EXTRACTING MARKET
VIEWS FROM THE PRICE OF
Opr1IONS ON FUTURES

GREGORY M. MARTINEZ

INTRODUCTION

The price of an option on a futures contract is often quoted in terms of
Black’s implied volatility. Use of this volatility in Black’s (1976) formula
results in the market option price. It is convenient quoting implied vol-
atility as opposed to price because it puts options at various strikes and
expiry dates on a common basis and encourages easier comparison of
value.

Implied volatilities are not usually the same across various strike
prices even for options with similar maturity dates. A matrix of implied
volatilities for each strike price and option term is required to reproduce
a set of market option prices. This is frequently referred to as a volatility
smile or skew because volatilities get higher as the strike moves away from
the at-the-money level both lower and higher. Supply and demand tends
to increase or decrease implied volatilities as the strike price moves away
from the at-the-money level. This is especially noticeable in markets dom-
inated by participants with similar positions and directional biases for the
underlying securities.

The volatility skews seen for options on the S&P 500 index futures,
for instance, probably reflect the fact that the majority of market partic-
ipants are investors who are naturally long the underlying. This pushes
up volatilities for puts, as there is similar demand for protection, and
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implied volatilities are pushed down for calls, as there is similar supply
by investors wishing to write covered calls against their holdings of the
underlying.

It is redundant to quote option prices by using volatility, because
each option requires an implied volatility. It would be more straightfor-
ward to just quote price rather than volatility. However, the widespread
use of implied volatility to quote option prices, rather than the prices
themselves, is a strong endorsement of Black's model at an intuitive level.
It suggests that option traders are more concerned with the volatility of
the underlying futures contract than on the absolute futures price level.

Black’s model, regardless of its appeal, is not an accurate model of
the evolution of a futures price in a risk-neutral world. It cannot repro-
duce market option prices without resorting to a matrix of implied vola-
tilities. If it were an accurate description of market behavior then only
one implied volatility would be required to price all options on a particular
futures contract.

The appeal of Black's model is derived largely from three features:

1. Options can be valued without consideration of investor’s risk pref-
erences (risk-neutral valuation).

2. The uncertainty in an option position can be hedged with the under-
lying futures.

3. The option valuation formula is easy to use, and the assumptions be-
hind the model are clear.

The model is founded on essentially the same premise as the Black—
Scholes (1973) model of a stock price. The variance rate of the return on
a futures position is constant. Black's stochastic differential equation gov-
erning the evolution of a futures price in a risk-neutral world is

dF = oF dz (1)

where F is the futures price, o is the volatility of the futures price, and z
is a one-dimensional Markov process with stationary transition probabil-
ity. o is used in the markets as the implied volatility. Equation (1) can be
solved with standard techniques. The price of a European call option is

¢ = e "T"Y[FN(d,) — KN(d,)]
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where ¢ is the price of a European call option on the underlying futures
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contract, K is the strike price, T is the time the option expires, t is the
current time, and r is the risk-free interest rate to the expiration of the
option. N(+) is the cumulative standard normal distribution. The implied
volatility is the value of ¢ used in Eq. (2) to reproduce an option price.

Proposed variations of the original Black—-Scholes model generally
fit market option prices better than the original model. However, none of
these seem to be widely used, possibly because additional sources of risk,
such as stochastic volatility and price jumps, are introduced. These pre-
vent hedging the option with the underlying. Hull (1997) and Rubinstein
(1985) give summaries of the main models.

Developing an option pricing model that is consistent with observed
implied volatility structures is of considerable interest. Recent research
progressing toward this goal has focused on building implied pricing trees
for equity options. The basic assumption common to implied tree models
is that the stochastic process followed by the stock price S in a risk-neutral
world is governed by

dS = rSdt + Sa(S, t) dz (3)

Equation (3) is closely related to the original Black—Scholes model except
that local volatility a(S, t) is no longer constant but depends on stock
price and time. This improvement has the advantage of retaining all the
desirable features of the original model, except the ease of calculating
option prices. However, this is a small cost for the improvement in ac-
curacy. No functional form is prescribed for local volatility in the implied
tree technique. Instead, special rules are developed for calculating the
probabilities of stock price movements in the tree from one time level to
the next. These are devised in such a way that the market price of options
can be reproduced with the tree used in an arbitrage-free fashion. Ac-
curate implied tree models are given by Dupire (1995), Derman and Kani
(1995), and Rubinstein (1995).

Implied tree models, though capable of accurately reproducing op-
tion prices, give little insight into the stochastic process controlling the
price evolution of the underlying asset. It is important to understand this
behavior, because the price of the underlying has a profound effect on
the value of options against it. The main objective of this article is to use
option prices to extract market views about the price of an underlying
futures contract. It is proposed that this can be accomplished by devel-
oping a stochastic price process whose transition probabilities can be
interpreted in terms of the collective perceptions of market participants
as to possible price movements of the underlying futures contract.
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This notion is related to the concept of risk-neutral valuation. In a
risk-neutral world actual asset returns are irrelevant for pricing options
on the asset. This research assumes that in a risk-neutral world the actual
process followed by the underlying futures contract is irrelevant for the
purpose of pricing options. Market participants do not know what the
actual stochastic process is and consequently their collective perceptions
of the process become important for valuing options. Without doubt op-
tions are priced based on where the market thinks the price of the un-
derlying can go during the term of the option.

This appears to be a departure from the usual approach taken when
building stochastic price models. The more usual approach is to focus
attention on the asset and attempt to identify factors that can influence
its price. It is proposed in this research that the perceived price process
determines option prices in a risk-neutral world, not the actual price
process.

Market views can be extracted from the price of options in the model
presented here because various market views are built into the model. If
the market has a view similar to one of the views built into the model,
then this fact can be extracted from the price of options using the model.
A key is to identify important market views, then to develop stochastic
processes that accurately reflect these views in the transition probabili-
ties. An obvious benefit besides being able to extract market views is the
ability to price and hedge options with a model that is consistent with the
market price of options.

The proposed model is founded on the simple idea that the market
prices options based on a view of the volatility of the underlying futures
contract, which is consistent with the research of Derman, Kani, and Zou
(1995). The market chooses a futures price at which it feels that price
volatility should be minimum. The value of the futures price at which
volatility is minimum corresponds to the technical level; the propensity
of the futures price to stick to this level once attained results in the
minimization of volatility. In addition to choosing the technical level, the
market is also allowed to express a view on the appropriateness of the
technical level. Market view strength can range anywhere from strong to
weak.

If at some time during the life of the futures contract the market
thinks that the current futures price is too high, for example, then it
would choose a technical level below the current price, indicating it
thinks the futures price will decrease. Alternatively, the market may think
the current futures price is too low, in which case it would choose a
technical level above the current price, indicating it thinks the futures
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price will increase. The market may also think that the current futures
price is approximately correct; that is, the current price is approximately
equal to the closing price at contract expiration, in which case it would
choose a technical level approximately equal to the current price.

Although the stochastic process developed does not necessarily re-
flect the true process followed by the futures price, it does reflect aspects
of what the market thinks is the true stochastic behavior of the futures
price.

The model allows the technical level and the strength of view to be
extracted from the price of options on futures. In addition to extracting
market views the model is capable of reproducing option prices with a
fair degree of accuracy. This is demonstrated with options on S&P 500
index futures, Yen futures and D-Mark futures.

The article will be of interest to researchers and traders. Researchers
will find a promising new direction in efforts to understand the stochastic
behavior of futures prices. Traders can benefit immediately by applying
the model to options on futures to extract the market’s collective percep-
tions of not only volatility but also the technical level of the futures price
and the strength of the view on the technical level.

