous one was
calculated, the logs of these price ratios
computed, and then the standard
deviation for each month calculated.
Finally, the daily standard deviation was
annualised so that ASD measures actual
volatility over the month in the same
annual units as the VXO or VXN.) The
days used in calculating the actual
volatility for each month are (roughly)
the same as the 30 calendar days
represented by VXO (VXN) on the first
day of the month — since the volatility
measures represent implied volatility on
options with 30 days of life.10

— FEAR1: ‘Fear’ cannot be measured
directly, but stock market declines can
be observed. As a rough measure of
‘investor sentiment’, the percentage
changes in the S&P100 (NDX) in the
five-day period prior to each VXO
(VXN) observation are calculated. Note
that the lagged change is used in order
to avoid the contemporaneous causality
issue.11

— FEAR2: Here, the five-day percentage
change in the S&P100(NDX) is used
only if it is negative; positive numbers
are replaced with zeroes. The reasoning
is that the size of a positive change in
stock prices is less likely to affect FEAR
than is the size of a decline.

— DUM901: This variable is one for
September 2001 and zero for all other
months. The volatility in September

2001 could not have been predicted on
the first of that month, when the VXO
and VXN readings were taken (except
by the terrorists and their associates).

The characteristics of the data are shown in
Table 1, which includes the mean and
standard deviation over the whole time
interval as well as sub- periods representing
the interval prior to the Russian default and
the interval after it.

A positive coefficient is expected on
ASD: if the VXO/VXN reflects anticipated
volatility and anticipated volatility is a good
forecast of actual volatility, the coefficient
should be positive. A negative coefficient is
expected on the FEAR variables —
declines in the SP100 (NDX) should raise
the VXO (VXN) according to the fear
gauge hypothesis. DUM901 should have a
negative coefficient to offset the actual
volatility in September 2001, which is on
the right- hand side of the equation.
(Recall that actual volatility was higher
than could have been anticipated on 1st
September, 2001, when the VXO for that
month, on the left-hand side of the
regression equation, was recorded.)

VXO empirical results

Table 2 shows the regressions relating to
the VXO. The regressions for the overall
time interval 1993–2002 were estimated
using AR(1), as there is significant
first-order autocorrelation of the residuals.
For that time period, the VXO is
significantly negatively related to the FEAR
measures as shown in regressions 1–3 and 5
in the upper panel of the table In
regression 3 with FEAR2 (the variable that
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is zero for positive market moves), the
coefficient of �0.9485 indicates that a 5
per cent decline in the market over the
previous five days tends to raise the VXO
by about 5 percentage points, eg from 20
per cent to 25 per cent.

Over the 1993–2002 time interval, the
VXO (the implied volatility for the next 30
days), is also significantly related to ASD
(the actual volatility over those 30 days): in
Equation (3), its coefficient of 0.1211
(significant at the 5 per cent level) indicates
that the VXO forecasts about 0.12 of each
1 percentage point of volatility increase.
The September 2001 dummy is also
significant.

The 1993–2002 time interval contains
some difficult months for the financial
markets, including the Russian default in
August 1998 and the failure of Long Term
Capital Management shortly thereafter, as
well as the aftermath to September 11th,
2001. Because the interval connected with
the Russian default may be a major
influence on the overall results, two
separate sub-periods are defined, one prior
to the Russian default, from January 1993
to July 1998, and a second subsequent to
it, from December. 1998 to December
2002.12 The dummy variable, DUM901,
should deal with the volatility that occurred
after the markets reopened in
mid-September 2001.

In the pre-default time interval, the data
showed significant first- order
autocorrelation of the residuals in one case
and both first-order and second-order
autocorrelation in three cases. With the
autocorrelation corrections, the results are as
follows: with both explanatory variables

included, only FEAR is significant in
explaining the VXO (panel B). In
regression 2, the coefficient of FEAR2 is
1.4076 which implies that a 5 per cent
decline in the market over the previous
five days would tend to produce about a 7
percentage point rise in the VXO, eg from
20 per cent to 27 per cent. The rise in the
VXO represents a rise in the cost of 30 day
at- the-money call option on the S&P100
from 13.17 to 17.76, assuming that the
index is 575, the risk- free rate is 1.75 per
cent, and the dividend yield is 1.60 per
cent. (A 30-day put under those
assumptions would rise from 13.10 to
17.69.)

The post-default time period produces
very different results: only actual future
volatility is significant (see panel C).
According to regression 4, which excludes
the insignificant fear variables, the VXO
reflects 0.16 of each additional 1 percentage
point of future volatility.

Readers of the previous empirical
literature on this topic should note that
most researchers testing the VXO’s forecast
ability would regress the actual volatility on
the VXO. The coefficient that would be
obtained by running a simple regression
with ASD on the left is the coefficient
obtained from running a simple regression
of VXO on ASD multiplied by the ratio of
the variance of ASD to the variance of the
VXO. That ratio is about 1.8.

