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Expected Option Returns
JOSHUA D. COVAL and TYLER SHUMWAY*

ABSTRACT

This paper examines expected option returns in the context of mainstream asset-
pricing theory. Under mild assumptions, expected call returns exceed those of the
underlying security and increase with the strike price. Likewise, expected put re-
turns are below the risk-free rate and increase with the strike price. S&P index
option returns consistently exhibit these characteristics. Under stronger assump-
tions, expected option returns vary linearly with option betas. However, zero-beta,
at-the-money straddle positions produce average losses of approximately three per-
cent per week. This suggests that some additional factor, such as systematic sto-
chastic volatility, is priced in option returns.

ASSET-PRICING THEORY CLAIMS that options, like all other risky securities in an
economy, compensate their holders with expected returns that are in accor-
dance with the systematic risks they require their holders to bear. Options
which deliver payoffs in bad states of the world will earn lower returns than
those that deliver their payoffs in good states. The enormous popularity of
option contracts has arisen, in part, because options allow investors to pre-
cisely tailor their risks to their preferences. With this in mind, a study of
option returns would appear to offer a unique opportunity in which to in-
vestigate what kinds of risks are priced in an economy. However, although
researchers have paid substantial attention to the pricing of options condi-
tional on the prices of their underlying securities, relatively little work has
focused on understanding the nature of option returns.

Understanding option returns is important because options have remark-
able risk-return characteristics. Option risk can be thought of as consisting
of two separable components. The first component is a leverage effect. Be-
cause an option allows investors to assume much of the risk of the option’s
underlying asset with a relatively small investment, options have charac-
teristics similar to levered positions in the underlying asset. The Black—
Scholes model implies that this implicit leverage, which is reflected in option
betas, should be priced. We show that this leverage should be priced under
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much more general conditions than the Black—Scholes assumptions. In par-
ticular, call options written on securities with expected returns above the
risk-free rate should earn expected returns that exceed those of the under-
lying security. Put options should earn expected returns below that of the
underlying security. We present strong empirical support for the pricing of
the leverage effect.

The second component of option risk is related to the curvature of option
payoffs. Because option values are nonlinear functions of underlying asset
values, option returns are sensitive to the higher moments of the underlying
asset’s returns. The Black—Scholes model assumes that any risks associated
with higher moments of the underlying assets returns are not priced be-
cause asset returns follow geometric Brownian motion, a two-parameter pro-
cess. This is equivalent to assuming that options are redundant assets. One
testable implication of the redundancy assumption is that, net of the lever-
age effect, options portfolios should earn no risk premium. In other words,
options positions that are delta neutral (have a market beta of zero) should
earn the risk-free rate on average. We test this hypothesis, and find quite
robust evidence to reject it.

The extraordinary nature of option payoffs has prompted a number of re-
searchers to examine general asset-pricing questions with options data. In
fact, some of our conclusions are similar to those of Jackwerth and Rubin-
stein (1996) and Jackwerth (2000), who use prices to characterize the shape
of the risk-neutral density,! Canina and Figlewski (1993) and Christensen
and Prabhala (1998), who compare historical volatilities to those implied by
Black—Scholes, and Merton, Scholes, and Gladstein (1978, 1982), who sim-
ulate the returns to a number of options strategies. However, this paper is
the first to focus on the theoretical and empirical nature of option returns,
rather than volatilities or implied distributions, in the context of broader
asset-pricing theory.

We conduct our tests with option returns for three reasons. First, tests
based on option returns permit us to directly examine whether the leverage
effect is priced without imposing any particular model. Second, analyzing
options in risk-return space allows any violations of market efficiency to be
directly measured in economic terms. For if options appear mispriced, the
economic significance of the mispricing can only be assessed by evaluating
the extent to which potential profits outweigh the risks and transaction costs
required to exploit the mispricing. Third, by examining option returns, we
can consider the economic payoff for taking very particular risks. For exam-
ple, we can estimate the expected return of a position that is essentially
immune to both small market movements and the risk of large market crashes,
but is very sensitive to changes in volatility. Tests that measure the impact
of particular sources of risk, give a measure of the economic significance of
departures from theory, and are somewhat model independent are difficult
to construct in any context other than risk-return space.

1 Jackwerth (2000) analyzes a simulated trading strategy that suggests that put returns
may be too low.
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Our paper focuses on the returns of call, put, and straddle positions both
theoretically and empirically. As stated previously, under very general con-
ditions, calls have positive expected returns and puts have negative ex-
pected returns. Moreover, the expected returns of both calls and puts are
increasing in the strike price. To test whether option returns are consistent
with these implications of the leverage effect, we examine payoffs associated
with options on the S&P 500 and S&P 100 indices. We find that call options
earn returns that are significantly larger than those of the underlying in-
dex, averaging roughly two percent per week. On the other hand, put op-
tions receive returns that are significantly below the risk-free rate, losing
between eight and nine percent per week. We also find, consistent with the
theory, that returns to both calls and puts are increasing in the option strike
price.

Although option returns conform to our weakest assumptions about asset
pricing, they appear to be too low to be consistent with the assumption that
options are redundant securities. Given their betas on the underlying index
(either actual or Black—Scholes implied), at-the-money call and put options
should both earn weekly returns that are two to three percent higher than
their sample averages. To focus on these implications, we shift our attention
to the returns on zero-beta index straddles—combinations of long positions
in calls and puts that have offsetting covariances with the index. We derive
an expression for zero-beta straddle returns that only requires knowledge of
the beta of the call option. Using Black—Scholes call option beta values, we
find that zero-beta straddles offer returns that are significantly different
than the risk-free rate. Market-neutral straddles on the S&P 500 index re-
ceive average weekly returns of minus three percent per week. These find-
ings are shown to be robust to nonsynchronous trading, mismeasurement of
the call option beta, and changes in the sample period and frequency. To be
certain that our results are not driven by our use of Black—Scholes betas,
asymptotic normality assumptions, and discrete time returns, we test the
Black—Scholes/CAPM model with the generalized method of moments (GMM).
Our GMM tests confirm that straddle returns data are inconsistent with the
model. Finally, to ensure that our results are not sensitive to the inclusion of
the October 1987 crash, we analyze daily returns on zero-beta S&P 100 strad-
dles from January 1986 to October 1995. Even with the crash, average re-
turns on at-the-money S&P 100 straddles are —0.5 percent per day.

One possibility is that, in spite of including the 1987 crash, the market
viewed the likelihood of additional, larger crashes during the 10-year period
to be much higher than the sample frequency indicates. To confirm that the
negative straddle returns are not subject to this sort of a “peso-problem,” we
focus on the returns to the “crash-neutral” straddle—a straddle position with
an offsetting short position in a deeply out-of-the-money put.2 We find that
this strategy, which has a net long position in options, but earns the same
return whether the market drops 15 percent or 50 percent, still generates
average losses of nearly 3 percent per week. These results indicate that op-

2 This position is termed by practitioners a “ratio-call spread.”
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tions are earning low returns for reasons that extend beyond their ability to
provide insurance against crashes. Moreover, the results are not eliminated when
transaction costs are considered. To demonstrate this, we consider the returns
to the simple strategy of selling each month equal numbers of at-the-money
calls and puts at the bid prices, purchasing the same number of out-of-the-
money puts at the ask, and investing the remaining premium and principal in
the index. Such a strategy offers a Sharpe ratio that, between 1986 and 1996,
was up to twice as high as that obtained by investing in the index alone.