THE MODEL

A stochastic model in the Black—Scholes framework is developed founded
on the idea that the market prices options on futures based on a view of
the volatility of the underlying futures contract. Market participants buy
and sell options and hedge their exposures with the underlying contract.
For this reason it is important for them to estimate possible movements
in the futures price, because these generally have the largest effect on
the value of option positions.

Futures price variability is measured by its volatility. Trading options
is often referred to as trading volatility. Therefore, it is reasonable to as-
sume that market participants express their views about the futures price
through option prices. Three important views that can be held by the
market about the current futures price and are captured in the proposed
stochastic price process are as follows. First, in an upward trending mar-
ket, the current futures price may be different from the price at contract
expiration, but there is definitely an upper limit on the price, and the final
price will most probably fall between the current price and the upper
price limit.

Second, in a downward trending market the current futures price
may be different from the price at expiration, but there is definitely a
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lower limit on the price, and the final price will most probably fall between
the current price and the lower price limit. Finally, in a low volatility
market, the current futures price is probably close to the price anticipated
at contract expiration.

The simplest stochastic price model that captures the desired market
views is

1 F\?
dF—B4K+(l—M)Pz (4)

where M is the technical level of the futures price, which, in the extremes,
can be a lower price limit, an upper price limit, or the appropriate futures
price. A is the strength of the market's view on the appropriateness of the
technical level, and B is the volatility parameter, which indicates the pro-
pensity of the futures price to move away from the technical level.

Consider the behavior of the market view (MV) model given in eq.
(4) when the view is very strong, that is, when A approaches infinity and
1/A approaches zero. In the strong view limit eq. (4) becomes

F

dF=B%I—MT¢ (5)

Equation (5) has two special points, one at F = 0 and one at F = M. At
both points the change in futures price is zero. If the futures price could
equal either 0 or M then it would remain so forever. However, the futures
price could never equal these values because if F is between 0 and M
then it will always remain in this range; in this case M is an upper limit
on F. Likewise, if F is greater than M then it will always be greater than
M; in this case M is a lower limit on F. In contrast Black’s model has F
= 0 as the lower limit on the futures price with no reference to a limit
relative to the current futures price.

The upper and lower limit effects are illustrated in Figures 1 and 2.
Figure 1 shows futures contract price distributions at option expiration.
Distributions are calculated from the prices of European options. Option
prices are calculated with the finite-difference scheme given in the Ap-
pendix. Probabilities are calculated to be consistent with the MV model
using eq. (9). The distributions in Figure 1 correspond to the parameter
set, F = 60, T = 02,r = 0.05,B = 10,M = 70, and A = 50, 100
and 200. There is nothing special about the parameter set; many alter-
native sets exhibit similar behavior. Here the technical level is well above
the futures price and it acts like an upper limit. This is clearly seen as
the market view strengthens. At the lowest market confidence, A = 50,
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FIGURE 1
Terminal futures price distributions calculated from the price of European call options.
The effect of increasing market confidence at constant technical level and volatility
parameter is demonstrated. (M > F upward-trending market.)
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FIGURE 2
Terminal futures price distributions calculated from the price of European call options.
The effect of increasing market confidence at constant technical level and volatility
parameter is demonstrated. (M < F downward-trending market.)
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there is a 15% chance of the terminal futures price being above the tech-
nical level, a 33% chance of it being less than the current price, and a
52% chance that it will be between the current price and the technical
level. At A = 100 the chance of being above the level is less than 2%,
the chance of being below the current price has decreased slightly to 32%,
and the chance of a final price being between the current price and the
technical level has increased to 66%. At the highest market confidence,
A = 200, there is virtually no chance that the terminal futures price will
be above the level, the chance of it being below the current price has
dropped slightly to 31%, and the chance of it ending between the current
price and the technical level has increased to 69%. It is evident, in this
example, that the market feels that the appropriate range for the futures
price is between the current price and the technical level.

Increasing the strength of the market view causes the technical level
to act like an upper limit. It also increases the probability that the terminal
futures price will be between the current futures price and the technical
level. At the same time the probability of a terminal price lower than the
current price remains approximately constant and less than the proba-
bility of being between the current price and the technical level. The
market holds the view that the futures price at option expiration is most
probably going to be between the current price and the technical level.

Figure 2 illustrates the case when the futures price is above the
technical level. The behavior is similar to that seen in Figure 1, except
now the technical level acts as a lower limit on the price. Increasing the
strength of the view again increases the probability that the terminal fu-
tures price will be between the current price and the technical level. The
parameters are F = 55, T = 0.1,r = 0.05,B = 10,M = 50,and A =
20, 50, and 100. The relationships presented in Figure 2 are typical of
many parameter sets.

When the technical level is close to or equal to the current futures
price an increase in the strength of the market's view increases the prob-
ability that the current price is the correct terminal futures price. This
behavior is illustrated in Figure 3. In this case the current price is equal
to the technical level. The model parameters are F = 50, T = 0.2, r =
0.05,B = 10, M = 50, and A = 25, 50, and 100; again, there is nothing
special about the parameters. At the lowest confidence level, A = 25,
there is only a 26% chance that the futures price at expiration will be
between 48 and 52. At A = 50 this increases to 41% and at A = 100
there is a 66% chance that the terminal price will be between 48 and 52.

This behavior allows A to be interpreted as the strength of the mar-
ket’s view about the appropriateness of the current futures price. The
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FIGURE 3
Terminal futures price distributions calculated from the price of European call options.
The effect of increasing market confidence at constant technical level and volatility
parameter is demonstrated. (M = F low-volatility market.)

chances of the terminal price falling within a specified range increases as
A increases; the market is confident about where it thinks the futures
price can go during the life of the option.

The image evoked by the proposed model is a partition of the range
of possible futures prices into two regions. The first region is between 0
and M and the second region is between M and infinity. Price movements
from one region to the other are difficult because of the minimum in
local volatility at the technical level. When the futures price breaks
through the technical level in either direction volatility increases.

When F equals M eq. (4) becomes

B
dF—A—Fd‘_ (6)

According to the MV model the propensity of the futures price to move
away from the technical level is determined by the magnitude of the vol-
atility parameter, B, for a given confidence level, A. It is easier for F to
move away from M as B increases.

The MV local volatility can be approximately related to Black’s im-
plied volatility by generating option prices with the use of the MV model
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FIGURE 4
Volatility versus strike price. Black's implied volatility for call option prices generated
with the MV model [eq. (7)] for the parameters in the inset.

and calculating the implied Black model volatility required to reproduce
these prices. The local volatility function (F) in the MV model is

1 F\?
a(F) = B[Z + (1 - M) ] (7)

This can be written in terms of strike price instead of futures price by
resorting to the Fokker—Plank forward form of the partial differential
equation governing the value of a call option on the futures. The forward
equation can be derived with the use of the same procedure outlined
by Derman and Kani (1995) for stock options. When this is done the re-
sult is

de 1 ¥e

o _ 1 22 9C
3T~ 2 a(K)°K K2 re (8)

In Black's model a(K) is constant. Black implied volatility for option
prices generated with the MV model is related to (K). Figure 4 is a plot
of Black implied volatility and o(K) against strike price for the parameter
set, F = 670, T = 25/365,r = 0.05, B = 25, M = 680, and A = 200.
The parameters are similar to those found in the S&P data. It is worth
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noticing that the local volatility minimum, defined as the technical level
in the MV model, is close to the minimum Black implied volatility. The
MV model technical level is 680, whereas the minimum Black implied
volatility is 686. This example is not special; all parameter sets examined
exhibited similar behavior. Therefore, the minimum Black implied vola-
tility is approximately equal to the MV model technical level. This is es-
pecially true when the technical level is very close to the current futures
price. It is only a crude approximation to say that the technical level is
equal to the minimum implied Black volatility; nonetheless it allows im-
portant information to be taken directly from the volatility smile. It is easy
to see if the technical level is above, below, or close to the current futures
price. This bit of information gives a first crude picture of how the market
views the current futures price; that is, the current price is either too
high, too low, or just about right.

