ECONOMIC SIGNIFICANCE
OF RISK PREMIUMS IN THE
S&P 500 Or1r1ION MARKET

R. BRIAN BALYEAT

Option pricing is complicated by the theoretical existence of risk premi-
ums. This article utilizes a testable methodology to extract the pricing
impact resulting from these risk premiums. First, option prices (based on
the full dynamics of the underlying) are computed under the assumption
that these risk premiums are not priced. The pricing methodology is inde-
pendent of any particular option-pricing model or distributional assump-
tions on the return process for the underlying. The difference between the
actual market prices and these “no-premium base case” prices reflects the
effect of risk premiums. For at-the-money, 13-week S&P 500 options trad-
ing from 1989 until 1993, the effect of risk premiums is statistically sig-
nificant and averages slightly over 20% (in units of Black—Scholes implied
volatility). A simple delta-hedging strategy is used to demonstrate the eco-
nomic significance of risk premiums, as the trading strategy provides
enough profit to absorb a crash similar in magnitude to the 1987 crash
once every 6.20 years. © 2002 Wiley Periodicals, Inc. Jrl Fut Mark
22:1147-1178, 2002
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INTRODUCTION

The pricing of options relative to the characteristics of the underlying
or the characteristics of other derivative securities is complicated by the
theoretical existence of risk premiums in option markets. Much of the
historical literature on option pricing simply assumed that these risk pre-
miums did not exist. More recently, this assumption has been criticized.
However, testing for and modeling risk premiums either has been indirect
or has required taking a stand on the theoretical option-pricing model.
This article develops a methodology to test for and determine the eco-
nomic significance of risk premiums in derivative markets. The testing
methodology is independent of any particular option-pricing model or
distributional assumptions on the return process for the underlying. In
addition, the methodology provides easy metrics by which its calibration
can be tested as well as the volatilities necessary to properly hedge a port-
folio of options necessary to capture these risk premiums.

The compensation for risk premiums is defined as the difference
between the market price of an option and the price that would be implied
(on the basis of the full dynamics of the underlying) if risk premiums are
not priced. The semi-non-parametric technique (SNP) of Gallant and
Tauchen (1989) is used to model the full dynamics of the S&P 500 index
via its conditional density. In this case, the lagged values of the returns on
the S&P 500 index and the 3-month Treasury bill rate are used as inputs
for the SNP technique. Using Girsanov's theorem, a simple change in
measure is then used to forecast these dynamics of the S&P 500 and price
options on the basis of the index in a risk-neutral setting. Because option
prices are not used to determine the SNP conditional density for the
underlying, the resulting option prices are risk-neutral with respect to any
risk premiums normally found in option markets.

Thus, it does not matter if risk premiums are compensating the
investor for volatility risk, jump-frequency risk, jump-size risk, or other
risks in the option markets. The difference between the market price and
the “no-premium base case” price simply represents compensation for
undertaking those risks. In this study, the average effect of risk premi-
ums (measured in units of Black—Scholes implied volatility) for 13-week,
at-the-money S&P 500 index options over the no-premium base case
is 20.9%.

After determining the statistical significance of risk premiums, the
next step is to determine their economic importance. If the market is
efficient, any decision rule on whether to buy or sell a properly hedged
portfolio of options should return the risk-free rate in the long run
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(excluding transaction costs). However, the key to this procedure is cal-
culating the correct volatility to use in the hedging ratio. Fleming (1999)
and others generally used the volatility implied by the market price of the
option. To the extent that the market price includes the effects of any
risk premiums, the volatility implied from the market price is liable
to overstate the volatility of the underlying. To extract the pricing effects
of option risk premiums, the hedge should replicate the portion of the
option value driven solely by the fundamentals of the underlying. Thus,
the hedge should be calculated using the volatility implied by the fore-
cast of the underlying dynamics and not from the volatility implied by the
market price of the option. Hedging with the volatility implied by market
prices results in hedge ratios whose magnitude is overstated; therefore,
the average profit is understated. Because this article utilizes a method-
ology that computes option prices in the absence of option risk premi-
ums, it is a relatively simple matter to extract the appropriate hedging
volatility.

Therefore, the decision rule of buying the option if the no-premium
base case price is greater than the market price and selling the option
otherwise is implemented. The portfolio is then delta hedged (updated
weekly) with S&P 500 futures and held until maturity. However, if the
delta-hedged portfolio earns a positive return, it cannot be concluded
that the risk premiums in the option prices are necessarily economically
significant. The profit could simply represent the compensation for
bearing risk in the option market. To help put this compensation into
perspective, a comparison is made between the average profit that the
decision rule generates and the losses incurred if crashes of differing
magnitudes arise during the time period. This ratio provides a measure of
the economic importance of risk premiums, as it illustrates the frequency
that market makers can absorb the losses resulting from simulated
crashes of varying magnitudes. The results show that the losses generated
during the simulated crashes can be absorbed quickly (relative to the
historical frequency of the crashes) by the profits generated during non-
crash quarters. For example, the strategy only takes 6.20 years to absorb
the losses generated during a simulated crash similar in magnitude to the
1987 crash.

The remainder of this article is organized as follows. The first sec-
tion reviews the existing literature concerning option pricing and the
corresponding risk premiums. The data series used in the analysis are
outlined in the second section. The third section outlines the SNP
methodology used to calculate the conditional density of the S&P 500
index and the corresponding option-evaluation technique, whereas the
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fourth section discusses the existence, magnitude, and several of the
properties of the pricing effects of risk premiums in this market.
Estimates of the economic significance of risk premiums are presented
in the fifth section and the sixth section concludes.

LITERATURE REVIEW ON RISK PREMIUMS
RELATIVE TO OPTION PRICING

Financial no-arbitrage theory dictates that if options are redundant secu-
rities and the market is frictionless, then the state-price density (SPD)
implied by option prices must be identical to the SPD implied by the
forecast of the underlying’s dynamics over the maturity of the option.
Thus, in this case either risk premiums do not exist or are not priced in
equilibrium. Any deviation between the two SPDs indicates that there
are either arbitrage opportunities in the market or that one of the mar-
kets is pricing additional sources of risk. These additional sources of risk
can arise from frictions within either of the two markets, mispricing
because of hedging pressures, liquidity risks, or one of the two markets
(presumably the option market) putting additional weight on the higher
moments of the underlying’s distribution.

Risk premiums in option markets have three important implications
for both theoretical and empirical finance. First, given that an exact
option-pricing model has not been developed, a reasonable alternative is
to price a set of options using the prices from other traded securities.
Jackwerth and Rubinstein (2001) priced one set of options on the basis

of the prices (and thus implied volatilities) from other sets of options. In

the presence of significant risk premiums, this process is complicated by
the fact that the dynamics of those premiums must also be considered.
Green and Figlewski (1999) looked at a variant of this theme by examin-
ing delta-hedged option-writing strategies where the options were priced
with a volatility markup relative to their best volatility forecast from
historical data. They concluded that writing options with this type of
volatility markup and hedging them using premarkup volatility forecasts
significantly reduced the risks involved.