Because we use zero-beta straddles to establish that index option returns
appear to be too low for existing models, a natural interpretation of our
results is that stochastic volatility is priced in the returns of index options.
In a related paper, Buraschi and Jackwerth (1999) find evidence that vola-
tility risk is priced in options markets. Our final tests examine some evi-
dence that stochastic volatility is priced in markets quite different from the
index option market. We look at the average returns of zero-beta straddles
formed with futures options on four other assets and find that straddles on
assets with volatilities that are positively correlated with market volatility
tend to earn negative returns. We estimate time-series regressions of CRSP’s
size-decile portfolio returns on the market return and a straddle return fac-
tor and find a distinct pattern in the sensitivities of the size portfolios to the
straddle factor. These results offer some preliminary confirmation that vol-
atility risk is priced in more than just options markets.

The paper proceeds as follows. In Section I, we develop a number of theo-
retical propositions regarding expected option returns in a setting where
only systematic risks are priced. In Section II, we discuss our dataset and
methods for measuring option returns. In Section III, we test the implica-
tions developed in Section I. Section IV concludes the paper.

I. Theoretical Expected Returns

Like all other assets, options must earn returns commensurate with their
risk. We derive two very general results about options returns. We also dis-
cuss the implications of Black—Scholes assumptions for options returns.

A. Weak Assumptions

According to the Black—Scholes/CAPM asset-pricing framework, call op-
tions always have betas that are larger in absolute value than the assets upon
which they are written. Hence, we expect call options on market indices and
most individual securities to have positive long-run returns greater than those
of their underlying securities. On the other hand, put options, whose returns
generally hedge systematic risks, should have expected returns below the risk-
free rate. We derive two theorems that produce results analogous to these in
a much more general setting. To derive our results, we assume the existence
of a stochastic discount factor that prices all assets according to the relation

E[R;-m] =1, (1)
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where E denotes the expectation operator, R; is the gross return of any as-
set, and m is the strictly positive stochastic discount factor. It is well known
that such a discount factor exists in the absence of arbitrage. The stochastic
discount factor is high in bad states of the world and low in good states. We
make assumptions about how the stochastic discount factor is related to the
returns of an option’s underlying asset to derive our theorems.

As long as the stochastic discount factor is negatively correlated with the
price of a given security, all call options written on that security will have
expected returns above those on the security and increasing in their strike
price. This is described in the following theorem.

Prorosition 1: If the stochastic discount factor is negatively correlated with
the price of a given security over all ranges of the security price, any call
option on that security will have a positive expected return that is increasing
in the strike price.

Proof: Let the expected gross return from now until maturity on a call
option with a strike price of X on an underlying security whose price has a
distribution f(y) be expressed as

(s —X)f(s)os
s=X

q(s — X)f(s,q)dsoq

g=0vs=X

where f(y,z) is the joint distribution of the security price and the stochastic
discount factor. The expected net return, E[r.(X)] = E[R.(X)] — 1, can be
written as

6= X001 = Bimls11f(s)ds
E[r.(X)] = — : 3)

(s = X)E[m|s]f(s)ds
X

s=

where m is the stochastic discount factor. The derivative of expected net
returns with respect to strike price can be expressed as

| e-xr@is | Bimisifens - [ - xBmisif@s | pes
=X s=X s=X s=X

2
UX(S —X)E[mSJf(S)as}

(4)
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Defining F(s) as the cumulative density function that corresponds to f(s)
and rearranging gives

OB [r.(X)]/0X
LX(S‘X)l f;f()X)a J E[m f;r()X) L (s = X)E[m|s] f;f()X)a
_ US:X(FX)E['MS] 1 f;,()X)a ]2
(5)

Note that the numerator in equation (5) is simply the negative of the covari-
ance of s — X and m, conditional on the option being in the money (s > X):

—Cov[E(mls),s —X|s >X]=E[m|s > X]-E[s — X|s > X

6

—E[E(m|s)(s — X)|s > X]. (©

For any m that is negatively correlated with the security price for all ranges,?

the above expression will be positive. Because a call option with a zero strike

price has the same positive expected net return as that of the underlying se-

curity, the fact that net expected returns are increasing in the option strike

price ({0E[r.(X)]}/0X > 0) implies that all call options will have positive ex-
pected returns that exceed those of the underlying asset. Q.E.D.

Thus, we should expect any call options on securities whose prices are neg-
atively correlated with the stochastic discount factor to have positive expected
returns. Moreover, these returns should be increasing in the option strike price.
No existing asset-pricing theory permits a stochastic discount factor that is pos-
itively correlated with the market level and most individual security prices.

The corresponding proposition for put options is as follows.

ProposiTioN 2: If a stochastic discount factor is negatively correlated with the
price of a given security over all ranges of the security price, any put option
on that security will have an expected return below the risk-free rate that is
increasing in the strike price.

Proof: Let the net expected return on a put option with a strike price of X on
an underlying security whose price has a distribution f(y) be expressed as:

s=X
| - - Eimisnipes
r(X) = , (7)

p s=X
| & - oEmistpes

3 Actually, the correlation must only be negative for any range of security prices for which
the option is in the money (s > X).
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where f(x,y) is the joint distribution of the security price and the stochastic
discount factor and m is the stochastic discount factor. After rearranging,
the derivative of net returns with respect to strike price can be expressed as

s=X s=X s=X
f (X - s)E[m|s]f(s)as-J f(s)ds *J (X - s)f(s)as-J E[m|s]f(s)ds
X

s=

2

s=X
{ [ - s)E[mls]f(s)Bs]

(8)

By the same argument as in Proposition 1, the numerator in the above equa-
tion is proportional to the covariance between X — s and m, conditional on
the option being in the money (s < X):

Cov[E(m|s),X —s|s <X]=E[E(m|s)(s —X)|s <X]—E[m]|s < X]

)
‘E[s — X|s < X].

For any m that is negatively correlated with the security price over all
ranges, the above expression will be positive. Because a put option with an
infinite strike price has an expected net return equal to the risk-free rate,
the fact that net returns are increasing in the option strike price ({0E [r,(X)]}/
0X > 0) implies that all put options will have expected returns below the
risk-free rate. Q.E.D.

Although call returns should always be positive, expected put returns can,
in theory, be either positive or negative depending on their strike price. Put
options that are exceedingly in the money, and have a smaller and smaller
fraction of their value at expiration determined by the level of the underly-
ing asset will have expected returns that approach the risk-free rate. Prop-
ositions 1 and 2 essentially confirm that the leverage effect in option returns
should be priced regardless of whether the Black—Scholes model fits the
data.

B. Black—Scholes Assumptions

Although Propositions 1 and 2 only assume the existence of a well-
behaved stochastic discount factor, it is common in asset pricing to make
much stronger assumptions. In particular, it is common to assume that asset
prices follow Geometric Brownian Motion (GBM). It is well known that if
assets follow GBM, then options are redundant securities. With a few addi-
tional assumptions, both the option pricing model of Black and Scholes (1973)
and the continuous-time CAPM model of Merton (1971) hold when assets
follow GBM. Expected asset returns are determined by the CAPM equation

E[r;]=r+E[r, —r]B;, (10)
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where r is the short-term interest rate and r,, is the return on the market
portfolio. Black and Scholes (1973) use this equation in an alternative der-
ivation of their option pricing formula. The beta of a call option can be solved
for as

s 1n(s/X)+(r—/\+0'2/2)t
=N s
C o7 A

where N[-] is the cumulative normal distribution, and B, is the beta and A
is the dividend yield of the underlying asset. If we construct an options
position with a beta of zero, then its expected return should be the risk-free
rate. We estimate the expected returns of zero-beta straddles below.