The probability density of the futures price at option expiration is
obtained from the derivative of option price at expiration with respect to
option maturity assuming European exercise. Denote by C the value of a
European call option at T. The probability, p(K, T; F, t), that the futures
price is equal to K at T starting from F at t is given by

24C/T
K2B?[1/A + (1 — K/M)?)?

p(K, T; F, t) = (9)

Terminal price distributions are generated with eq. (9). Equation (9) is
obtained from eq. (8) with the use of the well-known equation for prob-
ability; that is,

2
(- 9°€C

p(K, T; F, t) = e e

(10)

Equation (9) generates smoother probability distributions than does eq.
(10) because of the noise introduced by the numerical solutions.

MARKET APPLICATION

The MV model is tested with call options on S&P 500 index futures.
These are liquid instruments traded on the Chicago Mercantile Ex-
change. The options examined are against the September 1996 futures
contract. The size of one futures contract is $500 multiplied by the index
level, where each index point is worth $500. The minimum move in the
futures price is 0.05 and this is worth $25. The contract first traded on
September 18, 1995, the last trade date was September 19, 1996, and
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FIGURE 5
Spot price trends for the three futures contracts examined. The symbols represent the
ratio of weekly closing spot price divided by the closing spot price on September 22,
1995, for the 52 weeks prior to the expiration of the September 1996 futures contracts.

the contract valuation date was September 20, 1996. Call options are
written on one futures contract. The first trade for the call option was
July 24, 1995, and the last trade date and expiration was September 19,
1996. These are American-style options. The open interest on the futures
contract was steady at about 150,000 contracts between the end of June
1996 and the beginning of September 1996. Open interest dropped off
significantly outside of these dates. The daily closing prices, available on
Bloomberg, of call options at all strike prices from June 26, 1996 to
September 16, 1996 are used to test the model. The data are reproduced
in Table I1I of the Appendix.

At the expiration of a futures contract the spot and futures prices
usually converge. Therefore, it is useful to follow the trend in the spot
market to get a sense of where the futures price may be at expiration
because of the convergence of the two prices. The S&P 500 spot index
is an example of an upward-trending market. The MV model predicts that
in this type of market the technical level will be above the current futures
price. Application of the MV model in the S&P 500 futures market is
therefore a good first test of its validity. Figure 5 shows the upward trend
in the spot index for the 52 weeks prior to expiration of the September
1996 futures contract. The symbols represent the weekly closing values
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of the index divided by the index value on September 22, 1995. Figure 5
also shows the comparable data for the spot values of the German Mark
and Japanese Yen. Both of these are downward trending, and will be used
to illustrate application in downward trending markets. In downward
trending markets the MV model predicts that the technical level will be
below the current futures price.

Closing prices are used because these are easy to obtain and are
sufficient to demonstrate the usefulness of the model. The risk-free in-
terest rate is held constant at 5.2% for convenience, because the analysis
is not very sensitive to the actual rate and because the actual risk-free
rate was approximately 5.2% over this period.

The values of the technical level, strength of view, and volatility pa-
rameter are determined by minimizing the squared percentage error be-
tween the closing prices of the options and the values calculated with the
MV model. Estimates of the MV model parameters are calculated for 56
sets of closing prices. The percentage pricing errors at all strikes are
treated equally, even though the contribution from deep out-of-the-
money options could be overwhelming. It is sometimes necessary to re-
move one or more of these options from the data when there is an obvious
problem with the price. A typical example is when options at consecutive
strikes have the same price. Another example is when an option is mis-
priced by one tick, which is the minimum price move of 0.05 index points.
A one-tick move can easily represent a greater than 20% price change for
some of these options.

Options are assumed to be European-style exercise because this al-
lows much faster calculation than by assuming American-style exercise.
Assuming European exercise to fit the model is not unreasonable, because
since out-of-the-money options make the largest contribution to the pric-
ing error and the prices of these options do not depend strongly on the
exercise style. Most of the options used to fit the model are out of the
money; even when American-style exercise is assumed it does not improve
the fit significantly, except for deep-in-the-money options. Performing a
least-squares fit assuming American exercise does improve the overall fit,
but does not result in estimated parameters that are very different from
those obtained assuming European exercise.

American option prices are calculated by first rewriting the governing
partial differential equation in linear complementarity form, discretizing
with the use of a finite difference scheme, and then solving the algebraic
equations with the use of a projected successive over relaxation algorithm.
Wilmott, Dewynne, and Howison (1995) outline numerical procedures
for solving the governing differential equation assuming American exer-
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TABLE I

August 2, 1996 Closing Prices of Call Options on the September 1996 S&P

500 Index Futures. The Euro and Amer Columns are the Calculated Prices of

European and American Options Using the Same Parameters Set. MV Model
Parameters Are Given in Table II.

Strike Market Euro Amer | Strike Market Euro Amer
510 156.35 155.70 156.45| 655 20.95 20.92 20.95
530 136.35 135.98 136.57| 660 17.60 17.59 17.61
550 116.45 116.32 116.78| 665 14.55 14.53 14.54
580 87.15 87.10 87.38| 670 11.70 11.77 11.78
600 68.00 67.97 68.16| 675 9.30 9.33 9.33
610 58.60 58.62 58.76 | 680 7.25 7.23 7.24
620 4950 49.48 4958 | 685 550 5.48 5.48
625 45,05 45.01 45.11| 690 4.056 4.04 4.05
630 40.75 40.65 40.72| 695 2.90 291 291
635 36.50 36.39 36.45| 700 2.05 2.05 2.05
640 32.25 32.26 32.31| 705 1.45 1.41 1.4
645 28.30 28.29 28.33( 710 1.00 0.96 0.96
650 2450 2450 2453 715 0.70 0.64 0.64

cise. The prices of American options given in Table I are calculated with
the use of their procedures.

Table I contains the August 2, 1996 closing prices for call options
at various strike prices and the corresponding MV model prices of Eu-
ropean and American options. The model parameters are given in Table
II. The same parameters were used to calculate the prices of both Ameri-
can and European options. The closing futures price for the data in Table
I'is 666.35 index points, and the time to maturity is 48 days. The resulting
American-style option prices are approximately 0.2% higher than the Eu-
ropean-style option prices at strikes greater than 650 index points and
approximately 0.5% higher at strikes less than this. American option
prices, for the options studied, are not much more expensive than the
comparable European options. Therefore, the error introduced by assum-
ing European exercise is probably small.