Second, option markets provide a natural mechanism to gain insight
into the expected dynamics of their respective underlyings. Engle and
Mustafa (1992) used a GARCH model to estimate the volatility process of
the underlying on the basis of a series of traded options. Ferson, Heuson,
and Su (2000) measured the predictability in stock market returns given
the implied volatilities from option prices on the respective underlying.

Bates (2000) developed a two-factor geometric jump-diffusion process to
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model futures prices that nests both stochastic volatility and stochastic
volatility/jump-diffusion models. After calibrating the model to observed
option prices, Bates (2000) concluded that a stochastic volatility model
would require implausible inputs for the volatility of volatility and that the
stochastic volatility/jump-diffusion model did not match the characteris-
tics of the underlying. Poteshman (1998) developed a method to estimate
a general stochastic variance model for the underlying from option prices.
From the options data, Poteshman (1998) was able to reject many of the
restrictions to the general stochastic variance model that are common in
the asset pricing literature.

Third, and possibly the most important implication of risk premi-
ums, is their effect in a theoretical option-pricing framework. If risk pre-
miums do not exist or are not priced in equilibrium, then markets are
complete, and any derivative security can be priced in a no-arbitrage
framework. This leads to option-pricing models where the volatility of
the underlying is a deterministic function of time and path of the under-
lying asset. Models of this variety include the original Black-Scholes
(1973) model; the Cox and Ross (1976) constant elasticity-of-variance
model; the Rubinstein (1994), Derman and Kani (1994), Duprie (1994),
and Derman, Kani, and Chriss (1996) implied tree models; and the
Ait-Sahalia and Lo (1998) kernel approach. However, if risk premiums
do exist and they are priced, then the no-arbitrage framework no longer
applies, necessitating the use of stochastic option-pricing models.
Models of this nature include the stochastic interest rate models of
Merton (1973) and Amin and Jarrow (1991); the jump-diffusion models
of Merton (1976), Bates (1991), and Madan, Carr, and Chang (1998);
the stochastic volatility models of Hull and White (1987), Scott (1987),
Wiggens (1987), Melino and Turnbull (1990, 1995), Stein and Stein
(1991), and Heston (1993); the stochastic volatility and stochastic inter-
est rate models of Bailey and Stulz (1989), Amin and Ng (1993), and
Bakshi and Chen (1997a,b); and the stochastic-volatility/jump-diffusion
models of Bates (1996a), Scott (1997), Bakshi, Cao, and Chen (1997),
and Bates (2000). However, each of these models requires the estima-
tion of additional parameters to account for the nondeterministic nature
of volatility.

The earliest evidence to support the existence of risk premiums in
option markets is from analysis of the informational content of implied
volatility from stock-index options relative to the corresponding realized
future volatility. Canina and Figlewski (1993) found that volatility
implied from S&P 100 options provided a very poor forecast of the
future volatility of the index. However, Day and Lewis (1992); Fleming,
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Ostdiek, and Whaley (1995); and Fleming (1998) found a much stronger
relationship between the implied volatility and the future realized volatil-
ity. The rough consensus from this literature is that the Black—Scholes
implied volatility generally has predictive power, but it is an upwardly
biased predictor of the volatility realized over the life of the option. This
conclusion can be viewed as evidence that risk premiums exist in these
markets. However, those articles are not a direct test for the existence of
risk premiums, as they jointly tested a given option-pricing model and
the existence of risk premiums. Buraschi and Jackwerth (2001) also
examined the existence of risk premiums in the S&P 500 index option
market indirectly by testing to see if options are truly redundant assets. If
options are redundant assets, then risk premiums are not present
because the returns on the underlying and the at-the-money options will
span the prices in the economy. Their conclusion was that out-of-the-
money and in-the-money options are not redundant securities when the
at-the-money option and the underlying are used to span the payoff
space. Therefore, risk premiums must exist in this market.

Another means by which the existence of risk premiums can be
examined is by testing the martingale property. The martingale property
simply states that the expected price of the asset under the risk-neutral
SPD implied by the cross section of option prices, discounted by the
risk-free rate, must equal the current price of the underlying. Two
studies that directly tested the martingale restriction are Longstaff
(1995) and Brenner and Eom (1997). In Longstaff (1995), a Hermite
polynomial expansion was used to approximate the SPD for a collection
of S&P 100 index options. Longstaff (1995) found that the index level
implied by the pricing kernel was significantly larger than the correspon-
ding index level and, thus, rejected the martingale restriction. Brenner
and Eom (1997) used a Laguerre orthogonal polynomial series on S&P
500 index options and were unable to reject the martingale property.
Ait-Sahalia, Wang, and Yared (2001) extended this line of research by
comparing the SPD implied by S&P 500 index option prices to the SPD
implied by the underlying. They tested to see if the information con-
tained in the cross section of option prices at a given point in time was
consistent with the information contained in the time series of the

underlying up to that point in time. Their conclusion was that the two
SPDs are significantly different because the SPD implied by the option
prices exhibited excess skewness and kurtosis relative to the SPD implied
by the index.

Two articles that examined the joint dynamics of the underlying and
the associated option prices are Chernov and Ghysels (2000) and Pan
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(2001). Chernov and Ghysels (2000) used the SNP methodology on
S&P 500 index returns and the corresponding at-the-money Black—
Scholes implied volatility as the moment-generating function to test the
Heston (1993) stochastic volatility model with the efficient method of
moments procedure of Gallant and Tauchen (1996b). Although they
found that the data rejected Heston's (1993) model, they concluded
that, for the purposes of option pricing, a univariate approach using only
option data dominates the bivariate approach. This implies that, relative
to the dynamics of the underlying, risk premiums play a more important
role in option pricing. Pan (2001) used the aforementioned Bates (2000)
model to examine the joint dynamics of the S&P 500 index and 1-month,
at-the-money options. The procedure separately identified both a
stochastic volatility and a relatively more important jump-risk premium
component in the option-pricing framework.

However, none of these articles examined or modeled risk premiums
directly without assuming a specific option-pricing model and paramet-
ric form for the underlying. As noted in Bates (2000) and Chernov and
Ghysels (2000), frequently the data rejected the parametric specification
for the underlying, the option-pricing model, or both. Before the effects
of risk premiums in option prices can be recovered, the dynamics of the
underlying must be carefully and adequately modeled. Thus, this article
uses a methodology to test the economic significance of the effects of
risk premiums in option markets that is independent of any particular
option-pricing model or distributional assumptions on the return process
for the underlying. In addition, the process allows for direct examination
of the effects of risk premiums through time, across strikes, and by
option maturity.