An alternative way to consider the risk-return implications of the Black—
Scholes model is to examine the pricing kernel implied by the model. Dybvig
(1981) shows that over any time interval in a Black—Scholes world, the gross
(buy-and-hold) return of any asset (R;), the gross market return (R,,), and
the continuously compounded risk-free return (r) must satisfy the pricing

kernel relation
Elr (Ee )| (12)
‘\E[R,"])|

where vy is interpreted as the relative risk aversion parameter for a hypo-
thetical consumer that holds the market portfolio. If the Black—Scholes as-
sumptions are valid, all discrete time asset returns must satisfy this relation.
We estimate y with GMM below.

To summarize, the results above offer several testable asset-pricing impli-
cations for option returns. First, the difference between call returns and the
returns on the underlying security should be positive and this difference
should be greater the higher the option’s strike price. Second, the difference
between put option returns and the risk-free rate should be negative and
this difference should be greater the lower the option’s strike price. The
expected returns on zero-beta straddle positions should be equal to the risk-
free rate according to the Black—Scholes/CAPM paradigm. Finally, the pric-
ing kernel that corresponds to the Black—Scholes model should price all assets.

B. = (11)

II. Data and Method

To test the above implications, we use the Berkeley Options Database of
Chicago Board Options Exchange bid-ask quotes. We examine the weekly
returns of European-style call and put options on the S&P 500 index over a
six-year period, from January 1990 to October 1995.4 We focus on the weekly

4 Prior to 1990, volume on the S&P 500 option was too low for the data to be useful in our
tests. The database does not include out-of-the-money call options for November and December
of 1995, prompting us to omit these two months from the entire study of S&P 500 options.
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returns of S&P 500 options as our base case. Because our observations are
weekly and are over a time period of high liquidity, we can obtain a weekly
observation for each option specification studied. We also examine daily re-
turns of American-style call and put options on the S&P 100 index over a
10-year period, from January 1986 to December 1995. Daily S&P 100 option
returns are used to provide a somewhat independent verification of our re-
sults in a different market, across a longer time horizon, and at a different
frequency. Moreover, in using daily observations from 1986 onward, the S&P
100 options allow us to explicitly measure how much our results are im-
pacted if we include the crash of October 1987.

Our method for calculating option returns is as follows. For each option,
we identify the first bid-ask quote after 9 a.m. Central Standard Time (CST).
We take options that are to expire during the following calendar month,5 and
therefore are roughly between 20 and 50 days to expiration. Finally, we take
the midpoint of the bid-ask spread® and use this to calculate weekly and
daily holding-period returns for each of our options. Our weekly results only
use prices observed on Tuesdays.” Early in the S&P 100 sample, not all
options exist on all trading days. In unreported robustness tests, we assign
returns of —100 percent to all options for which we find a price on one day
but no price on the next day. This leads to no discernable change in our
results.

Although Sheikh and Ronn (1994), in a previous study of option returns,
use logarithmic option returns, all of our calculations rely on raw net re-
turns. Although the log-transformation of stock returns is widely accepted in
the empirical asset-pricing literature, log-scaling option returns may be quite
problematic. Because options held to maturity often have net returns of —1
(i.e., expire worthless), the log-transformation of any set of option returns
over any finite holding period will be significantly lower than the raw net
returns. Put differently, the expected log return of any option held to expi-
ration is negative infinity. In any case, Propositions 1 and 2 are stated in
terms of standard returns—not log returns.

Options are classified into five groups according to their strike prices rel-
ative to the level of the S&P at the previous close and using the same five-
point increments of the exchange. We group options according to strike price
as opposed to moneyness level to ensure that exactly one option exists within
each group at each point in time. This, of course, comes at the cost of having
the moneyness of each bin change over time. The S&P 500 and 100 index
levels were taken from the underlying price accompanying the first quote on
any option after 9 a.m. CST.

Finally, to examine the robustness of our results across other option mar-
kets, we examine returns of options on Treasury bond, Eurodollar, Nikkei
225 Index, and Deutsche Mark futures contracts. We calculate daily returns

5 These were available for all but three of the options.

6 We checked the spreads for outliers and removed any that significantly violated arbitrage
pricing restrictions.

7 We refer to Wednesday whenever July 4th, December 25th, or January 1st fall on a Tuesday.
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using closing prices of front-month contracts obtained from the Bridge/CRB
Historical Data base from October 1988 (September 1994 for Nikkei con-
tracts) to August 1999.

III. The Evidence

Our initial sample focuses on S&P 500 index (SPX) options over a six-year
period from January 1990 through October 1995. Before turning to our re-
sults, it may be useful to review the behavior of the underlying index over
this 305-week interval. Average weekly returns were 0.18067 percent or 9.84
percent on an annualized basis. The median weekly return was slightly higher
at 0.1998 percent, with a minimum of —5.39 percent and maximum of 6.05
percent. Overall, the returns of the S&P 500 during this period can be viewed
as fairly representative of the underlying distribution. They do not contain
a crash of magnitude similar to that of October 1987, nor do they focus on a
period of abnormally high returns (i.e., 1995 to 1999). The S&P 100 (OEX)
time series includes the 10-year period of January 1986 to December 1995.
Average returns were 0.04 percent per day, or 12.68 percent on an annual-
ized basis. Median daily returns were 0.05 percent, with a minimum return
of —21.21 percent and a maximum of 8.91 percent. Clearly, a major differ-
ence between the two series is that the OEX data include the 1987 stock
market crash and the SPX data do not.

A. Average Option Returns

Tables I and II record a variety of statistics for weekly SPX and daily OEX
option returns over 6- and 10-year sample periods. We record the mean,
median, minimum, and maximum weekly returns for each of the five groups
of strike prices. The groups range from options with strike prices 10 to 15
points below the index level to those with strike prices 5 to 10 points above
the index. The ¢-statistic associated with a null hypothesis of zero mean
return is recorded in the second row. We also report the average Black—
Scholes implied beta for each of the strike price ranges.

Looking at mean returns of S&P 500 call options in Table I, we see that
they do indeed earn positive average returns in excess of those on the un-
derlying security. An at-the-money call option tends to earn an average re-
turn of between 1.85 percent and 2.00 percent per week, or between 96 percent
and 110 percent on a annualized basis. Moreover, average returns are in-
creasing (almost) monotonically in the strike price. Call options that are
between 5 and 10 points out of the money earn 2.94 percent more per week
(153 percent annualized) than those equivalently in the money. Although
these differences in returns across strike prices are not statistically signif-
icant, they are qualitatively consistent with Proposition 1. Not surprisingly,
the median, minimum, and maximum statistics demonstrate a substantial
degree of positive skewness in the call returns, which is increasing in their
strike prices. S&P 100 call option returns exhibit similar characteristics.
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Table I
Call Option Returns

This table reports summary statistics for call option returns. The SPX sample period is January
1990 to October 1995 (305 weeks). The OEX sample period is January 1986 to October 1995
(2519 days). Bid-ask spreads are checked for significant outliers. SPX returns are recorded in
weekly percentage terms. OEX returns are recorded in daily percentage terms. X — s denotes
the difference between the option’s strike price and the underlying price. BS B denotes the
option beta calculated from the Black—Scholes formula.

X —s —-15 to —10 —-10 to —5 -5t 0 0tob 5 to 10

Panel A: Weekly SPX Call Option Returns

Mean return 1.48 1.19 1.85 2.00 4.13
t-Statistic (0.79) (0.53) (0.66) (0.55) (0.85)
Median 0.0 —-1.99 —4.46 —9.55 —17.39
Minimum —80.67 —86.51 —89.33 —92.85 -92.31
Maximum 141.82 190.24 256.63 426.65 619.41
Mean BS B 21.14 25.23 31.20 40.02 55.72

Panel B: Daily OEX Call Option Returns

Mean return 0.62 0.55 0.67 0.80 0.85
t-Statistic (1.97) (1.61) (1.61) (1.55) (1.33)
Median 0.18 0 0 -1.83 —3.28
Minimum —-69.24 -175.16 —73.39 —175.36 -75.91
Maximum 321.95 91.89 118.47 190.35 267.15
Mean BS B 17.54 20.95 25.91 33.62 46.52

Here, returns are also in excess of those of the underlying security—between
0.62 percent and 0.85 percent per day—are somewhat statistically signifi-
cant, and are increasing in the strike price.