Not all option sets exhibit clear minimums in the implied volatility
plots. The volatility smile is most pronounced close to contract expiration
and flattens out further away from expiration. The steepening of the smile
toward expiration is illustrated in Figure 6, which is a plot of the implied
volatility ratio versus strike price ratio. The Black implied volatility ratio
is calculated by dividing the implied volatility by the at-the-money vola-
tility. The strike price ratio is calculated by dividing the strike price by the
at-the-money strike price. Data for four dates are shown: July 8, August
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TABLE Il

Futures Price, F, Days to Expiration, T, and MV Model Parameters for the S&P
500 Index Futures Data

Date L

F B

M A

Date T

3 B

A

26-Jun-96 85
27-Jun-96 84
28-Jun-96 83
1-Jul-96 80
2-Jul-96 79
3-Jul-96 78
5-Jul-96 76
8-Jul-96' 73
9-Jul-96| 72
10-Jul-96| 71

11-Jul-96| 70

12-Jul-96 69
15-Jul-96' 66
16-Jul-96 65
17-Jul-96 64
18-Jul-96 63
19-Jul-96 62
22-Jul-96 59
23-Jul-96 58
24-Jul-96 57
25-Jul-96 56
26-Jul-96 55
29-Jul-96 52
30—Ju|-96‘51
31-Jul-96 ' 50
2-Aug-€5 48
5-Aug-96 45
6-Aug-96 44

668.65 3.368
673.05 3.241
676.80 4.021
680.80 4.530
678.80 6.623
676.10 6.431
661.10 4.617
656.30 5.486
659.15 5.619
661.70 6.366
648.35 6.312
648.05 6.026
630.25 8.022
632.10 8.118
637.80 6.729
647.45 6.767
642.00 6.350
637.55 5.865
628.15 6.727
630.70 5.249
635.20 5.158
639.35/8.165
631.00 8.442
637.70 10.25
642.40 7.169
666.35 10.35
661.70 11.07
664.25 9.113

786.94 52.488
791.78 55.190
767.70 56.783
751.36 52.686
725.43 66.685
724.82 63.175
735.79 48.717
722.15|54.585
722.29|56.586
713.50 61.535
713.40 50.881
705.60 55.770
676.33 60.605
675.90 60.903
686.67 52.541
703.84 64.391
699.63 57.014
703.93 51.086
691.65 54.738
717.55 49.892
717.52 50.733
691.06 73.577
687.76 72.063
688.77 87.575
711.08 72.812
706.32 96.179
700.29 97.278
711.20 84.950

7-Aug-96 43
8-Aug-96 42
9-Aug-96 41
12-Aug-96 38
13-Aug-96 37
14-Aug-96 36
15-Aug-96 35
16-Aug-96 34
19-Aug-96 31
20-Aug-96 30
21-Aug-96 29
22-Aug-96 28
23-Aug-96 27

26-Aug-96 24
27-Aug-96 23/

28-Aug-96 22
29-Aug-96 21
30-Aug-96 20
3-Sep-96 16
4-Sep-96 15
5-Sep-96 14
6-Sep-96 13
9-Sep-96 10
10-Sep-96 9
11-Sep-96 8
12-Sep-96 7
13-Sep-96 6
16-Sep-96 3

666.20 6.102
666.20 8.899
662.45 11.37
667.75 11.43
' 661.80 9.008
663.60 10.31
663.60 13.96
668.10 18.76
668.20 13.73
667.95 21.64
666.00 20.37
671.85 22.52
668.80 17.57
664.20 26.04
666.70 26.38
665.70 25.66
657.15 21.93
651.35 22.72
655.85 35.05
656.60 31.87
649.00 36.25
658.25 43.22
665.05 52.17
665.10 56.76
667.00 64.78
672.15 72.22
682.85 125.1
684.70 218.8

———

737.00
715.26
705.04
708.15
709.81
705.09
699.53
692.92
700.50
689.69
688.85
690.89
695.31
684.02

684.92

684.93
683.50
677.83
673.45
676.14
670.32
671.22
676.14
676.43
677.30

681.62

687.42
688.58

70.027
90.535
110.91
116.95
88.569
99.851
144.18
182.08
134.67
206.65
204.11
222.19
182.66
233.84
242.26
238.15
211.50
200.82
265.43
240.10
256.39
3565.41
430.44
481.09
576.90
651.50
1237.3
1821.8

15, August 27, and September 10. The smile does not become clear until
early August, when a minimum is first measurable.

Figure 7 is a plot of pricing bias versus strike price for the August
27 data. The solid symbols represent the difference between the market
price and Black’s price expressed as a percentage of the market price.
Black’s price is calculated with the use of the at-the-money implied vol-
atility. If the Black model price is greater than the market price, for ex-
ample, then this pricing bias is negative. The curve represents the differ-
ence between the model price and Black’s price expressed as a percentage
of the model price. Again, if the Black price is greater than the model
price, then this pricing bias is negative. If the MV model captures all of
the Black model pricing bias then the curve will pass through all symbols.
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FIGURE 6
Black implied volatility ratio versus strike price ratio for call options on the September
1996 S&P 500 index futures contract, The ratios are calculated by dividing by the at-
the-money values.
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FIGURE 7
Pricing bias versus strike price for the August 27, 1996 closing prices of call options on
the September 1996 S&P 500 index futures contract. The symbols represent market
data and the curve represents MV model values.
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FIGURE 8
Terminal futures price distribution based on the August 27, 1996 closing prices of call
options on the September 1996 S&P 500 index futures contract. Black's distribution is
calculated with the use of the at-the-money implied volatility.

Because the model most probably does not capture the market’s view
exactly, and because there is noise in the market data, there is some
mismatch between the market prices and the MV model prices. However,
the model fits the data reasonably well. The same quality fit is typical of
all the S&P data sets examined. If some of the deep out-of-the-money
options are excluded from the least-squares calculation, then the result-
ing fit is greatly improved and in some cases nearly exact.

Futures price probability distributions at option expiration are shown
in Figure 8 for the August 27 data, for the MV and Black models. Both
distributions are calculated assuming European-style exercise. The dis-
tribution associated with the Black model is calculated with the use of
the at-the-money implied volatility. It is lognormal and skewed to the
right, whereas the actual distribution, calculated with the MV model, is
skewed to the left. All calculated actual distributions for the S&P data
are left skewed. The MV model distributions are used as a check of the
numerical procedures by calculating the area under the curve and the
average futures price. The areas are all between 0.99 and 1.02, and the
means are within 0.05 of the futures price.

Figure 9 shows the technical level, M, calculated with the use of the
MV model, and futures price plotted against days to option expiration for
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FIGURE 9
Calculated technical level, M, and closing futures price for the September 1996
S&P 500 index futures contract versus days to expiration between June 26 and
September 16, 1996,
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FIGURE 10
Strength of market view A versus days to expiration for the September 1996
S&P 500 index futures contract versus days to expiration between June 26 and
September 16, 1996.
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FIGURE 11
Volatility parameter B versus days to expiration for the September 1996 S&P 500 index
futures contract versus days to expiration between June 26 and September 16, 1996.

all 56 S&P 500 data sets. As anticipated, the technical level and futures
price converge as the expiration of the option gets closer. Figure 10 is a
plot of the strength of market view, A, versus days to expiration. The trend
indicates a steady increase in market confidence about the appropriate-
ness of the technical level as the days to expiration decrease. Figure 11
shows the volatility parameter plotted against days to expiration. The vol-
atility parameter increases as the days to expiration decrease, which is
consistent with market folklore about accelerating information flow to
the market as the expiration of the underlying futures contract draws
closer.