DATA

The primary data set consists of weekly observations on the S&P 500
index and the 3-month U.S. Treasury bill rate from January 1954 through
August 1996 (2226 weekly observations). Weekly data are used to bal-
ance the need to estimate the dynamics of the underlying as accurately as
possible with the desire for a parsimonious model that avoids the compli-
cations presented in the estimation day-of-week effects for the mean and
volatility parameters of both series. The 3-month Treasury bill rate is
included in the data set because previous empirical work [see Campbell
(1987); Whitelaw (1994); Boudoukh, Richardson, & Whitelaw (1997);
and Scruggs (1998)] shows that the equity series behavior depends on
the level of the interest rate. To construct a comprehensive set of weekly
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observations for the two series, the day of the week with the fewest miss-
ing observations is initially used. However, although Wednesday has the
fewest missing observations (86 total for both series), almost 30% (25 of
the total) of the missing observations occurred in the last 30 weeks of the
1968 equity market. As noted in French and Roll (1986), the 1968 equity
markets were experiencing technical difficulties, and the backlog neces-
sitated closing an extra day each week for order processing and updating
equipment. Thus, because of the clustering of the missing Wednesday
observations, the day with the next largest number of observations is
used. Tuesdays have the next fewest missing observations (106 total for
both series). If the Tuesday observation is missing for either series, the
Wednesday data for both observations are used. Wednesday data exist for
each of the missing Tuesdays. As noted in the third section, the model is
originally calibrated to Tuesday data (fewest missing observations) and
is then recalibrated to Friday data to correspond to S&P 500 index option
maturities.

After collecting the weekly data set, two transformations are per-
formed. For the S&P 500 index, geometric percentage returns are calcu-
lated; for the 3-month Treasury bill rate, the natural logarithm is used to
prevent the simulation of negative interest rates. These transformations
left 2225 observations for both series, 25 of which are dropped from the
beginning of the data set to serve as start-up values.

The option data use Friday last-trade prices (as opposed to quotes)
from March 17, 1989 to December 31, 1993 for all traded strikes on the
S&P 500 index with maturities of at least one week. S&P 500 index
options are chosen because they are European; thus, the analysis is not
complicated by an early exercise premium. In addition, to avoid a nonsyn-
chronous trading bias, the level of the S&P 500 index and the correspon-
ding futures price at the time of each trade are also recorded. Because the
S&P 500 index provides a dividend stream, a dividend series is needed for
the option evaluations. The dividend series is derived by value-weighting
the annualized, most recent dividend for each company in the index,
summing them, and dividing by the current index level for that day.

ODOLOGY

SNP Methodology

To derive the joint conditional dynamics of the stock and bond series, the
SNP methodology of Gallant and Tauchen (1989) is used. SNP utilizes a
Hermite polynomial expansion to approximate the density function of
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the underlying time series, y,. Letting x denote a vector of lagged values
of the time series up to a final lag L [i.e., x = (y/_,..., ¥/-2, ¥i-;) ] and
z =R '(y — u) be the standard location-scale adjustment, the SNP
density function with parameter vector 6 is of the form

fly

with a constant of proportionality of 1/ [[P(s, x)]%¢(s) ds. In addition,
P(z, x) is a multivariate Hermite polynomial of degree K. in z, where each
of the coefficients can be a polynomial of degree K, in x and can depend

x, 0) [P(Z.X)]ln,\.j(Y{Mx:E) (1)

on L, lags in x. The multivariate Gaussian density of dimension M, with
mean vector p,, and variance—covariance vector Z,, is denoted
ny(y| By, =,), and the standard multivariate Gaussian distribution with
a zero mean vector and an identity variance—covariance matrix is repre-
sented by ¢(z).

To decrease the number of terms in the Hermite polynomial, addi-
tional parameterization of the mean and variance of the Gaussian term is
provided. The specification for the mean is a simple autoregressive func-
tion of the form wu, = b, + Bx,_,. The number of lags in the autoregres-
sive term is denoted L,. The variance specification is similar to the
ARCH specification proposed by Nelson (1991) and Davidian and
Carroll (1987), where £, = RR., vech(R,) = p, + r|x,_, — M,_,, and
[x,_; — WM,_,| are vectors of error terms y,_; — u, L0 Yy Ty of
length L.

In addition to the tuning parameters already discussed (L, L, L,
K., and K,), the SNP methodology provides two additional parameters, I,
and I_. Both of these terms are designed to suppress interactions between
the data series in the Hermite polynomial. Fixing I and I, both equal to
zero does not suppress any of the terms in the polynomial. Setting I_ to a
positive integer suppresses all interaction terms in the polynomial of
degree (in z) higher than K, — I.. The case is the same for I..

The parameters of the SNP specification are set in the usual maxi-
mum likelihood manner by minimizing

5,0) = —(1/n) D log[f(y, [ x, 6)] (2)
t=1

The size of the specification (i.e., the individual values of the tuning
parameters) is set by minimizing the Schwarz—Bayes information criterion
(Schwarz, 1978)

BIC =5,(0) + (1/2)(py/n)log(n) (3)
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where p, represents the number of parameters, and # is the number of
observations in each series.

As noted in Fenton and Gallant (1996), the BIC generally tends to
be too conservative and, therefore, selects under-parameterized models.
Thus, each model is subjected to a battery of specification tests designed
to measure the predictability of the residuals. The specification tests, first
proposed by Gallant, Rossi, and Tauchen (1992), are designed to deter-
mine if the scaled residuals have any power to predict the mean or vari-
ance of the data series. The mean test regresses the scaled residuals on
20 lags of the linear, squared, and cubic terms of the lagged data series.
Likewise, the variance test regresses the square of the scaled residuals on
20 lags of the linear, squared, and cubic terms of the lagged data series.
Any predictability of the residuals signals an underspecified model.
Logical steps to correct predictability in the mean include adding lags in
the autoregressive specification (i.e., increasing L,) or increasing the
dependence of the Hermite polynomial on lagged values of the data by
increasing K, or L. For the variance, adding lagged values in the ARCH
specification or increasing the dependence of the Hermite polynomial on
lagged values of the data are logical steps to remedy predictability in the
squared scaled residuals.