Table I also includes the average Black—Scholes beta for each set of call
options. We calculate call betas with the Black—Scholes formula for call be-
tas given in equation (11). For option volatility, we use the opening level of
the CBOE’s S&P 100 option implied volatility index (VIX). For the dividend
yield, we use the average annual yield calculated from daily realized divi-
dends on the S&P 100 index during the life of each option. The dividend
yield and volatility of the S&P 100 index should be nearly identical to those
of the S&P 500 index. The Black—Scholes betas of the call options are, as
expected, increasing across strike prices. The magnitudes are, indeed, quite
large, ranging from 21.14 to 55.72 for the SPX and 17.54 to 46.52 for the
OEX. Unreported time-series regressions of option returns on underlying
index returns generate beta estimates that are quite similar in magnitude to
the Black—Scholes betas. Although the call options appear to earn impres-
sive returns, a quick glance at their corresponding betas suggests that the
returns are actually far too low to be consistent with the Black—Scholes/
CAPM model. Assuming a market risk premium of six percent, the at-the-
money option returns should be around four percent per week, making both
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Table II
Put Option Returns

This table reports summary statistics for put option returns. The SPX sample period is January
1990 to October 1995 (305 weeks). The OEX sample period is January 1986 to October 1995
(2519 days). Bid-ask spreads are checked for significant outliers. SPX returns are recorded in
weekly percentage terms. OEX returns are recorded in daily percentage terms. X — s denotes
the difference between the option’s strike price and the underlying price. BS B denotes the
option beta calculated from the Black—Scholes formula.

X —s —15 to —10 —10 to —5 —-5to 0 0tob 5 to 10

Panel A: Weekly SPX Put Option Returns

Mean return —14.56 -12.78 —9.50 -7.71 —6.16
t-Statistic (—4.22) (—3.95) (—3.05) (—2.81) (—2.54)
Median —28.27 —24.96 —21.57 —15.06 —11.34
Minimum —84.03 —84.72 —87.72 —88.90 —85.98
Maximum 475.88 359.18 307.88 228.57 174.70
Mean BS B —36.85 —37.53 —35.23 -31.11 —26.53

Panel B: Daily OEX Put Option Returns

Mean return —-2.30 —-2.02 -1.79 —1.42 -1.22
t-Statistic (—2.92) (—2.88) (—3.06) (—2.88) (—2.98)
Median —7.56 -6.55 —5.48 —-4.10 —3.02
Minimum -73.11 —68.52 —-72.74 -67.31 -67.39
Maximum 795.52 759.73 527.53 394.15 300.00
Mean BS B —32.92 -31.87 -29.17 —25.33 -21.31

SPX and OEX call returns roughly two percent too low. Given their substan-
tial comovement with the underlying index, call options might be expected
to earn far greater returns than they do.

Turning to put option returns in Table II, we see results that are consis-
tent with Proposition 2. Put options have returns that are both economically
and statistically negative. At-the-money put options lose between 9.5 per-
cent and 7.7 percent per week. As claimed by Proposition 2, puts have ex-
pected returns that are increasing in their strike price. The mean returns
increase monotonically in the strike price, ranging from —14.56 percent for
the most out-of-the-money options to —6.16 percent for those deeply in the
money. Again, as expected, the median, minimum, and maximum statistics
indicate that put returns exhibit substantial positive skewness. Daily OEX
put returns are also consistent with Proposition 2. Put options lose between
1.22 percent and 2.30 percent per day, and higher strike prices exhibit uni-
formly smaller average losses.

The Black—Scholes betas for put options are large and negative, ranging
from —36.85 to —26.53 for the SPX and from —32.92 to —21.31 for the OEX,
and increasing across strike prices. Again, however, mean returns appear to
be too low to be consistent with the betas. With a market risk premium of six
percent per year, at-the-money put options should earn weekly returns of
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around minus four percent according to their betas. With average at-the-
money SPX and OEX put returns averaging around minus eight percent, put
returns are also too low to be consistent with the Black—Scholes/CAPM model.
Hence, it seems that although option returns are qualitatively consistent
with Propositions 1 and 2 and consistent with the appropriate pricing of the
leverage effect, back-of-the-envelope calculations indicate that both calls and
puts earn returns that are too low. In the following sections, we investigate
these issues in greater detail.

B. Straddle Returns

To determine whether call and put options earn returns that are below
those justified by the CAPM and the assumption that they are redundant
securities, we direct our attention toward the returns of straddle positions.
By forming zero-beta, or zero-delta, straddle positions by combining puts
and calls with the same strike price and maturity in proportion to their
betas, we can abstract from the leverage effect and focus on the pricing of
higher moments of security returns. According to the Black—Scholes/CAPM
model, zero-beta straddles should have expected returns equal to the risk-
free rate.

Although straddle returns are not sensitive to market returns, they are
sensitive to market volatility. When volatility is higher than expected, strad-
dles have positive returns. When volatility turns out lower than expected,
straddles have negative returns. In a factor model framework, straddles have
large, positive volatility betas. They allow investors to hedge volatility risk.
This makes straddle returns ideal for studying the effects of stochastic vol-
atility. Because investors presumably dislike volatile states of the world,
assets with negative volatility betas or assets that lose value when volatility
increases are relatively risky assets. Likewise, assets with positive volatility
betas, like straddles, are relatively low-risk assets. In fact, because strad-
dles insure investors against volatile states of the world, if there is a risk
premium for volatility risk, expected zero-beta straddle returns will be less
than the risk-free rate.

Specifically, we form zero-beta straddles by solving the problem

r,=0r,+(1-0)r,

(13)
Gﬁc + (1 - a)ﬁp = 0’

where r, is the straddle return, 6 is the fraction of the straddle’s value in call
options, and B, and 3, are the market betas of the call and put, respectively.
This problem is solved by the weight function

_Bp
0= . 14
:Bc - Bp ( )
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As this equation demonstrates, forming zero-beta straddles requires know-
ing the betas of call and put options. Fortunately, as long as put-call parity
holds, knowing the beta of a call option is sufficient to determine the beta of
the put option with the same strike price and maturity. Put-call parity states
that, at any time ¢,

C(t) =P(t) +s(t)— (X+D)e "1, (15)

where C is the price of a call, P is the price of a put, s is the price of the un-
derlying asset, D is the amount of dividends to be paid by the stock at the ma-
turity of the options, and r (7" — t) is the risk-free rate multiplied by the time
to maturity. Dividing the put-call parity condition at time (¢ + Az), where At is
any quantity less than T — ¢, by C(¢) gives

C@+Aﬂ_IW)Pu+M)+ﬂwsu+Aw+(X+me
ct)  C@) P@) Ct) s(t) ci)

(16)

which implies that

_f +i 17
BC_CBP CBS ( )

Assuming that B, = 1, we can combine equations (14) and (17) to define the
return to a zero-beta index straddle as

-CB,. +s N Pg. 18
"B Cp.rs PR -Cpts " e
The only term in equation (17) that is not directly observable is the call
option’s beta, B.. Thus, the ambiguity about the straddle weights that achieve
a beta of zero can be reduced to just one parameter. In the empirical work
below, we use the Black—Scholes beta to identify this parameter. We define
the Black—Scholes beta as in equation (11).