Figure 9—11 create a picture of how market makers and market par-
ticipants viewed the futures price of the S&P 500 index during this pe-
riod. Far away from expiration, the market’s confidence about the appro-
priateness of the futures price, as measured by A, is low and the market
places an upper limit on the price. The technical level, M, behaves like
an upper limit. This view gradually changes toward expiration; close to
expiration the market's confidence, A, about the appropriateness of the
futures price increases and the futures price is more readily accepted as
being appropriate relative to the closing price of the futures at contract
expiration. This causes the technical level and futures price to converge
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FIGURE 12
Daily change in variance versus daily change in futures price for the September 1996

S&P 500 index futures versus days to expiration between June 26
and September 16, 1996.

as expiration approaches. The terminal probability distributions measured
far from expiration are similar to the ones in Figure 1, in which there is
a definite upper limit. Toward expiration the distributions are closer to
the ones in Figure 3, in which the technical level is equal to the current
futures price.

Figure 12 shows the daily change in variance of the terminal futures
price distribution versus the daily change in futures price. Daily variance
change is calculated with the use of variances from successive closing
prices. In Table I1, for example, closing prices are available on July 8 and
9, 1996. On each date the variance of the terminal distribution is cal-
culated. Variance change values are calculated as the difference in vari-
ances from successive data sets. In this example the variances on the
successive dates are 2,154 and 2,037, respectively. The corresponding
futures prices are 656.3 and 659.15, respectively. Consequently, there is
a data point (2.85, —117) in Figure 12. The results in Figure 12 indicate
that when the futures price decreases, the variance increases and vice
versa. When variance changes are calculated with the use of data from
any two random days, for example, July 8 and September 12, the negative
relationship seen in Figure 12 is not as strong.
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FIGURE 13
Call option delta versus strike price for the August 27, 1996 closing prices of call
options on the September 1996 S&P 500 index futures contract. Black’s delta is
calculated with the use of the correct implied volatility at all strikes.

Black’s model predicts the opposite effect because of the right skew-
ness of the lognormal terminal distribution. The implication is that
Black’s model requires a larger delta hedge than as indicated by the mar-
ket. Figure 13 is a plot of call delta versus strike price for the August 27
data. Black’s delta is calculated with the use of the implied volatility for
the option price associated with each strike. Black deltas are approxi-
mately 10% larger than MV model deltas.

The expected local volatility, a(F), of the futures price at expiration
of the option obtained from eq. (7) is

B
Ela(F)] = a¢ + WV[F] (11)

where E[-] is the expectation operator, g, is the value of the local volatility
when the current futures price is used in eq. (7), and V|| is the variance
operator. Figure 14 is a plot of expected terminal local volatility versus
days to expiration. The symbols represent calculated values and the hor-
izontal line is the average of all expected values. Expected local volatility
does not increase toward expiration; instead, it appears to be mean re-
verting around 17%.
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FIGURE 14
Expected terminal local volatility versus days to expiration for the September 1996
S&P 500 index futures contract versus days to expiration between June 26 and
September 16, 1996.
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FIGURE 15
Black’s at-the-money implied volatility versus MV model local volatility [eq. (7)]
for the September 1996 S&P 500 index futures contract between June 26 and
September 16, 1996.
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FIGURE 16
Black’s implied volatility versus strike price for the August 6, 1996 closing prices of call
options on the September 1996 Yen futures contract.

Figure 15 is a plot of Black’s at-the-money implied volatility versus
MV model local volatility a(F) for all the S&P data sets. If these values
were equal, then the data points would fall along the 45° line. The Black
implied volatility is consistently larger than MV model local volatility by
approximately 5%. It is an interesting relationship that is useful in fitting
the model to market data.

Figures 16—18 show the results of applying the model to the August
6, 1996 closing prices of call options on the September 1996 Yen futures
contract. There is nothing special about the data; the data is chosen at
random. The price of the futures contract converges to the spot price of
the Japanese Yen at the expiration of the futures contract. The data an-
alyzed in this example are taken from a downward trending market. The
MV model predicts, as shown below, that the technical level should be
below the current futures price. Figure 5 shows the downward trend in
the Yen spot market for the 52 weeks prior to the expiration of the Sep-
tember 1996 futures contract. The symbols represent the ratio of weekly
closing prices to the spot closing price on September 22, 1995.

Figure 16 is a plot of implied volatility versus strike price. The futures
price is 94.14¢/100 Yen, and minimum volatility is at approximately
92.8¢/100 Yen. The model parameters are F = 94.14, T = 29 days, r =
0.051, B = 2744, A = 342.8, and M = 92.77. The technical level
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FIGURE 17
Terminal futures price distribution based on the August 6, 1996 closing prices of call
options on the September 1996 Yen futures contract. Black's distribution is calculated
with the use of the at-the-money implied volatility.
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FIGURE 18
Pricing bias versus strike price for the August 6, 1996 closing prices of call options on
the September 1996 Yen futures contract. The symbols represent market data and the
curve represents MV model values.
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FIGURE 19
Black's implied volatility versus strike price for the July 18, 1996 closing prices of call
options on the September 1996 D-Mark futures contract.

coincides with the minimum Black implied volatility. The technical level
is below the futures price, which causes the MV model terminal futures
price distribution to be slightly right skewed, as seen in Figure 17. Black’s
terminal distribution with the use of the at-the-money volatility is also
shown. Pricing bias is shown in Figure 18. The bias is opposite to the
S&P bias, because of the downward-trending market.

The last application is to the July 18, 1996 closing prices of call
options on the September 1996 D-Mark futures contract. The price of
the futures contract converges to the spot price of the German mark at
the expiration of the futures contract. The German mark is also an ex-
ample of a downward-trending market. The model predicts, as shown
below, that the technical level should be below the current futures price.
The D-mark spot price for the 52 weeks prior to the expiration of the
September 1996 futures contract is shown in Figure 5. The symbols rep-
resent the ratio of weekly closing spot prices to the closing price on Sep-
tember 22, 1995.

The results are shown in Figures 19-21. Figure 19 is the implied
volatility plot. The minimum occurs at 66.8¢/DM, which again coincides
with the technical level. The level is also closer to the current futures
price than in the Yen example, so the terminal distribution is closer to
the ones shown in Figure 3, as shown in Figure 20. It is reasonably sym-



Martinez

0.

0.1
2
(2]
c
(]
-

> o
=
2]
L
(=]
1
a

0.0

2

5}

1F

5 }

0 n

56 60 66 70 756 80

futures price (US cents / DM )

FIGURE 20

Terminal futures price distribution based on the July 18, 1996 closing prices of call
options on the September 1996 D-Mark futures contract. Black's distribution is
calculated with the use of the at-the-money implied volatility.
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Pricing bias versus strike price for the July 18, 1996 closing prices of call options on
the September 1996 D-Mark futures contract. The symbols represent market data and
the curve represents MV model values.
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metric. Pricing bias is shown in Figure 21, and it is opposite to that seen
in the S&P data. Again, the model fits the data reasonably well. The
calculated MV model parameters are F = 67.29, T = 61 days, r = 0.055,
B =12.49,A = 100.7, and M = 66.8.

The initial results of applying the market view model to market data
are certainly encouraging. More testing is required to further establish
the validity of the proposed method and model. Options on S&P 500
index futures should be used for further testing. This could involve simply
repeating the initial tests with the use of option data from a different
contract expiration date.

The limited results obtained with the currency options indicate that
the model may also apply to these markets. The results are consistent
with the MV model in the sense that both markets were downward trend-
ing, and the model predicts that the technical level should be below the
current futures price, and this is found. The results are also consistent
in the sense that option prices are reproduced with reasonable fidelity.