Estimation of the Joint Conditional Density

The estimation of the bivariate specification follows the procedure out-
lined in Gallant and Tauchen (1996a). A detailed analysis of the specifi-
cation search is available from the author upon request. The final model
is determined by a combination of the BIC criteria and the specification
tests detailed previously. The preferred model is characterized by one
nondiagonal lag in the autoregressive specification, 13 lags in the ARCH
stock specification, 12 lags in the ARCH bond specification, and a
Hermite polynomial of degree 4 whose coefficients at the linear level are
linear functions of the lagged values of the data. Also, the ARCH speci-
fication is diagonal except for the contemporaneous constant, and inter-
actions in the Hermite polynomial above the linear level are suppressed
(I, = 3). This model passes the mean and variance specification tests
for both the bond and stock series with p values all easily above
0.01. Simpler models either fail one or more of the specification tests
(p values of less than 0.01) or are dominated (either by a simple LRT for
nested models or by the BIC for non-nested models) by the preferred
model.




The large number of lags in the ARCH specification for both the
stock return and the bond series is characteristic of the persistence in
the volatility for both of these series. The fourth degree Hermite polyno-
mial allows for excess skewness and kurtosis in these series relative to
the normal. In addition, the coefficients on the linear terms in the
Hermite polynomial are functions of the lagged data. This allows the
shape of the distribution to depend directly on the path of the series in
fairly complex ways.

When estimating option values by simulating the underlying, it is
imperative that the conditional density of the underlying be estimated as
accurately and flexibly as possible. There are three very appealing char-
acteristics of the SNP methodology that make its use ideal in this set-
ting. First, the SNP methodology nests many of the traditional financial
econometric models. For example, setting L, = L, = L, = K, = 0 pro-
duces an i.i.d. Gaussian characterization. By then moving L, > 0, a
Gaussian VAR is produced, and then by setting L, > 0, a Gaussian
AR-ARCH is parameterized.

Second, according to Gallant and Nychka (1987), the SNP methodol-
ogy is dense over the class of probability density functions (pdf). Hence,
asymptotically, the SNP density, f(y | x, #), can be made arbitrarily close to
the true density, p. In other words, lim;_,.. ming|p(-|-) — fx(-[-, @) = 0.
These results also hold for densities based solely on the Hermite polyno-
mial expansion. Therefore, the autoregressive and ARCH features of the
SNP process cannot hurt the fit and can only aid in the model-selection
process. The autoregressive and ARCH features of the SNP estimation are
similar to the prewhitening process of Andrews and Monahan (1992).

Third, by setting K_ > 0 (K, = 1 in this case), the shape of the error
density becomes a function of the lagged data. Consequently, not only
location and scale but also the basic shape of the pdf can depend on
lagged values of the data. Thus, the SNP pdf is able to capture stochastic
volatility or jump probabilities that are inherent in the dynamics of the
underlying index. This heterogeneity and flexibility of the SNP method-
ology is an advantage not found in many other estimation techniques
and is essential in any option-pricing setting.

A 25,000-week simulation from the bivariate specification is pre-
sented in Figure 1. The top two panels represent the equity series, and
the bottom two stand for the bond series. The left-hand panels present
the entire 480+ years in the simulation, whereas the right-hand panels
display only the first 2200 observations from the simulation. The stock-
return simulation has the “electrocardiogram” pattern that is expected
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FIGURE 1

Bivariate pdf simulations. The top two panels represent the equity series, and the bottom two
stand for the bond series. The left-hand panels present a 480+ year simulation, and the
right-hand panels display only the first 2200 observations from the simulation.

for series of this nature. In addition, there are clearly times when the
market experiences sharp declines similar in magnitude to the crash of
1987, and the 2200 point graph displays evidence of volatility clustering.

The bond simulation derived from the bivariate specification repre-
sents a very plausible forecast. What is arguably the most striking feature
of these graphs is the ability of the model to produce bond simulations
that appear to exhibit the regime-switching characteristics of Hamilton
(1988) and Gray (1996). In the graph of the first 2200 observations, it
appears as if the process has entered into a new regime on or about the
1000th observation. However, the SNP process is intrinsically of one
regime.

Option-Evaluation Methodology

The 5-year option data set includes 22 dates in which 13-week options
are traded. Two of these dates, May 22, 1992 and November 22, 1993,
are dropped from the analysis because options on these dates only traded
over a few strikes (10 and 5, respectively) and appeared to have low lig-
uidity, as many of the last trades of the day occurred before noon. The
remaining 20 dates correspond to the March, June, September, and
December contracts and have expirations corresponding to the S&P
futures contracts. The 13-week options are chosen for the analysis for
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three reasons. First, the 13-week options have reasonable liquidity
because most strikes trade throughout the day. Second, by choosing
13-week options, the number of times during the analysis when it is nec-
essary to switch maturity dates is kept to a reasonable level. Finally, as
previously noted, these contracts have maturities that correspond to the
S&P futures contracts, which will be used later for delta hedging.

To avoid an out-of-sample bias, a new SNP optimization is rerun for
each of the 20 quarters previously mentioned, conditioning only upon
the weekly data up to and including that date. The SNP specification is
assumed to be the same size as the preferred Tuesday data model exam-
ined previously, only now re-estimated upon the corresponding Friday
weekly data. The switch to Friday data is necessary to match the maturi-
ties of the S&P 500 options. As shown in Table I, all 20 of the SNP spec-
ifications passed the mean and variance specification tests for both the
stock and bond series, even at the 5% level.

To compute option prices based on the SNP specification for a given
day, a simulation from the bivariate conditional density is run W weeks
ahead (W is the number of weeks to maturity for the option). For options
with less than 13 weeks to maturity, the corresponding SNP specification
with 13 weeks to maturity is used, but the conditioning vector is updated
to include observations up to and including the date in question. A vec-
tor of 10,000 independent realizations of the W weeks-ahead equity
return is collected. The mean of the vector is adjusted by subtracting the
average return from each component and then adding back the cost of
carry (the risk-free rate minus the dividend rate). This adjustment to the
return vector does not affect the volatility (or any of the other higher
moments) of the simulated returns and ensures that the options calcu-
lated from the simulations do not violate the put-call parity. The adjusted
vector of equity returns corresponds roughly to the equity values of a
13-week binomial tree with time-varying volatility. Risk-neutral asset
pricing is then applied to value the options over each of the 10,000 real-
izations of the process that are then averaged and discounted at the risk-
free rate to calculate the option value. This methodology is motivated by
Girsanov's theorem, as expanded by Harrison and Kreps (1979). When
changing from the actual density to the risk-neutral SPD implied by the
dynamics of the S&P 500, the (instantaneous) diffusion functions are
identical under both measures, and only the drift needs to be adjusted.