In Table III we measure the weekly returns of S&P 500 and daily returns
of S&P 100 zero-beta straddle positions across strike prices. The S&P 500
straddles are rebalanced each week and the S&P 100 straddles are rebal-
anced each day. As before, we record the mean, median, minimum, and max-
imum returns on the positions. Average returns of zero-beta straddle positions
are invariably negative. At-the-money SPX straddles have average returns
of —3.15 percent per week and all the SPX straddles we examine lose be-
tween 2.89 percent and 4.49 percent per week, with lower strike price strad-
dles losing the most. All of the negative returns are highly statistically
significant. The precision of our zero-beta straddle calculations depends crit-
ically on our method used to estimate call option betas. However, we allow
for some measurement error in our beta calculations by averaging straddle
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Table III
Returns of Zero-Beta Straddles

The table reports summary statistics for the returns of zero-beta straddles. The SPX sample
period is January 1990 to October 1995 (305 weeks). The OEX sample period is January 1986
to October 1995 (2519 days). Bid-ask spreads are checked for significant outliers. SPX returns
are recorded in weekly percentage terms. OEX returns are recorded in daily percentage terms.
The straddle return is calculated according to equation (18) where 3, is the Black—Scholes beta
of the call option, calculated using the CBOE’s VIX index as implied volatility. X — s denotes the
difference between the option’s strike price and the underlying price. The ¢-statistics test the
null hypothesis that mean zero-beta straddle returns are zero.

X -5 —15to —10 —10 to =5 -5t 0 0tob 5 to 10

Panel A: Weekly SPX Straddle Returns

Mean return —4.49 —4.28 -3.15 -3.15 —2.89
t-Statistic (—5.44) (—4.75) (—2.89) (—2.72) (—2.38)
Median -7.17 -7.96 -7.21 -8.27 -8.17
Minimum —29.57 —38.24 —41.46 -35.39 —44.43
Maximum 124.29 102.53 115.06 131.71 145.84

Setting B. = 0.9 (Black—Scholes 3,)

Mean return —2.96 —3.23 —2.42 —2.63 —2.49
t-Statistic (—3.48) (—3.35) (—2.14) (—2.16) (—1.98)
Setting 8. = 1.1 (Black—Scholes S.)

Mean return —4.30 —4.17 -3.07 -3.10 —2.85
t-Statistic (—5.29) (—4.62) (—2.82) (—2.66) (—2.35)

Panel B: Daily OEX Straddle Returns

Mean return -0.57 -0.50 -0.50 —0.48 —0.65
t-Statistic (—3.01) (—2.51) (—2.76) (—2.84) (—3.84)
Median —1.47 -1.37 —1.47 -1.51 -1.78
Minimum -35.02 -31.35 -39.04 —40.44 —43.20
Maximum 253.19 279.58 233.55 206.41 152.76

Setting B. = 0.9 (Black—Scholes 3,)

Mean return -0.35 -0.41 —0.44 —0.44 -0.67
t-Statistic (—2.18) (—2.40) (—2.74) (—2.76) (—4.26)
Setting B. = 1.1 (Black—Scholes B,)

Mean return -1.38 —0.93 —0.81 —0.68 -0.83
t-Statistic (—4.95) (—4.16) (—4.20) (—3.74) (—4.70)

Setting In-Sample Beta to Zero

Mean return -0.39 -0.33 -0.35 -0.32 -0.51
t-Statistic (—2.31) (—1.86) (-2.12) (-2.01) (-3.18)
Dropping Puts and Calls more than 15 min Apart
Mean return —0.46 —0.44 -0.49 —0.44 —0.58
t-Statistic (—2.05) (-2.11) (—2.72) (—2.59) (—3.44)
Subsample: 1986-1990
Mean return -0.33 -0.14 -0.27 -0.26 -0.56
t-Statistic (—0.95) (—0.36) (—0.82) (—0.89) (—1.99)
Subsample: 1991-1995
Mean return -0.81 -0.86 -0.72 -0.69 -0.74

¢-Statistic (—4.89) (—6.15) (—4.81) (—4.16) (—3.86)
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returns for both the original Black—Scholes betas and call betas that are 10
percent above and below the Black—Scholes betas. As we can see, even after
allowing for this measurement error, most of the returns remain signifi-
cantly negative.

The SPX zero-beta straddle results are subject to criticism, however, on
the grounds that the time period considered does not include a crash of the
magnitude of the crash of October, 1987. Because straddle positions deliver
substantial payoffs when the market crashes, it is important to recognize
the probability and magnitude of these payoffs in measuring their expected
returns. Indeed, the fact that SPX straddles with out-of-the-money put op-
tions lose more than those with out-of-the-money calls suggests that the
negative straddle returns may be related to their ability to hedge crashes. To
address this, we also calculate straddle returns on the S&P 100 index from
January 1986 to October 1995. Because we calculate daily rather than weekly
returns, we ensure that the full effect of the crash is captured.

In the second half of Table III, we see that daily OEX straddle returns are
substantially negative even after including the crash of 1987. OEX straddles
lose between 0.48 percent and 0.65 percent per day, which is comparable to
the weekly returns of SPX straddles. Dividing the sample into two subperi-
ods does not change our results, though some strike price ranges lose sig-
nificance. Like the S&P 500 straddle returns, OEX straddle returns are robust
to measurement errors in the betas of calls. As an additional robustness
check, we set the theoretical position beta in equation (13) to a constant such
that the in-sample straddle beta is exactly equal to zero. This produces strad-
dle returns that remain significantly negative and are roughly equivalent to
those obtained from a 10 percent reduction in the Black—Scholes call betas.
Unlike S&P 500 options, OEX options are not always very liquid. To be sure
that nonsynchronous trading does not drive our results, we drop all put/call
observations that are not within 15 minutes of each other, but this has no
discernible effect on our results.

These results strongly suggest that some risk other than market beta risk
is being priced in option returns. Investment strategies that exploit the ap-
parent overpricing of calls and puts need not assume high degrees of market
risk. By simultaneously shorting both options—by selling straddles—
investors can earn excess returns of around three percent per week, without
exposing themselves to significant market risk.

C. GMM Tests

Although the zero-beta straddle results reported in the previous section
are compelling, they are subject to three important criticisms. First, the
results can be considered tests of the continuous-time CAPM, which is ex-
pressed in terms of instantaneous returns. We use daily and weekly buy-
and-hold returns rather than instantaneous returns. Second, the results use
the Black—Scholes model to calculate betas, or risk exposures, even though
they reject the Black—Scholes model. Moreover, the Black—Scholes betas that
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we set to zero are betas for instantaneous returns. Returns measured over a
longer horizon may have betas that systematically differ from Black—Scholes
betas. Third, although it is plausible that straddle returns are independent
of each other through time, they are probably not identically distributed. It
is not clear that the means we report are asymptotically normally distrib-
uted with the simple standard deviations that we calculate.

We address these criticisms by employing a more sophisticated test of the
Black—Scholes model. As stated above, Dybvig (1981) shows that the Black—
Scholes model implies a pricing kernel of the form in equation (12),

ol (i |
"\ E[R,"]

This pricing kernel is valid for discrete time returns measured at any fre-
quency. Furthermore, because it does not explicitly rely on any beta calcu-
lations, equation (12) can be estimated with any asset returns series, regardless
of the asset betas. It must hold even if instantaneous betas change system-
atically through time. To obtain as much statistical power as possible, we
estimate equation (12) with the zero-beta straddle returns described in the
previous section. However, the moment condition must hold even if there is
mismeasurement in the betas that we calculate to form our straddles.