CONCLUSIONS

A stochastic model for the evolution of a futures price can be used to
extract useful information from the price of options on futures contracts.
Because market makers price options based on a view of the volatility of
the underlying futures contract, it is possible to extract useful information
about this view with a stochastic model. The stochastic model must be
based on a set of possible variations of the futures price as collectively
perceived by market participants. The actual futures price may not follow
the proposed stochastic process, but this does not matter. What does
matter is the fact that the market believes the futures price should follow
the assumed stochastic process and, therefore, prices options according
to this belief. The results show that information extracted about market
participants’ views on the S&P 500, USD/¥, USD/DM futures prices is
consistent with the market view model.

The method used to develop the market-view model, and the model
itself should be of interest to researchers and traders. Researchers can
use the approach outlined here to develop new stochastic processes based
on interpreting transition probabilities in terms of how market makers
view possible price movements of the underlying asset. This is a signifi-
cant departure from the previous approach of modeling the actual sto-
chastic behavior of the underlying asset. It is also easier to develop models
this way because opinions can be elicited directly from market makers,
whereas it is very difficult to uncover the factors controlling the actual
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stochastic process followed by the futures. The method should also apply
to other assets.

Traders can benefit immediately by applying the market-view model
to options on S&P 500 index futures to extract the market's collective
perceptions of not only volatility but also the technical level of the un-
derlying futures contract and the strength of the market's view about the
appropriateness of the technical level. They can also use the market-view
model to price and hedge a variety of path-dependent options with con-
fidence because the market-view model can reproduce option prices with
a fair degree of accuracy.

APPENDIX

Finite-Difference Approximation

The essential approximations used to numerically solve the governing
partial differential equation are outlined below. The difference scheme is
not robust; certain parameter sets give invalid results. Solutions should
be checked by calculating the area under the probability density curve
and also by calculating the expected futures price. If the results of these
tests are not as expected, then the difference scheme has failed. One case
known to cause problems is that when the current futures price is much
larger than the technical level. Distributions in cases where the futures
price is much greater than the technical level, that is, when the market
feels that the current futures price is much too high, are often bimodal.
However, calculated results always failed the probability distribution
tests, sometimes terribly and sometimes just a little. A better numerical
procedure must be developed to handle a wider range of parameters.

The method used to derive the differential equation is well estab-
lished; see, for example Hull (1997). The governing equation is

o . > N , f _
: F (VA + (1 = FIMPP 255 = of (A.1)

The equation is in backward form. It can be written in forward form by
using the transformation © = T — t. When this is done the differential
equation becomes

of  B? 2 2f

= —F[1/A + (1 — F/IM)?]

i 2 - il

The initial condition for a call is
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call price = Max(F — K, 0), @ =0 (A.3)

A modified Crank—Nicolson scheme is used to discretize the differential
equation. A uniform grid is used with time given by j At and futures price
given by i AF. The approximation is centered at grid point i AF (j + %)
At. The time derivative is approximated with the forward difference as

o§ - g

= A4
dt At (A4)

An averaged central difference is used for the first price derivative:
j_ 1 f’i:: fJ+I s I+1 - J —1 (AS)

oF 2 2 AF 2 AF

An averaged central difference is also used for the second price derivative:

aZf f_;+l 2f_;+l +f_;+i
o " 2 AF? *

HI _ Zfl +fr 1
AF?

(A.6)

In the grid the futures price ranges from 0 to the maximum Fiitinicys the
range is divided into N + 1 increments. Ati = 1 andi = N the slope of
the option price is approximated. At F = AF the slope of the call option
curve (with respect to futures price) is approximately zero. While at F =
N AF the slope is exp( —r7). The slope at these points is approximated by
the averaged central difference [eq. (A5)]. This allows the value of the
option at grid point i = 0 to be determined in terms of the values at grid
point i = 2. Likewise, the value of the option at grid point N + 1 can be
written in terms of the value at grid point i = N — 1. With these ap-
proximations a tridiagonal system of equations is produced at each time
step, which can be solved easily by back substitution.
For i ranging from 1 to N the tridiagonal system of equations is

afitl + bhifi™ + o fitl = Afi, + Bifi+ Cff, (A7)

where
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1 r
= = — + 2X = = —)
a; . b, Ar 2X + > c; X,
B%i? ( i AF)Z))‘
X=—I1A+ — .
4 M
1 r
Ai = X, Bi = K‘;‘ - 2X g 5’. and C,' = X (AS)

There are N equation and N + 2 option prices. The two additional equa-
tions come from the slopes at either end. At the bottom end (F = AF)

A =ft+ f4 - fb (A.9)
At the top end (F = N AF)

N =R — o +fAo + 4AF exp(—r(j + 0.5) A7) (A.10)

Excel Function

VBA code for an Excel function that implements the finite-difference
scheme is given below. The program runs slowly in Excel; a typical cal-
culation may take 2—3 s. It is much faster when the function is written
as a DLL. The difference scheme given above does not always work when
F is approximately 20% larger than M. Check all results by calculating
the area under the probability curve and by calculating the expected fu-
tures price.

Function Euro_call(F infinity As Double, F_max As Double, z As Double,  F price As
Double, t As Double, r As Double, sigma As Double, strike As Double)

Dim a(512) As Double, b(512) As Double, ¢(512) As Double

Dim u(0 To 512 + 1) As Double, uold(0 To 512 + 1) As Double

Dim gam(512) As Double, d(512) As Double

Dim, deltaN As Double, dt As Double, dx As Double, i As Integer

Dim bet As Double, slope As Double, j1 As Integer, j As Integer, x As Double
Dim ilow As Integer, iup As Integer, copt As Double, n As Integer, m As Integer

'Finfinity = Infinite futures price (for the finite difference scheme, approx = 2.5F)
'F_max = M technical level
'z = 1/A strength of view

'F price = F futures price
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't

'

T

T option term

risk-free rate

'sigma = B volatility parameter

n = 512:m = 30: dt = t/m: dx = F_infinity / (n + 1)
Fori = 0 Ton + 1 Step 1: uold(i) = Application.Max(i * dx — strike, 0): Next i

Forj=1Tom
deltaN = Exp(—r* (j + 0.5) * dt)
Fori = 1Ton

x = ((sigma *i)*2)/4*(z+ (1 —i*dx/Fmax)*2)*2

ali) = —xb(i)=1/dt + 2*x 4+ r/2:c(i) = —x

d(i) = —uold(i = 1) * a(i) + wold(i) * (2 /dt — b(i)) — wold(i + 1) * (i)
Next i

c(1) = a(l) + c(1):d(1) = d(1) — a(1) * (uold(2) — uold(0)): a(n) = a(n) + c(n)
d(n) = d(n) — ¢(n) * (4 * dx * deltaN — uold(n + 1) + wold(n — 1))
bet = b(1): u(1) = d(1) / bet

Forjl = 2Ton

gam(jl) = c(jl — 1) /bet: bet = b(j1) — a(j1) * gam(j1)

u(j1) = (d(j1) = a(j1) * u(jl — 1))/ bet

Next jl

i

Forjl =n — 1To 1 Step — 1

u(jl) = u(jl) = gam(jl + 1) *u@l + 1)

Next jl

u(0) = u(2) + wold(2) — uold(0)

u(n + 1) = 4 * dx * deltaN + u(n — 1) — vold(n + 1) + vold(n — 1)
Fori = 0 Ton + 1: uold(i) = u(i): Next i

Next j

ilow = Int(F price / dx): iup = ilow + 1:slope = (uliup) — u(ilow)) / dx
Euro call = slope * (F price — ilow * dx) + u(ilow)

End Function

S&P Data Modeled

The S&P data examined in the article are given in Table Al.
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TABLE Al

Daily Closing Prices of Call Options on the September 1996 S&P 500 Index
Futures from June 26 to September 16, 1996. The Data Source is Bloomberg.