The estimation process is repeated for each index level for which an
is option traded. This is necessary because on any given day the options
across strikes do not trade simultaneously and are thus priced in the

market on the basis of different levels of the underlying index. Therefore,
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Risk Premiums 1161

all of the options are evaluated on the basis of an adjusted simulation
that conditions upon the history, which includes the return generated by
the index level of the underlying at the time of the trade as the most
recent lag of the equity series. To maintain comparability between option
evaluations on the same day (on the basis of a different index level), each
simulation uses the same vector of random numbers. However, using a
unique vector of random numbers for the various simulations in a given
day usually only affects the option evaluations by less than a penny.

Mathematically, for a put and call with strike X, time to maturity T,
initial index level S, risk-free rate rj, dividend rate d;, and N simulated
returns each denoted as R,

N
> max[0, (Sy; — X)]e "

i=1

N
and
N
2 max|0, (X — S-,-vf)]e*r'f
p = izl N (4)
where

. 1 &
Spi=So(B, —pp +rp—dp) and g = NE R;
i=1

This is simply a discrete approximation of

where i, is the terminal value function for the option in question (i.e.,
max|S; — X, 0] for call options and max[X — S, 0] for puts), and p(S;) is
the risk-neutral SPD implied by the dynamics of the S&P 500 index.

This process has several advantages over the canonical approach
in Stutzer (1996). Like Stutzer (1996), this approach uses a long time
series to compute the density for the underlying. However, unlike Stutzer
(1996), the shape of the SNP density is conditional and is able to simu-
late previously unobserved realizations.

Characteristics of the Volatility Series
and the Effect of Risk Premiums

The first step in the analysis is to determine the magnitude of risk
premiums and examine several of their characteristics. However, before
risk premiums and their effects can be examined, it is necessary to cal-
culate an implied volatility for each market option in the data set and
for the corresponding options derived from the SNP simulations. The
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Black-Scholes option-pricing formula is inverted, as originally proposed
by Latané and Rendleman (1976), to obtain an implied volatility for each
market option on the basis of the level of the index at the time of the
trade. The same is done for each of the corresponding simulated option
prices. The Black—Scholes model is chosen because it is a convenient
metric for scaling and allowing comparisons of option prices across
strikes, option maturities, and time, not because it is deemed to be the
appropriate option-pricing model.

The option prices created from the dynamics of the underlying are
not competing with the Black—Scholes model (or any other option-pricing
model) in a “horse race;” rather these option prices are specifically
designed to be “no-premium base case” prices. By their very construction,
these option prices assume that risk premiums are either zero or not
priced. As mentioned in the previous section, the SNP methodology com-
putes a conditional density at time t on the basis of the lagged values of
the variables in question up to and including time t — 1. Because the
option prices that result from the SNP simulations of the index returns do
not involve actual market-option prices, they are risk-neutral with respect
to any risk premiums implied by the option market.

If there are risk premiums in the S&P 500 index option market,
then the no-premium base case prices should be significantly less than
the corresponding market prices for these options. This ordering is then
preserved when the prices are transformed into their corresponding
Black—Scholes implied volatilities. The difference between the two
implied volatility series represents the effect of risk premiums. As noted
in Bates (1996b), “. . . risk-neutral and actual expected average variances
will diverge in the presence of a substantial risk premium.” Figures 2
and 3 graph the 1991 implied Black—Scholes volatilities that correspond
to the market and no-premium base case prices. Because each point is
evaluated on the basis of the index level at the time of trade, the implied
volatility smirks are not necessarily smooth.

From these graphs, two very important factors become evident. First,
the implied volatilities match the “smile,” or more accurately, the “smirk”
pattern noted in the literature for the posterash S&P 500 index options
[see Rubinstein (1994)]. In other words, option-implied volatilities
increase for strikes less than the current index level (out-of-the-money
puts and in-the-money calls), flatten for near-the-money strikes, and
begin to rise slowly for strikes above the at-the-money level (out-of-the-
money calls and in-the-money puts). This effect has been attributed
to institutional factors such as the market charging a premium for buying
out-of-the-money puts as portfolio insurance and a thin market for
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FIGURE 2

1991 call-implied volatility. The four panels in this figure represent the four quarters in 1991.
Each panel graphs the Black-Scholes implied volatility derived from each strike in 1991
for which call options were traded in the market against the implied volatility for the

corresponding no-premium base case options on the basis of the SNP simulations
of the index. Because each point is evaluated based on the index level at the time
of trade, the implied volatility lines are not necessarily smooth. The graphs for
calls in other years look similar and are not presented.

out-of-the-money calls. However, part of this “smirking” effect appears to
be endogenous and most likely results from an asymmetric volatility
effect similar to the “leverage” effect of Black (1976) and Christie (1982).
Thus, the existence of the implied volatility smirk is not solely due to risk
premiums in option prices. In the simulations, if the realization begins to
move away from the at-the-money level, the process begins to condition
upon larger price movements, thus increasing the expected variance for
the next week as a result of volatility clustering. However, this process is
asymmetric, as negative price movements increase the expected volatility
by a greater amount than do corresponding positive price movements.
Hence, for the realizations of the W-week process that produce value
for the out-of-the-money puts, a rise in the volatility of the series would
be expected. The same is true for in-the-money calls. However, because
the market does not seem to be as interested in selling deep out-of-the-
money calls as it is in buying deep out-of-the-money puts, this pattern
does not always fully materialize because high-enough strikes are not
always traded.

The second striking feature of the implied volatility graphs is that the

implied volatilities from the no-premium base case prices are consistently

1163



1164

Implied Volatility (%)

Implied Volatility (%)

Balyeat
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991 put-implied volatility. The four panels in this figure represent the four quarters
in 1991. Each panel graphs the Black—Scholes implied volatility derived from each
strike in 1991 for which put options were traded in the market against the implied
volatility for the corresponding no-premium base case options on the basis of the
SNP simulations of the index. Because each point is evaluated based on the index
level at the time of trade, the implied volatility lines are not necessarily smooth.
The graphs for puts in other years look similar and are not presented.

less than the market-implied volatilities. Jackwerth and Rubinstein
(1996) made a similar observation by comparing at-the-money implied
volatilities to the historical volatility of the S&P 500 index. In this article,
the results not only hold up across strikes but also against a forecast of the
underlying’s volatility. Yet, this is what would be expected if the option
market is applying risk premiums. This simply means that options are not
redundant assets. Thus, options are priced with additional source(s) of
risk relative to the corresponding underlying spot market. These addi-
tional risk sources could result from frictions in the markets, hedging
pressures, jump risks, or additional weight placement on the higher
moments of the underlying.