We estimate y in equation (12) with GMM. We estimate 10 different pa-
rameter values, using market returns and zero-beta straddle returns of a
particular moneyness as the returns series for each estimation. Because each
estimation calculates one parameter estimate with two returns series, each
v estimate has an accompanying test of overidentifying restrictions. This
test of overidentifying restrictions is a convenient way to test the Black—
Scholes/CAPM model. Because GMM makes very weak assumptions about
the statistical properties of the model (i.e., it does not require observations
to be identically distributed), we can be confident that the tests are well
specified. We report parameter estimates and test statistics in Table IV.

Panel A of Table IV reports GMM estimates of y and test statistics using
market returns and the weekly SPX straddle returns described in Table III.
The estimates of y range from 5.68 to —6.68, and they appear to be roughly
declining in (X — s). Because y can be interpreted as a risk aversion coeffi-
cient, negative estimates of y do not make sense. The (unreported) standard
errors of the y estimates are quite large. More significantly, the test of over-
identifying restrictions rejects each of the models proposed. This is strong
evidence that the Black—Scholes/CAPM model does not describe straddle
and market returns well.

To be certain that negative average straddle returns are driving the re-
jections of equation (12), we estimate the model with straddle returns ad-
justed so that their sample averages are set to zero. From all straddle returns,
we subtract their sample average so that the average adjusted return is
zero. For example, we estimate the model for the moneyness category (—15
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Table IV

GMM Tests of the Black-Scholes/CAPM Model
This table reports the results of GMM tests of the Black—Scholes moment condition for the
discrete time returns of any asset,

Bl (Bt V| _120
\ewr,1)|

The estimates reported in the table are calculated with weekly returns of the S&P 500 index
and of zero-beta, SPX straddle positions. The chi-square test statistics reported are for the test
of overidentifying restrictions. X — s denotes the difference between the option’s strike price
and the underlying price. The sample period is January 1990 to October 1995 (305 weeks).
Bid-ask spreads are checked for significant outliers. Panel A gives estimation results for the
original data, described further in Table III. Panel B gives estimation results when the sample
mean of all straddle returns is set to zero.

X -5 —15to —10 —-10 to —5 -5to 0 0tob 5 to 10

Panel A: Original Data

v 541 0.55 5.68 —0.09 —6.68
Chi-square 12.36 12.38 7.90 5.39 3.91
p-Value 0.0004 0.0004 0.0049 0.0202 0.0478

Panel B: Setting Average Straddle Returns to Zero

v 6.09 5.58 4.76 5.09 4.00
Chi-square 0.09 0.45 0.13 0.04 0.10
p-Value 0.7697 0.8314 0.7145 0.8350 0.7543

to —10) with market returns and with 4.49 percent added to all straddle
returns. The results are reported in Panel B. Adjusting the means of the
straddle returns appears to allow the model to fit the data. Whereas equa-
tion (12) is strongly rejected for each original straddle returns series, it is
not rejected for any of the zero-mean straddle returns series. Furthermore,
the estimates of v produced by forcing average straddle returns to zero range
from 4.00 to 6.09, a very reasonable range for risk-aversion coefficients.
This indicates that the negative straddle returns reported in Table III are,
in fact, inconsistent with the Black—Scholes/CAPM model.

D. Average Returns of “Crash-Neutral Straddles”

The daily returns on OEX straddles indicate that including a single crash
of the magnitude of that of October 1987 does not eliminate the substantial
negative expected returns to straddle positions. However, it is still possible
that, during the 10-year period analyzed, the market viewed the likelihood
of additional, larger crashes to be high. Indeed, Jackwerth and Rubinstein
(1996) argue that the market-assigned probability of a three to four stan-
dard deviation crash increased 10-fold following the 1987 crash. Because
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these expectations did not materialize, straddle positions may have earned
returns that were significantly more negative than expected. An alternative
possibility is that the market may simply have priced crash risk exceedingly
high during this period. Securities that delivered payoffs in crash states had
their expected returns set at very low levels by the market.

To determine whether one of these conjectures accounts for the observed
low returns to straddle positions, we analyze the returns of “crash-neutral
straddles,” or what practitioners term “ratio-call spreads.” The zero-beta strad-
dle positions that we analyze in Table III have very large payoffs, and hence
very large returns when the market crashes. However, a crash-neutral strad-
dle’s return during a market crash is limited to some level that is specified
when the position is created. For example, a crash-neutral straddle can be
constructed so that its payoff increases as the market loses up to 10 percent
of its value, but its payoff remains the same whether the market loses 10
percent or 50 percent of its value. The position can be achieved by purchas-
ing a straddle position and selling a deeply out-of-the-money put option.2 In
this way, measures of the position’s expected returns are not downward-
biased by infrequent crash observations or high-priced crash risk. Because
the position takes in premium from the sale of the out-of-the-money put,
crash probabilities and insurance costs are explicitly incorporated into the
position’s return up-front.

We calculate zero-beta, crash-neutral straddles by solving for the fraction
of the portfolio allocated to the call position when the remaining weight is
placed in offsetting long and short positions of near- and out-of-the-money
puts, respectively. To do so, we adjust equation (13) as follows:

r,=0r.+(1—0)r,.

(19)
GBC + (1 - 0),817* = O:
where r,, and B,. denote the return and beta of the put leg of the straddle
net an offsetting short position in an out-of-the-money put option. Because
the long and short put positions are identical in terms of number of option
contracts, instead of dollar amounts, the total put position beta can be cal-
culated as

b= 5 _a ) (20)
Pr 9s p* PP py—py’

where p; is the price of the put option leg of the straddle, p, is the price of
the out-of-the-money put option, and A, and A, are the respective option

8 Alternatively, the position can be created by selling deeply in-the-money call options and
purchasing a larger number of call options at a higher strike price. Because deeply out-of-the-
money put options trade far more frequently than deeply in-the-money calls, we use the former
construction.
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deltas. Following the arguments of Section B, the zero-beta weight can be
written as

_Bp* . APz B Apl
Bc_ﬁp* Acpl_p2+Ap2_Apl
c

6:

(21)

Here, we can only use put-call parity to solve for the beta of the straddle put
as a function of that of the straddle call. Thus solving for a zero-beta, crash-
neutral straddle requires two parameters: the call option’s beta, and the
out-of-the-money put option’s beta. Again, we rely on Black—Scholes to pro-
vide the beta estimates, though, as before, the results are quite robust to
mismeasurement.

When implementing the crash-neutral straddle, one must also select the
point at which the position’s returns become invariant to further declines in
the index—that is, one must select the strike price for the out-of-the-money
put option. In our tests, we select the put option with the lowest available
strike price that is at most 15 percent below the index level. The average
moneyness of the out-of-the-money puts used in our results is 89 percent. A
typical zero-beta, crash-neutral straddle’s payoff is depicted in Figure 1. Here,
we show what the payoff to a $100 investment in a zero-beta, crash-neutral
straddle would have been on January 3, 1995, when the index was at 458.14.
Using the option prices, their Black—Scholes implied betas, and equation
(21), we implement the $100 straddle position by purchasing 8.32 call con-
tracts with a strike price of 465, purchasing 6.26 put options with a strike of
465, and selling 6.26 put options with a strike of 400. As we can see, the
strategy has its payoff capped at around $400 upon a large decline in the
index level.

Table V shows that daily S&P 100 and weekly S&P 500 zero-beta straddle
returns remain substantially negative even if we sell off their crash insur-
ance. Average OEX returns are —1.02 percent per day whereas SPX returns
are —3.24 percent per week. As we can see, selling the crash insurance sub-
stantially lowers the maximum and overall returns on the OEX options,
presumably because this capped their returns during the 1987 crash. Un-
reported tests verify that our results are robust to mismeasurement of the
call beta or the out-of-the-money put beta.