530
550
580
600
610
620
625
630
635
640
645
650
655
660
665
670
675
680
685
690
695
700
705
710
715
720
725

Date | 8/6 B8/5 8/2 7/31  7/30  7/29 7/26 7/25 7/24 723  7/22 719 718 7/18
Days | 44 45 48 50 B1 52 55 56 57 58 59 62 63 64
Futures | 664.25 661.70 666.35 642.40 637.70 631.00 639.35 635.20 630.70 628.15 637.55 642.00 647.45 6378
Strike | Call option prices (index points)
510 [154.25 151.70 156.35 132,65 127.85 121.36 129.35 125.30 121.05 118.70 127.70 132.00 137.45 127.90
530 [134.25 131.70 136.356 112.75 108.25 101.90 109.85 105.75 101,65 99.35 108.15 117.55 108.25
550 |114.35 111.80 116.45 93.56 89.05 82.75 90.30 B86.65 82.80 B80.50 88.95 98.05 89.15
580 | 85.10 82.60 87.15 65.30 61.25 55.25 62.10 58.95 55.85 53.65 61.30 69.40 6130
600 | 66.10 63.60 68.00 47.40 43.85 38.40 4450 41.80 39.30 37.20 44.00 46.20 51,30 44.20
610 | 56.65 54.40 5860 38.85 36570 30.70 36.20 33.76 31.60 29.75 36.00 36.00 42.65 36.15
620 | 47.60 4545 4950 30.95 28.10 23.60 28.55 2645 24.65 23.00 28.40 3460 2885
625 | 43.20 41.05 4505 27.15 2460 2035 2495 23.10 21.50 19.90 24.95 27.60 30.80 2540
630 | 3890 36.85 4075 23.75 21.40 17.40 21.45 19.95 1855 17.10 21.70 27.15 2220
635 | 3470 32.70 36.50 20.35 18.25 1450 18.25 17.00 15.75 14.40 18.65 23.65 19.10
640 | 30.60 28.75 3225 17.15 15256 1200 1530 14.256 13.25 1200 1575 17.80 20.35 16.30
645 | 26,65 2495 2830 14.25 1265 9.65 1260 11.75 1095 9.85 13.20 1500 17.35 1375
650 | 2295 21.35 2450 11.60 1030 770 1020 950 8.85 7.95 10.90 12.40 14.60 1145
655 1945 1800 2095 930 820 600 810 760 715 6.40 890 9.40 12.05 9.35
660 | 16.20 14.90 17.60 7.35 645 460 630 695 555 490 710 800 975 780
665 | 13.16 1200 1455 565 490 340 480 460 430 380 560 580 7.80 610
670 | 1055 9.70 11.70 425 370 250 360 350 325 290 430 480 6.15 480
675 830 7.40 930 300 260 175 260 260 240 215 325 440 470 380
680 635 6565 725 200 18 125 185 180 170 156 240 280 350 290
685 475 420 550 135 135 080 130 1.25 120 115 1.80 1.80 260 225
690 345 310 405 095 100 066 090 0590 09 080 125 150 200 175
695 245 220 290 060 065 045 060 060 065 0.B80 08 1.00 130 125
700 1.65 1.50 205 040 045 030 040 040 045 045 060 0.75 0.80 0.80
705 1.0 105 145 020 025 020 025 025 030 030 040 060 060 060
710 070 070 100 010 010 010 015 015 020 020 030 045 045 045
715 050 050 070 005 005 0.05 010 0.10 0.15 015 0.20 0.35 0.35
720 035 035 045 0.05 005 005 005 005 0.10 010 0.15 025 025
725 0.2 0.20 0.30 005 005 010 010 010 015 020 020
[ Date | /16 3 : 1 : B126 |
Days | 65 66 69 70 71 72 73 76 78 79 80 83 84 85
Futures|632.10 630.25 648.05 648.356 661.70 659.15 656.30 661.10 676.10 678.80 680.80 676.80 673.056 668.65
Strike [ Call option prices (index points)
510 [123.06 121.45 138,06 138.35 151.70 149.16 146.30 151.10 166.10 168.80 170.80 166,80 163.05 158.65

103.45 101.90 118.15 118.56 131.70 129.15 126.35 131.10 146.10 148.80 150.80 146.80 143.05 138.65
84.25 B2.70 98.60 98.95 111.90 109.45 106.65 111.35 126.10 128.80 130.80 123.20 118.85
56.65 55.256 69.95 70.35 B2.60 80.45 77.95 82.40 96.55 99.10 101.20 97.30 93.95 90.00
40.05 38B.80 52,20 5250 64.00 61.95 59.65 63.85 77.50 79.90 81.85 78.05 74.80 71.15
3240 31.35 43.70 43.95 5490 53.05 50.95 54.95 68.05 70.45 72.20 68.60 65.40 61.90
25,50 24.55 3570 36.00 46.25 44.60 42.60 46,50 59.05 61.16 62.90 59.40 56.35 53.25
22.35 21.45 31.90 32.25 4210 4045 3855 4235 5455 56.60 5835 5495 51.95 49.00
19.40 18.55 28.30 28.60 38.05 36.50 34.70 38.35 50.20 52.25 53.90 50.60 47.70 44.85
16.50 15.756 2480 26.15 3405 32.70 31.056 3450 4595 47.95 49.565 46.30 43.50 40.85
13.95 13.35 2150 21.85 30.25 28.95 27.40 30.75 41.80 43.70 4530 42,10 39.45 36.95
11.76 11.25 1845 18.80 26.60 26.40 2406 27.20 37.75 39.60 41.15 38.10 3550 33.25
9.70 9.25 1560 15.90 23.20 22.05 20.85 23.80 33.85 3560 37.10 34.20 31.75 29.65
7.90 7.50 13.06 13.55 20.00 19.00 17.90 20.70 30.10 31.80 33.15 30.45 28.20 26.30
6.30 5.5 10.80 11.10 17.10 16.20 15.15 17.75 26.50 28.10 29.40 26.85 24.80 23.05
500 470 880 9.06 1435 1355 12,65 1500 23.10 24.60 2585 23.45 21.55 19.95
395 370 7.05 7.26 11.90 11.20 1045 1255 20,06 21.35 2250 20.25 18.50 17.10
310 290 555 570 965 9.15 850 1040 17.10 18.30 19.40 17.25 15.65 14.50
240 226 420 435 770 730 680 B840 1435 1645 16.45 14.55 13.15 12.10
185 176 315 325 6.00 570 525 6.60 11.95 1285 13,756 12.06 10.85 10.00
145 140 235 245 465 435 400 520 975 1060 11.35 9.80 B8.80 8.10
1.06 100 175 180 350 325 300 400 785 855 920 780 695 645
065 060 125 130 260 240 220 300 620 675 735 605 535 495
050 045 085 080 190 175 160 250 475 6526 570 465 4.05 3.75
035 035 060 065 140 1.25 1.15 1.60 365 405 435 345 285 265
025 025 040 045 100 090 080 120 280 3.06 330 250 200 1.95
020 020 030 035 070 060 055 085 210 230 240 180 1.35 1.40
015 015 020 025 055 045 040 060 145 165 1.75 1.30 0.90 0.95
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TABLE Al (Continued)

Daily Closing Prices of Call Options on the September 1996 S&P 500 Index
Futures from June 26 to September 16, 1996. The Data Source is Bloomberg.