For both the puts and calls, the difference between the two implied
volatility measures generally decreases as the strikes approach the at-the-
money level. However, given risk premiums, this pattern of convergence is
expected. Options with strikes at or slightly above the money are the most
sensitive to changes in the volatility of the underlying and, hence, would
not demand as great a premium. For example, in the Black-Scholes
option-pricing model, the vega of an option (the first derivative of
the option price relative to the volatility of the underlying) decreases
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monotonically as it moves away from the at-the-money level, but it
decreases more quickly for strikes below the at-the-money level than for
strikes above that level. In Heston's (1993) stochastic volatility model, risk
premiums are proportional to the current variance of the underlying.
Thus, given that realizations of the underlying away from the at-the-
money level are more likely to have come from a distribution with a larger
variance, the Heston (1993) model would predict that away-from-the-
money options would have higher risk premiums than at-the-money
options. In addition, Heston’s (1993) model would predict that risk pre-
miums are not a function of the time to maturity of the option. What
Heston's (1993) model does not explain is why the implied volatilities for
the market and the no-premium base case continue to converge for strikes
slightly above the at-the-money level and only begin to diverge again for
strikes well above the at-the-money level. This is most likely the result of a
jump-risk premium for large negative realizations. A risk premium for
large negative realizations would imply that the difference in the two
implied volatility graphs should decrease as the strike price increases.

To assess the magnitude of this undervaluation for the entire sample
and to get a better understanding for the dynamics of the implied volatil-
ities, weekly series are derived for the market and no-premium base case-
implied volatilities. These series are then compared to the volatility that
is realized for the underlying over the remaining life of the option in
question. The market-implied volatility series is computed by averaging
the annualized implied volatilities of the at-the-money put and call that
expire at the end of the quarter in question. Hence, the first observation
is based on an option with 13 weeks to maturity, the second is with
12 weeks, and so forth. This pattern is continued until only 1 week
before maturity remains; then, the next contract is selected (usually with
13 weeks until maturity). To maintain consistency, the implied volatili-
ties for the no-premium base case are calculated in a similar manner.
The realized series is derived by annualizing the square root of the aver-
age daily squared returns that occur during the life of the contract. As a
result of Jensen’s Inequality, the Black—Scholes implied volatility will
understate the actual volatility implied by the SPD. However, as noted in
Feinstein (1989), the Black—Scholes formula is nearly linear in volatility
for at-the-money options. Thus, the bias due to the strict concavity of the
Black—Scholes function relative to volatility is of little concern in this
application. The resulting series are graphed in Figure 4. For clarity in
the graph, the lines are discontinuous at the points where volatilities on
the basis of results from one quarter end and a new quarter begins.
Table I contains descriptive statistics for the three implied volatility
series, excluding the transitions between quarters.
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S&P 500 Volatility Measures
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FIGURE 4
Volatility measures. The market-implied volatility series is computed by averaging the
annualized implied volatilities of the at-the-money put and call that expire at the end of
the quarter in question. Hence, the first observation is based on an option with 13 weeks
to maturity, the second is with 12 weceks, and so forth. This pattern is continued until
only I week before maturity remains; then, the next contract is selected (usually with
I3 weeks until maturity). To maintain consistency, the implied volatilities for the
no-premium base case are calculated in a similar manner. The realized series is
derived by annualizing the square root of the average daily squared returns
that occur during the life of the contract. For clarity in the graph, the lines
are discontinuous at the points where volatilities on the basis
of results from one quarter end and a new quarter begins.

Figure 4 and Table IT demonstrate that the market-implied volatility
generally exceeds the implied volatility from the no-premium base case,
which is in turn greater than the realized volatility. This relationship is as
expected. The no-premium base case-implied volatilities are condition-
ing upon the entire range of possible price movements, which naturally
includes the possibility of large price movements as dictated by the
dynamics of the SNP conditional pdf. Because these rare, large price
movements are not realized during most of the sample period, it is logi-
cal to expect that the volatility series from the estimated no-premium
base case will generally exceed the realized volatility. The market-implied
volatilities are even greater than the implied volatilities from the no-
premium base case because, not only are they allowing for the possibility
of a large movement as dictated by the historical dynamics of the
S&P 500 index, they are also applying risk premiums.

Likewise, the variance of the market-implied volatility series is
almost three times that of the no-premium base case series and is over
one and a half times larger than the variance from the realized estima-
tions. On the surface, this would appear to violate a variance bound, as
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TABLE Il
Descriptive Statistics on Implied Volatility Series

Market No Premium Realized
Levels
Mean 0.1505 0.1277 0.1131
Standard error 0.0026 0.0016 0.0021
Median 0.1459 0.1257 0.1106
Standard deviation 0.0413 0.0253 0.0329
Sample variance 0.0017 0.0006 0.0011
Kurtosis 1.6838 1.0907 0.4941
Skewness 1.1776 0.6938 0.7119
Range 0.2232 0.1446 0.1622
Minimum 0.0759 0.0694 0.0511
Maximum 0.2991 0.2140 0.2133
Sum 37.7771 32.0445 28.3804
Count 251 251 251
Correlations

Market 1
No premium 0.8031 1
Realized 0.6095 0.4835 1

Note. Summary statistics are presented for the three implied volatility series (excluding the transitions
between quarters) for the period of Mar. 17, 1989 until Dec. 31, 1993. The market series consists of the average
of the at-the-money put- and call-implied volatility from the market prices for the nearby S&P 500 index options
maturing on the June, September, December, and March cycle. The no-premium base case series is calculated
similarly using option prices (derived from the SNP simulations of the index) with the same time to maturity and
based on the same index level as the corresponding market prices. The realized series is calculated by annual-
izing the square root of the average daily squared returns that occur in the underlying during the life of the
contract. In addition, the correlations between each of the series are detailed.

the market variance is expected to be less than the realized variance.
However, if the market is applying risk premiums, this bound is no
longer necessarily violated. Also, there is probably a larger measurement
error when calculating implied volatilities as compared with realized
volatilities. The excess kurtosis of the market implied volatility series is
also considerably larger than that of the no-premium base case series,
which in turn is larger than the realized. This again would be expected,
as the density estimation of the index returns is conditioning upon the
recent history and includes the possibility of large price movements as
dictated by the dynamics of the underlying. Furthermore, the market is
doing the same thing and is applying risk premiums.

In addition to showing descriptive statistics for these three implied
volatility series, Table Il presents the pairwise correlations among the
three series. The volatility series from the market and no-premium base
case have a correlation of over 80%. This suggests that the market could
be using more information than just the history of the series. The potential

importance of this additional information for option-pricing applications
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is left for further research. The realized volatility series has a correlation of
60.95% with the market and 48.35% with the no-premium base case.
Hence, the market appears to do a better job predicting the volatility.
However, this is to be expected because the market is conditioning upon a
larger information set than the SNP estimations of the index returns.