One possible concern with our effort to explicitly capture the 1987 crash
by using daily returns is that quotes for out-of-the-money put options may
not have been available as the market was declining on Monday the 19th. To
address this, we use transaction prices for out-of-the-money put options when-
ever a quote is unavailable. The performance of the out-of-the-money put
option is recorded in Panel C of Table V. Each price reflects the first trans-
action to have occurred after 9 a.m. As we can see, on the 19th and 20th of
October, the first transactions in out-of-the-money put options did not occur
until 9:50 and 10:53, respectively. Nonetheless, if we neutralize the strad-
dle’s crash exposure at these prices, the returns of the overall position, which
is short the out-of-the-money put option, are only made worse.
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Figure 1. $100 crash-neutral, zero-beta straddle payoff: January 3, 1995. This figure
depicts the payoff diagram for the “crash-neutral’ straddle position that our algorithm specifies
for January 3, 1995. The horizontal axis measures option moneyness, or the ratio of the spot
price to the strike price of the position. The vertical axis measures the position’s payoff at
maturity.

Finally, to see how robust our findings are to the inclusion of transaction
costs, and to see how well a strategy that exploits the apparent overpricing
of options would fare in “real time,” we consider the following strategy. Each
month, on the day following expiration, we sell (at the bid price) an equal
number of at-the-money calls and puts that are now one month to maturity.
At the same time, we purchase (at the ask) an equivalent number of out-of-
the-money puts to hedge against large crashes. Lastly, we invest the remain-
ing proceeds and the principal in the underlying index. Table VI reports the
monthly returns to this strategy from 1986 through 1995 in the OEX mar-
kets for a range of option premium levels. Over this 10-year period, the
strategy beat the index soundly. At a risk-free rate of five percent per an-
num, the strategy offers a Sharpe ratio of up to 31.31 percent—more than
double that of the index alone (14.47 percent). Moreover, the portfolio can
consist of up to 15 percent of option premium without incurring maximum
monthly losses of greater than 50 percent. To see whether the strategy’s
high Sharpe ratio is a statistically significant improvement over that of the
market, we employ a Britten-Jones (1999) F-test to test the hypothesis that
the mean-variance efficient portfolio contains no exposure to straddles. The
F-statistic associated with the restriction of a zero straddle weight is 8.76
with a p-value of 0.0037. Indeed, even with the incorporation of transaction
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Table V
Returns of Zero-Beta, Crash-Neutral Straddles

This table reports summary statistics on the returns of zero-beta, crash-neutral straddles on
the OEX and SPX. The SPX sample period is January 1990 to October 1995 (305 weeks). The
OEX sample period is January 1986 to October 1995 (2519 days). Both straddles are neutral to
crashes of larger than 15 percent. Bid-ask spreads are checked for significant outliers. Returns
are recorded in daily and weekly percentage terms. The straddle return is calculated according
to equation (21) where B, is the Black—Scholes beta of the call option, and B,. is that of the
combined put position. Both are calculated using the CBOE’s VIX index as implied volatility.
X/s denotes the option’s strike price divided by the underlying price. The ¢-statistics test the
null hypothesis that mean zero-beta straddle returns are zero.

Panel A: Weekly SPX Straddle Returns

Mean return —-3.24
t-Statistic (—2.15)
Median —-7.51
Minimum —-210.41
Maximum 149.15

Panel B: Daily OEX Straddle Returns

Mean return -1.02
t-Statistic (—4.09)
Median -1.50
Minimum —236.10
Maximum 102.79

Panel C: Out-of-the-Money Put Data Around October 19, 1987

Date Time Strike X/s Price Return
10/16 9:04 280 0.965 3.75 780.0
10/19 9:50 255 0.931 22.00 213.6
10/20 10:53 200 0.925 80.00 -72.5
10/21 9:02 200 0.858 22.00 -36.4
10/22 9:56 220 0.867 22.00 —18.2

costs, a strategy of selling crash-neutral straddles offers returns that are
highly significant—both economically and statistically.

E. Other Markets

To investigate whether our results are a special feature of the S&P index
option markets or whether they apply more broadly, we examine average
straddle returns across a variety futures options. Specifically, we measure
the daily returns of straddle positions in the U.S. Treasury bond, Eurodollar,
Nikkei 225 Index, and Deutsche Mark futures options contracts. We calcu-
late returns of zero-beta positions?® by setting the weights according to equa-

9 Our positions have betas that are zero with respect to the underlying contract—not with
respect to the market portfolio.
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Table VI

Returns from Selling Straddles Versus Index

This table compares the monthly OEX index returns to those from a strategy of selling at-the-
money straddles, purchasing an offsetting 15 percent out-of-the-money put, and investing the
remaining premium and principal in the index. The sample period is January 1986 to October
1995 (118 months). Bid-ask spreads are checked for significant outliers. The at-the-money op-
tions are sold at the bid price. The out-of-the-money put is purchased at the ask price. All
options are purchased the day following expiration, mature the following month, and are held
to maturity. Returns are recorded in monthly percentage terms.

Option Premium (percent) 0 5 10 15 20
Mean return 0.99 1.94 2.89 3.84 4.79
Median 1.32 3.96 4.85 6.98 8.48
Minimum —21.53 —27.22 —35.00 —47.45 —59.90
Maximum 11.05 7.01 11.93 16.98 22.03
Std. deviation 3.99 5.48 8.04 10.96 14.01
Sharpe ratio 14.47 27.91* 30.82* 31.29% 31.27*

* The Britten-Jones (1999) F-statistic is 8.76 (p-value of 0.004) on the restriction that the
straddle weight in the mean-variance efficient portfolio is zero.

tion (14) and using the average of at-the-money put and call volatilities im-
plied by Black—Scholes. Our results are presented in Table VII.

Consistent with the S&P index option returns, average call returns are
positive across all four markets and put returns are negative for all but the
Nikkei contract. Average straddle returns are negative for options on Trea-
sury bond, Eurodollar, and Nikkei index futures. Treasury bond straddle
returns, at —0.69 percent per day, are as statistically and economically sig-
nificant as those of the S&P index options. Returns on Eurodollar and Ni-
kkei straddles, although economically large and negative at —0.33 percent
and —0.29 percent per day, respectively, are insignificant statistically. Deut-
sche Mark straddle returns are virtually zero.

Although average straddle returns in other markets are not uniformly
negative like index straddle returns, they are not necessarily inconsistent
with the conjecture that volatility risk is priced. The central intuition of
asset-pricing theory is that only undiversifiable risks are priced in equilib-
rium. To examine whether volatility risk is priced, we need to be specific
about which volatility is systematic. If the only systematic volatility in the
economy is market volatility, then only assets with volatilities that are pos-
itively correlated with that of the market should earn a risk premium. Al-
ternatively, if several volatility factors are priced, then we should not expect
straddle returns to be consistently related to the correlation of their under-
lying asset’s volatility with the market’s volatility.

To investigate this further, in Panel B of Table VII we present correlations
between the implied volatilities of our four markets and the VIX. Assuming
that the VIX represents an approximate measure of the volatility of the
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Table VII

Zero-Beta Straddle Returns of Other Assets
This table reports average zero-beta straddle returns for Treasury bond (TB), Eurodollar (ED),
Nikkei 225 Index (NI), and German Mark (DM) futures options. It also reports correlation
coefficients for the implied volatilities of these options (o) and the VIX. The data consist of
daily closing prices obtained from Bridge/CRB Historical Database for the time period October
1988 (September 1994 for Nikkei) to August 1999.