Date

9/16

9/13__9/12_9/11__9/10 _9/9 9/6 __9/5 _ 0/4 _0/3 8/30 8/29_ 8/28 _ 8j27
Days | 3 6 7 8 9 1013 14 16 16 20 21 22 23
Futures| 684.70 682.85 672.15 667.00 665.10 666.056 658.25 649.00 656.60 655.85 651.35 657.15 665.70 666,70
Strike | _Call option prices (index points)
510 [174,70 172.85 162.156 157.00 166.10 156,06 148.25 139.00 146.60 145.85 141.35 147.15 155,70 156.70
530 [154.70 162,85 142,15 137.00 135.10 135.05 128.25 119.00 126.60 125.85 121.35 127.15 13570 136.70
550 [134.70 132.85 122.16 117.00 115.10 115.05 108.25 99.05 106.60 105.85 101,40 107.15 115.70 116.70
580 |104.70 102.85 92,15 87.00 85.10 8510 78.30 69.60 76.90 76.15 71.75 77.35 B85.80 86.80
600 | 84.70 8285 7215 67.05 65.20 6515 58,50 50.35 57.30 56.55 52.35 57.80 66.05 67.00
610 | 74.70 7285 62.20 57.10 5526 65.25 48,70 40.85 47.65 46.95 42.85 48,10 56.25 57.25
620 | 64.75 62.85 52.25 47.15 4535 4540 39.05 31.80 38.20 37.50 33.50 38.60 4655 47.55
625 | 59.75 57.90 47.30 42.20 40.45 40,50 34.30 27.35 33.55 32.90 29.05 33.95 41.75 42.75
630 | 54.75 52.90 42.35 37.30 35.60 35.65 29.55 23.05 29.05 28.05 24.80 29.40 37.10 38.10
635 | 49.80 47.95 37.40 32.40 30.75 30.80 24.90 19.00 24.65 24.10 20.65 25.05 32.45 33.45
640 | 44.85 4300 32.50 27.55 2595 26.05 20.45 1520 2040 19.90 16.70 20.85 27.90 28.90
645 | 39.85 38,05 27.60 2280 21.30 21.45 16.25 11.70 16.40 1595 13.10 16.85 23.60 24.55
650 | 34.90 33.10 22.76 18.20 16.90 17.05 1240 B8.70 12.80 12.45 9.95 13.25 19.45 20.45
656 | 29.95 28.15 18.15 13.80 1270 12.95 9.00 620 960 9.30 7.20 10.00 1560 16.55
660 | 25.00 23.25 13.70 9.80 B8.95 925 6.10 4.15 690 6.65 4.95 7.20 12.10 12.90
665 | 20.10 1840 9.50 6.30 575 610 3.85 265 470 455 325 490 895 975
670 | 15.25 1370 6.00 3656 3.40 375 230 1.60 3.00 290 1.95 3.10 630 7.00
675 | 1060 9.35 335 185 1.80 210 1.30 095 185 1.80 115 1.85 425 4.80
680 | 640 555 1.60 080 085 1.00 070 060 110 110 070 1.05 270 3.15
685 | 3.10 280 070 030 040 045 040 035 065 065 040 060 1.65 1.95
690 | 1.20 1.20 035 015 020 025 025 025 040 040 025 035 1.00 1.20
695 | 035 035 015 010 010 045 015 015 025 025 015 020 060 070
700 | 045 0.5 010 0.05 005 010 010 010 015 015 010 010 035 045
705 | 010 0.05 005 005 005 005 010 010 005 005 020 0.25
710 | 0.05 0.5 0.05 0.05 0.5 0.05 010 0.15
715 005 0.10
720 0.05 0.05
725 0.05
Date | 8/26  B8/23 8122 B/21 8/20 819 B/16_ 8/15_B/14_ 81138112 89 _ 8/8 87 |
Days | 24 27 28 29 30 31 34 35 36 3/ 38 41 42 43
Futures| 664.20 668.80 671.85 666.00 667.95 666.20 668.10 663.60 663.60 661.80 667.7/5 662.45 666.20 666.20
Strike | _(Call option prices (index points)
510 [154.20 168,80 161.85 156,00 157.95 158.20 168.10 153.60 153.60 151.80 157.75 162.45 166.20 156.20
530 [134.20 138.80 141.85 136.00 137.95 138.20 138.10 133.60 133.60 131.80 137.75 132.45 136.20 136.20
550 [114.20 118.80 121.85 116,00 117.95 118.20 118.10 113.60 113.60 111.85 117.75 116.25 116.25
580 | 84.35 88,95 91.95 86.15 86.15 8840 88.30 83.90 8405 8240 88.20 83.20 B6.65 86.75
600 | 64.65 69.15 72.15 66.50 6B.45 68,85 68.75 64.50 64.60 63.00 6870 63.90 67.35 67.55
610 | 54.95 59.30 62.30 56.70 58.76 §9.16 53.10 5500 56.10 53.60 6§9.10 54.55 57,90 58.15
620 | 45.40 49.65 52.55 47.05 49.10 49.60 49.60 4565 4585 44,50 49.80 4550 48,60 48.90
625 | 40.70 44.85 47.70 42.35 4435 44.85 44.90 41.05 41.35 40.00 4515 41.00 44.10 44.45
630 | 36.15 40.15 43.00 37.65 39.75 40.30 40.30 36.55 36.90 35.60 40.65 36.75 39.80 40.05
635 | 31.55 3550 38.30 33,10 3520 3575 35.85 32.25 32.60 31.40 36.25 32.55 3545 3575
640 | 27.10 30.95 33.65 28.70 30.75 31.35 31.45 28.00 28.40 27.30 32.00 2850 31.30 31.60
645 | 23.00 26,50 29.20 24.45 26,50 27.10 27.25 24.00 24.45 2340 27.85 24.65 27.25 27.60
850 | 19.00 22.30 24.90 2045 22.40 2300 23.15 20.15 20.60 19.70 23.85 20.90 23.40 23.75
655 | 1525 18.35 20,80 16.65 18,55 19.15 19.30 16.85 17.05 1625 20.16 17.50 19.85 20.15
660 | 11.85 14.60 16.85 13.06 14.90 1550 1570 13.30 13.80 13.15 16.75 14.40 16.45 16.80
665 | 8.85 11.25 13.25 9.90 11.60 12.20 12.40 10.30 10.85 10.35 13.50 11.45 13.30 13.65
670 | 6.35 830 1010 7.20 875 9.26 945 775 835 7.95 1060 8.95 10.65 11.00
675 | 430 58 735 505 635 68 705 560 625 595 810 680 835 B8.70
680 | 285 390 510 3.35 445 490 510 390 450 430 605 500 625 6.60
685 | 1.80 250 3.40 215 295 335 350 260 315 300 430 355 4.60 4.90
6% | 1.10 150 220 1.30 1.90 220 230 1.65 210 200 3.00 245 320 3.55
695 | 065 085 135 075 1.20 135 145 1.00 1.35 130 195 160 210 240
700 | 040 050 0.80 040 070 090 095 065 0.80 0.80 1.15 1.05 145 1.60
705 | 025 030 050 025 040 055 060 040 050 050 065 060 095 1,05
710 | 015 020 035 015 026 035 035 025 030 030 030 030 060 065
715 | 010 015 025 010 015 025 025 020 020 020 020 020 045 045
720 | 005 040 015 005 010 020 020 015 015 015 015 0.15 030 0.30
725 | 005 005 0.0 005 015 015 010 010 010 010 0.10 0.15 0.5
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