Because the observations graphed in Figure 4 potentially exhibit
serial correlation, an analysis grouping the observations by time to matu-
rity is presented in Table I1I. Grouping the observations by maturity also
controls for any time to maturity effects in the data. For a given maturity,
each of the data points is from a different maturity date (for the market
series) or SNP specification (for the no-premium base case). Thus, the
data points for a given maturity level should not be correlated. For each
of the 13 weekly periods, the average realized volatility is less than the no-
premium base case-implied volatility, which in turn is less than the
market-implied volatility. At the 13-week horizon, the difference between
the market-implied volatility and the no-premium base case is a little over
20%. This difference remains relatively stable over the remaining 12
maturities. Table TIT also presents the ¢ tests for the null hypothesis that
the average difference between the respective series is zero. At an alpha
of 0.05 and a critical value of 1.645 for a one-tailed test, the market-
implied volatility is always significantly above the realized volatility from
the same period. The same is true for the market-implied volatility as
compared with the no-premium base case.

ECONOMIC SIGNIFICANCE OF
RISK PREMIUMS

Calculation Methodology

To determine the economic significance of risk premiums, first, the sim-
ple trading rule of buying the option if the no-premium base case price is
greater than the market price, and selling the option otherwise is imple-
mented. As noted by Whaley (1986), to ensure convergence, the options
are held to maturity and delta-hedged weekly. The positions are delta-
hedged so that the resulting profits are due to a difference in the option
values and not to fortuitous market moves.

To provide a more accurate hedge and to avoid calculating a dividend
position weekly, the position is hedged with the S&P 500 index futures. For
hedging purposes, it is assumed that the traditional Black—Scholes delta
hedge holds locally for each option. The simple Black—Scholes delta hedge
is chosen because, as noted in Dumas, Fleming, and Whaley (1996), it
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performes better as a simple hedge on the S&P 500 than all of the other
competing deterministic volatility models out of sample. In addition, the
positions are based on one unit of the underlying as opposed to a contract
size of 500, and mark-to-market effects for the futures are ignored.
Ait-Sahalia, Wang, and Yared (2001) adopted a similar option decision rule
on an unhedged portfolio.

It is important to examine which volatility is used to compute the
hedge ratio. The two choices are the implied volatility from market prices
or the implied volatility from the no-premium base case prices. Using the
implied volatility from market prices leads to two problems. First,
options of a given strike do not always trade from week to week, espe-
cially if there is a large move in the market. Thus, market prices are not
always available for these options across the quarter; hence, the implied
volatilities required to compute and update the hedging ratios would
have to be estimated. Second, and more importantly, as explained previ-
ously, the market prices do not provide the correct implied volatilities
even when the options do trade. The purpose of this trading rule exercise
is to capture the pricing differential between the market price and the
no-premium base case price. It is the no-premium base case option that
is being replicated in the futures market; thus, its implied volatility must
be used. Without the no-premium base case prices, it is impossible to
accurately hedge the market options.

Results from the Hedging Strategy

This hedging strategy is expected to make profit over the 20 quarters
because the realized volatility is almost always less than the volatility
implied by the dynamics of the index, which is usually less than the
volatility implied by market prices. Hence, the strategy frequently
involves writing delta-hedged options that are not exercised. This strategy
is similar to Fleming (1999) who used both delta-neutral hedged portfo-
lios and butterfly spreads to test for mispricing in the S&P 100 index
option market. For this sample, the decision rule only buys 27 of the
237 calls and 23 of the 297 puts. The options purchased under this
strategy are almost exclusively either deep in-the-money calls or deep
in-the-money puts. The purchase of these deep in-the-money options
does not necessarily signal a sign change in risk premiums, as the pricing
differences between the market prices and the no-premium base case
prices are frequently within an eighth and more likely represent a bid-ask
bounce phenomenon. In addition, these options are almost guaranteed to
finish in-the-money and, therefore, must be priced as the discounted
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value of their intrinsic value. Thus, they are not really candidates for the
examination of pricing effects of risk premiums. In either case, they have
deltas of near one and are always exercised; thus, they have a minimal
impact on the following analysis.

The results from the buy—sell decision rule are shown in the third
column of Table IV. The trading strategy makes money in 16 of the
20 quarters in question (and comes very close to breaking even in an addi-
tional quarter). In each of the 16 profitable quarters, the volatility real-
ized over the quarter is less than the volatility implied by market prices,
which in turn is greater than the volatility implied by the estimated

TABLE IV
Hedged Portfolio Profits

1987 Crash

Base Case 10% Crash (27.33%) 50% Crash
Date Total Profit Total Profit Total Profit Total Profit
1 89/03/17 33.59 —42.76 —B841.16 —2306.80
2 89/06/16 16.32 —106.63 —951.72 —2405.47
3 89/09/15 —120.26 —322.85 —1304.34 —2949.46
4 89/12/15 24.18 —58.56 —408.65 —852.02
5 90/03/16 -0.01 —-81.12 —872.89 —2262.25
6 90/06/22 -1.82 —39.67 —205.65 —480.89
7 90/09/21 104.94 —-90.17 —833.83 —1836.52
8 90/12/14 34.92 —36.55 —981.99 —2946.46
9 91/03/22 83.73 —179.97 —1451.64 —3445.87
10 91/06/21 26.05 —168.05 -1137.18 —2688.93
1 91/09/20 76.72 —166.87 -1145.31 —2713.74
12 91/12/20 20.36 —259.28 —1749.30 —4051.99
13 92/03/20 99.57 —159.38 —1296.40 —-2937.77
14 92/06/19 63.16 —225.41 —1475.71 —3337.58
15 92/09/18 57.86 —181.54 -1102.79 —2433.06
16 92/12/18 31.22 —291.06 —1903.64 —4270.88
17 93/03/19 58.23 —153.81 —1217.54 —2703.40
18 93/06/18 —13.78 63.49 —112.06 —493.84
19 93/09/17 68.11 —252.43 —1434.28 —3243.48
20 93/12117 42.98 -210.63 —1362.31 —3029.81

Average 35.30 -148.11 -1089.42 —2574.51

Note. The third column of the table illustrates the profit per quarter on the basis of the simple trading rule: buy
the option if the market price is below the no-premium base case price, and sell the option otherwise. As a result
of the presence of risk premiums in the option market, over 90% of the options are written. To ensure that the
resulting profit is truly due to a difference in the option values, the position is delta hedged (updated weekly)
using the volatility implied by the no-premium base case prices, and the options are held until maturity. The
remaining columns illustrate the profits (losses) from the same strategy conditional upon a crash of the indicated
magnitude occurring during the last week of the given quarter. The results for any given quarter are only condi-
tional on a crash occurring in the last week of that quarter and not upon crashes having occurred in previous
quarters. Given that the original option strategy involved writing options, this strategy naturally loses money
during quarters containing a simulated crash, with larger simulated crashes experiencing greater losses.
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dynamics of the index. Thus, the delta-neutral option-writing strategy is
profitable during these quarters.