Panel A: Average Daily Returns

Underlying T-bonds Euro$ Nikkei D-Marks
Mean call return 0.53 1.20 0.12 0.12
Mean put return —1.51 —1.52 0.43 —0.03
Mean strad return —0.69 -0.33 -0.29 0.01
t-Statistic (—5.04) (—1.68) (—0.57) (0.03)
Number of days 1783 2580 1075 2687

Panel B: Implied Volatility Correlations

orB OED OnT Opm
Orp 0.25%*
ONT -0.06 -0.07*
Tpur 0.01 0.13%%* 0.14%%*
VIX 0.12%%* —0.12%* 0.08%* —0.16%*

* ** denote statistical significance at the 0.05 and 0.0001 levels, respectively.

market portfolio, we see some evidence that market volatility is priced. Our
highest correlation is between the Treasuries and the VIX at 12 percent,
which is consistent with the highly significant negative returns on Treasury
bond straddles. Our lowest correlation is between the Deutsche Mark and
the VIX at —16 percent, which is consistent with the relatively high DM
straddle returns. At eight percent, the correlation between Nikkei implied
volatility and the VIX is also fairly positive, accounting for the somewhat
negative Nikkei returns. On the other hand, the Eurodollar volatility corre-
lation is —12 percent, which is inconsistent with their —0.33 percent daily
straddle return. All of the correlations with VIX in Panel B are statistically
significant at conventional levels.

We interpret these results as very tentative evidence that market volatil-
ity risk is priced. However, it seems likely that other volatilities, such as
interest rate, exchange rate, or production volatility are both undiversifiable
and important to investors. Our evidence does not preclude the possibility
that several types of volatility risk are independently priced.

F. Time-series Returns Regressions

The negative returns of straddle positions, particularly on securities whose
volatilities are positively correlated with that of the market, indicates that a
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Table VIII

Time-series Returns Regressions

This table contains the results of time-series regressions that test whether straddle returns are
priced as a factor. The dependent variable of each regression is the excess return of one of
CRSP’s size-decile portfolios, and each regression is estimated with monthly data from January
1986 through December 1995 (120 months). The intercepts are expressed in terms of percent
per month. Zero-beta straddle returns, r,,, are calculated by estimating at-the-money returns
with a weighted average of daily zero-beta straddle returns, and cumulating these daily returns
each month. The GRS F-test reported at the bottom of the table is from Gibbons, Ross, and
Shanken (1989). r,,, is the return of CRSP’s value-weighted index of all NYSE and AMEX stocks
and r, is CRSP’s short-term Treasury bill rate.

Ty =1 = @+ Biy (T — 1p) + Bi(ryy —17) + 84

r, =1 Q; t-Statistic Bim t-Statistic Biv ¢t-Statistic ~ Adjusted R
Size 1 —0.287 —-0.53 0.84 6.31 —0.0328 —-2.08 0.33
Size 2 —0.523 -1.51 0.84 9.96 —0.0296 —2.96 0.55
Size 3 —-0.600 -2.32 0.83 13.19 —0.0301 —4.03 0.69
Size 4 —-0.627 -2.93 0.86 16.45 —0.0291 —4.70 0.77
Size 5 —0.582 —-3.08 0.89 19.29 —0.0242 —4.42 0.81
Size 6 —-0.353 —2.02 0.93 21.85 —0.0237 —4.70 0.85
Size 7 -0.273 —1.75 0.99 26.10 —0.0189 —4.21 0.88
Size 8 -0.202 -1.73 0.96 33.66 —-0.0156 —4.62 0.92
Size 9 —0.096 -0.97 1.04 42.98 —0.0090 —-3.16 0.95
Size 10 0.094 2.19 1.00 95.98 0.0059 4.81 0.99

GRS F-Test = 2.31 (p = 0.0168)

market volatility risk factor may be important in explaining security re-
turns. To pursue this, our final set of results focus on time-series regressions
of portfolio returns on market return and volatility factors. Specifically, we
regress excess returns of CRSP’s size-decile portfolios on excess returns of
the market and the excess returns of our zero-beta straddles. To calculate
our straddle returns, we first estimate a daily at-the-money zero-beta strad-
dle return by taking a weighted average of the zero-beta straddle returns
corresponding to strike prices immediately above and below each day’s open-
ing level of the S&P 100. Then we cumulate these daily returns for each
month. Because our straddle returns are highly sensitive to innovations in
volatility, their excess returns should capture any ability of volatility risk to
account for cross-sectional variation in excess returns. For each size portfo-
lio i, we conduct a regression of the following form:

Ty =T = ; + Bipy (T — 1) + Biy(ryy — 1) + &4, (22)

where r;, reflects the return on portfolio i in period ¢, 7 is the risk-free rate
of return, r,,, is the period ¢ market return, and r,, represents the period ¢
zero-beta straddle return. The regression results are presented in Table VIII.
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As we can see, the betas on the volatility factor are significant across all
10 portfolios. Most interesting is that the coefficients are closely related to
portfolio size. The magnitudes range begin with —0.0328 on portfolio 1 and
increase steadily to 0.0059 for the largest size portfolio. This indicates that
a firm’s size may be closely related to its exposure to volatility risk. Small
firms, it appears, experience far worse returns when volatility increases than
larger firms. In fact, firms in the largest size portfolio appear to hedge their
investors against innovations to volatility. This result, if sustained, offers a
potential explanation for size-related return anomalies. Large firms, in hedg-
ing their investors against increases in market risk, earn lower equilibrium
returns than those justified by their CAPM betas.

IV. Conclusion

Although the pricing of option contracts is the subject of considerable at-
tention from researchers, option returns have been largely neglected in the
literature. Standard asset-pricing theory claims that option risks should be
priced no differently that those of other assets in the economy—according to
the degree of systematic risk they require their holders to bear. Hence, op-
tion markets offer an excellent setting in which to test basic implications of
asset-pricing theory.

In this paper, we offer the first detailed examination of long-run option
returns in the context of implications set forth by asset-pricing theory. We
find that option returns largely conform to most asset-pricing implications.
However, considering their levels of systematic risk, we find considerable
evidence that both call and put contracts earn exceedingly low returns.
A strategy of buying zero-beta straddles has an average return of around
—3 percent per week. This finding is robust to a variety of checks, including
allowing for measurement errors, altering the sample period and frequency,
removing the crash-insurance component of the straddle premium, and ac-
counting for transaction costs.

Our results strongly suggest that something besides market risk is impor-
tant for pricing the risk associated with option contracts. Because zero-beta
straddle returns are basically determined by innovations in market volatil-
ity, our results imply that systematic stochastic volatility may be an impor-
tant factor for pricing assets. This interpretation is supported by our findings
that straddle returns are also negative in other options markets and are
somewhat related to the correlation between their implied volatilities and
those of the S&P 100 index. We also offer some preliminary evidence that a
volatility factor helps explain a significant component of the time-series vari-
ation in portfolio returns. Intriguingly, the returns of large firms are posi-
tively related to innovations in volatility, offering a possible explanation for
size-based returns anomalies.

It would be natural to extend the results in this paper by fitting the data
with models that incorporate systematic stochastic volatility like Heston (1993).
However, there is already some evidence that Heston’s model does not fit the
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data (see Bates (1997) and Chernov and Ghysels (1998)). Also, it is impor-
tant to note that simply incorporating crash risk will not be sufficient to
explain the nature of the option returns documented here. Another natural
extension of our results might be an investigation of whether volatility risk
is priced in the returns of other assets. If volatility risk were found to be
priced in a broader set of assets, it might shed light on existing cross-
sectional asset-pricing puzzles.
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