VXN empirical results

This section turns next to the results for
the VXN, the implied volatility of
Nasdaq-100 Index (NDX) options. Table 1
illustrates the higher volatility of the NDX
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0.2 percentage point in advance of an extra
1 percentage point in imminent volatility
over the next 30 days.

The sub-periods tell a somewhat different
story. In the pre-default time interval
(middle panel of Table 3), neither
explanation of the VXN works well: actual
volatility and FEAR2 are not significant (at
the 5 per cent level) while FEAR1 is
marginally significant at the 5 per cent level
(see regression 1). In the post-default time
interval, however, actual volatility is highly
significant and has a coefficient of about
0.25: each 1 percentage point increase in
actual future volatility is reflected in an
increase of.25 percentage point increase in
the VXN reading at the beginning of the
month. The FEAR variables are not
significant in this later period. The
September 2001 dummy is not significant.

Again, the reader should note that the
coefficient of ASD when VXN is the
dependent variable is different from the
coefficient of the VXN if that were the
independent variable and ASD were the
dependent variable. The ratio of the
variances that would be used to convert the
coefficient is about 1.7.

DISCUSSION

The results for both volatility measures
suggest that they forecast the future
volatility of their underlying indexes in
recent years, albeit far from perfectly The
lack of forecast ability of the VXN in the
early years is not that surprising,
considering that Nasdaq-100 futures began
trading in April 1996. Before then, it
would have been cumbersome to hedge

compared with the S&P100, as measured
by the mean ASDs of the two series. For
example, from 11/98 to 12/02, NDX
volatility is about 45 per cent versus 22 per
cent for the S&P100. The implied volatility
of NDX options reflects this also — the
VXN mean was about 52 per cent,
whereas the VXO mean was about 27 per
cent over that time interval.

Table 3 shows the estimated relationships
for the VXN over the period 1995–2002.
The initial OLS regressions indicated
significant autocorrelation of the residuals.
Consequently, the results of regressions
which correct for first-order autocorrelation
are shown.

For the 1995–2002 time period as a
whole, both future volatility (ASD) and
FEAR are significant (top panel of Table
3). FEAR2, which includes only the
declines, is significant at a higher
probability level (compare reg. 1 and 2).
The FEAR2 coefficient of �0.4350 in
regression 2 implies that a 5 per cent
decline in the market in the last five days
of the previous month would add about 2
percentage points to the volatility index;
that coefficient is significant at the 5 per
cent level. A 2 percentage point increase in
volatility, say from 41 per cent to 43 per
cent, would raise the cost of 30-day
at-the-money call options from 73.42 to
76.95, assuming an index of 1,544, a
risk-free rate of 1.75 per cent and a
dividend yield of 0.00 per cent. (A similar
put option would rise from 71.21 to
74.73.) Actual volatility, ASD, has a
coefficient of 0.1912, which is significantly
greater than zero at the 1 per cent level.
That implies that the VXN tends to rise by
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options on that index: the trader selling
overpriced options would need to purchase
or sell the key stocks in the index
individually, because there was no single
instrument that was highly correlated with
the Nasdaq-100. Alternatively, the trader
could have combined positions in puts and
calls to neutralise exposure to the direction
of the NDX. In the latter time interval, the
Nasdaq-100 futures contract was available
throughout and, from 10th March, 1999,
QQQ (now called QQQQ), the
exchange-traded fund representing the
Nasdaq-100 basket of stocks, was also
available.

This may not be the whole explanation,
however: the VXO also shows a lack of
forecast ability in the early years, and
options on the S&P100 could have been
fairly easily hedged by using S&P500
futures, since the S&P 100 and the S&P500
are highly correlated. For both measures,
the lack of significance of actual future
volatility in the pre-default samples may be
attributable to the lack of capital devoted to
stock index trading/arbitrage in those years
or to high transactions costs that impeded
arbitrage. Insufficient capital and/or high
transactions costs could have reduced the
amount of arbitrage and allowed the
volatility measures to show sizeable
responses to FEAR. It is also possible that
traders were unable to forecast future
volatility in those early years, and so their
arbitrage activities were aimed to achieve
an inaccurate target.

For the more recent years, our results,
which show the significance of actual future
volatility in explaining the VXO (VXN),
suggest that traders arbitraged some of

disparities between the implied volatility
and their forecasts of future volatility.

CONCLUDING REMARKS

For the 1993/95 to 2002 time interval as a
whole, the VXO and VXN appear to be
partly fear gauges, partly forecasts of future
volatility. In the period since the Russian
default, however, the implied volatility
measures significantly reflect future volatility
in the underlying stock indexes, as option
theory predicts, not ‘fear’, as measured by
recent market declines.

The CBOE has developed a new
methodology for calculating the VIX and
has decided to use the S&P500 for the new
index. The CBOE has also developed a
futures contract on a reconstituted VIX. It
will be interesting to see how these new
trading opportunities affect the behaviour of
the new VIX versus actual volatility.
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Treasury interest rate, the level of the S&P100
and its dividend yield are inserted into a standard
option pricing model. Then, an estimate of
volatility is inserted to see whether the observed
market price of that option is achieved. That
particular level of volatility that produces the
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