For the third quarter of 1989 and the second quarter of 1990,
although the volatility implied by the estimated dynamics of the index is
less than the volatility implied by the market, the volatility realized in the
market is higher than the market’s prediction. Hence, the trading strategy
produces losses. For the second quarter of 1993, the situation is reversed.
Although the realized volatility is low, the estimated no-premium base
case prices imply a slightly greater volatility than the market prices.
Hence, the trading strategy also produces losses in this quarter. The first
quarter of 1990 is unusual because the relative implied volatilities
predict that the trading strategy should make money, but the result is a
slight loss.

As the third column in Table IV shows, the delta-hedged strategy is
profitable over the sample period. This does not necessarily indicate a
market inefficiency or arbitrage opportunity; rather, the average profit sim-
ply represents the return for bearing risk in this market. However, before it
can be concluded that this profit is economically significant, the profit
needs to be compared to the losses that would be incurred if crashes of
various magnitudes occurred during the quarters in question. To do this,
crashes of various magnitudes are simulated during the last week of each
quarter. The effect of each crash is independent of the other crashes. In
other words, the results for the loss incurred if a crash occurs in the third
quarter of 1992 conditions upon the actual history up to and until the
| 2th week of the quarter and not upon a crash already having occurred in
the second quarter of 1992. The rest of Table IV presents the losses
incurred for simulated crashes of 10, 27.33, and 50%, respectively, for the
20 quarters in the sample. The 10% drop is chosen to represent a market
correction; the 27.33% decrease represents the 1987 crash; and the 50%
drop represents a catastrophic event. As expected, as the crash severity
increases, the strategy loses ever-increasing sums.

To further interpret the economic significance of risk premiums, the
average loss that occurs as a result of a specific crash is divided by the
average profit received during the noncrash quarters (i.e., the base case).
The resulting quotient is simply the mean number of quarters that the
market would require between crashes of the given magnitude to break
even. This methodology is not intended to predict the exact dates when
crashes will occur, nor is it designed to test to see if specific crashes are
predicted by the market as in Bates (1991). Because the third quarter of
1989 experienced a market correction of over 7%, it cannot be classified
as a noncrash quarter. Therefore, the results that follow exclude the
results from the third quarter of 1989.
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TABLE V
Crash Survivability

87 Crash (27.33%) 50% Crash 10% Crash
Base Case - . T - —
Average  Average Years to Average Years to Average Years to
Profit Loss Break Even Loss Break Even Loss Break Even
43.49 -1078.11 6.20 —2554.78 14.69 —138.92 0.80
24.70 —733.84 7.43 -1888.10 19.11 —69.32 0.70
34.51 —723.59 5.24 -1881.53 13.63 -61.63 0.45
51.71 —1370.86 6.63 -3225.13 15.59 —193.54 0.94
62.95 —1444.64 5.74 —3244.82 12.89 -214.35 0.85
38.88 —1031.55 6.63 —2367.63 15.22 —138.34 0.89
30.30 ~727.98 6.01 —1884.34 15.55 ~64.92 0.54
51.18  —1282.35 6.26 —2945.86 14.39 ~182.08 0.89

This table compares the no-premium base case profits to the losses incurred during simulated crashes of various

magnitudes, as computed in Table IV. Assuming that the option market is efficient and is therefore a zero sum game, the
negative of the ratio of losses incurred during simulated crashes to profits gained in the no-premium base case is the aver-
age number of quarters between crashes of various magnitudes before the hedging strategy breaks even. Thus, if the
general dynamics of risk premiums continue with this pattern and a crash on the order of the 1987 crash does not occur
every 6.20 years, then the risk premiums are economically significant.

Table V summarizes the average quarterly profit from the hedging
strategy and the average quarterly loss that would occur if the respective
crash occurred in the last week of the quarter in question. Assuming that
the option market is efficient and is therefore a zero sum game, the nega-
tive of the ratio of losses incurred during simulated crashes to profits
gained in the base case is the average number of quarters between crashes
of various magnitudes before the hedging strategy breaks even. Thus, if
the general dynamics of risk premiums continue with this pattern and it is
reasonably assumed that a crash on the order of the 1987 crash does not
occur every 6.20 years, then the pricing effects of risk premiums are eco-
nomically significant. The degree of the economic significance depends
on the frequency at which large negative realizations are forecasted in the
physical measure for the underlying. The strategy also yields enough prof-
it to absorb a 10% crash once every 0.80 years or a 50% crash (which has
never been realized) once every 14.69 years. With the possible exception
of 1990, the results are amazingly consistent across time. The 1990
options are priced with higher risk premiums that probably resulted from
either increased fears because of the October 1989 market correction pre-
viously discussed or to Iraq’s invasion of Kuwait.

CONCLUSIONS

This article has examined existence, magnitude, properties, and economic
importance of risk premiums in the S&P 500 index option market. The
compensation for these risk premiums has been analyzed by examining
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the difference between the volatility implied by the market price for the
option and the volatility implied by the price of the option that would
result if these premiums are not priced. The no-premium base case option
prices are calculated from risk-neutralized simulations of the underlying.
Because these simulations do not include any option prices in the calcula-
tion methodology, they are by definition risk-neutral with respect to any
option-risk premiums. An interesting result is that the no-premium base
case option prices alone are able to replicate the pattern of the implied
volatility smile. Thus, the implied volatility smile is not solely due to
option-risk premiums. The results show that the S&P 500 index option
market is trading at a volatility level that is above both the realized and no-
premium base case volatility levels. The average pricing effect (in units of
Black—Scholes implied volatility) of risk premiums for 13-week, at-the-
money options over the no-premium base case is 20.9%. This result is rea-
sonably stable across maturities.

Delta-neutral portfolios are formed by selling (buying) the option
when the market price is above (below) the corresponding no-premium
base case price. With the exception of a few deep in-the-money options,
this strategy usually involves selling the options in question. These port-
folios are then hedged using the Black—Scholes delta at the volatility
implied by the no-premium base case level. This strategy consistently
produces profits above the break-even level. The economic significance
of these profits is measured by simulating crashes of varying magnitudes
during the quarters in question. The results confirm that the losses gen-
erated during the simulated crashes could be absorbed quickly (relative
to the historical frequency of the crashes) by the profits generated during
noncrash quarters. For example, profits generated under the strategy can
absorb the losses from a 10% crash, a 27.33% crash on the order of the
'87 crash, and a 50% crash once every 0.80, 6.20, and 14.69 years,
respectively.

The next step in the research is to begin to explicitly consider the
existence and characteristics of risk premiums when using options data to
compute or imply dynamics or prices both for the underlying and for other
options and when trying to develop theoretical option-pricing models.
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