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A post Keynesian Analysis of the Black-Scholes Option Pricing Model

Horatio: You will lose this wager, my lord.

Hamlet: I do not think so. Since he went into France, I have been in continual

practice. I shall win at the odds....

*************************************************

Hamlet: O, I die, Horatio;

The potent poison quite o’er-crows my spirit.

Hamlet, V:2

With the collapse and rescue of the Long-Term Capital Management Limited

Partnership (LTCM, LP) this past summer (1998), it is appropriate to reconsider

the now famous Black-Scholes option pricing model from a post Keynesian perspec-

tive. Although news reports [cf (Siconolfi, Raghavan, and Pacelle) and (Henriques

and Kahn) among others] suggest that the problems of the LTCM, LP were not ex-

clusively, or even primarily, the result of employing the Black-Scholes option pricing

model (henceforth, the BSOPM), it is clear that the “bets” placed by the LTCM, LP

were guided by a fundamental belief on the part of its managers in the existence of

the sort of key equilibrium relationships upon which the BSOPM rests. The LTCM,

LP investment strategy was one of arbitraging (rather than hedging) supposedly

stable relationships that the fund’s managers and advisers believed would hold in

the long-term (hence the name of the partnership).

The fund was founded and managed by John Meriwether, a former Salomon

Brothers Vice Chairman with advice from Myron Scholes and Robert Merton. As

most economists know, Scholes was the 1997 winner of the Nobel Prize in Economics
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for formulating the BSOPM with the late Fischer Black. Merton also received the

1997 Nobel Prize in Economics for demonstrating “the broad applicability” of the

BSOPM (Siconolfi, Raghavan and Pacelle, p. A19).

Although the BSOPM has been subject to critical review (even among neoclassical

economists) for more than two decades, it remains the standard option pricing model

in both the financial economics literature [see (Ross, Westerfield, and Jaffe, pp. 585-

591) and (Dumas, Fleming and Whaley)] and among practioners. The Wall Street

Journal, for example, says the BSOPM is “now used to trade derivatives world-wide”

(Siconolfi, Raghavan and Pacelle, p. A19). The key and controversial aspect of the

BSOPM is that the expected growth rate of the underlying stock is replaced by the

rate of growth of a risk-free bond. In their provocative book Financial Calculus,

Baxter and Rennie state that for the purpose of pricing derivatives “the strong law

(of large numbers). . . is completely useless” (1996, p. 7). They demonstrate this

point by considering a wager which is based on the progress of a stock. Suppose, at

present, the stock is worth $1. In the next tick of time, it will either move to $2.00

or to $0.50. A wager is offered which will pay $1.00 if the stock goes up and $0.00

if the stock goes down. The authors form a portfolio consisting of 2/3 of a unit of

stock and a borrowing of 1/3 of a $1.00 riskless bond. The cost of this portfolio is

$0.33 at time zero. After the tick, it will either be worth 2/3 × $2.00 - 1/3 × $1.00

= $1.00 or 2/3 × $ 0.50 - 1/3 × $1.00 = $0.00. From this, they infer that “the

portfolio’s initial value of $0.33 is also the bet’s initial value” (p. 15). In eliminating

probabilities from the picture, Baxter and Rennie would pay $0.33 to buy the bet

whether the probability of the stock going up were .9999 or .0001. They refer to

this example as “the whole story in one step” (p. 15).

In this paper, we shall see whether the “story” has any merit in the real world. As

part of our analysis, we will revisit the basic theory of option pricing and reproduce
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the BSOPM formulation. Next, we shall subject the BSOPM to empirical simulation

using relationships that have been demonstrated to have historical validity. Finally,

we shall draw some conclusions about the lack of application of the BSOPM model,

despite its near universal acceptance by neoclassical financial economists and very

supposedly knowledgeable practitioners.

1 The theory

The BSOPM rests on a fairly straightforward mathematical exercise which we may

summarize as follows.

Let us suppose we have a continuously differentiable function of two variables

G(x, t). Then, taking a Taylor’s expansion through terms of the second order, we

have

∆G ≈ ∂G

∂x
∆x +

∂G

∂t
∆t(1)

+
1

2

∂2G

∂x2
(∆x)2 +

1

2

∂2G

∂t2
(∆t)2 +

∂2G

∂x∂t
∆x∆t

Next let us consider the general Ito process

dx = a(x, t)dt + b(x, t)dz(2)

with discrete version

∆x = a(x, t)∆t + b(x, t)ε
√

∆t(3)

where dz denotes a Wiener process, a and b are deterministic functions of x and t.

We note that

(∆x)2 = b2ε2∆t + terms of higher order in ∆t .(4)

Now,

V ar(ε) = E(ε2)− [E(ε)]2 = 1 .
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So, since by assumption E(ε) = 0,

E(ε2) = 1 .

Furthermore, since ε is N (0, 1), after a little algebra, we have that V ar(ε2) = 2, and

V ar(∆tε2) = 2(∆t)2. So that, E(∆tε2) = (∆t)2. Thus, if ∆t is very small, through

terms of order (∆t)2, we have that it is equal to its expected value, namely,

(∆x)2 = b2∆t(5)

Substituting (3) and (5) into (1), we have Ito’s Lemma

∆G = (
∂G

∂x
a(x, t) +

∂G

∂t
+

1

2

∂2G

∂x2
b2)∆t +

∂G

∂x
bε
√

ε(6)

or

dG = (
∂G

∂x
a(x, t) +

∂G

∂t
+

1

2

∂2G

∂x2
b2)dt +

∂G

∂x
bdz(7)

Now, following Hull (1993) and Smith (1976), let us consider the situation where

a stock price follows geometric Brownian motion

dS = µSdt + σSdz .(8)

Now, in Ito’s lemma we define G = ln S . Then, we have

∂G

∂S
=

1

S
;

∂2G

∂S2
= −

1

S2
;

∂G

∂t
= 0 .

Thus G follows a Wiener process:

dG = (µ−
σ2

2
)dt + σdz .(9)

This tells us simply that if the price of the stock at present is given by S(0), then

the value t units in the future will be given by

S(t) = S(0) exp[N ((µ−
σ2

2
)t, tσ2)](10)

= exp[N (log(S(0)) + (µ− σ2

2
)t, tσ2)]
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whereN (log(S(0))+(µ−σ2

2 )t, tσ2) is a normal random variable with mean log(S(0))+

(µ − σ2

2 )t and variance tσ2. Thus, S(t) is a normal variable exponentiated, i.e., it

follows the lognormal distribution. In the current context, the assumption of an

underlying geometric Brownian process (and hence that S(t) follow a lognormal dis-

tribution) is somewhat natural. Let us suppose we consider the prices of a stock at

times t1, t1 + t2, and t1 + t2 + t3. Then if we assume S(t1 + t2)/S(t1) to be inde-

pendent of starting time t1, and if we assume S(t1 + t2)/S(t1) to be independent of

S(t1 + t2 + t3)/S(t1 + t2), and if we assume the variance of the stock price is finite

for finite time, and if we assume that the price of the stock cannot drop to zero,

then, it can be shown that S(t) must follow geometric Brownian motion and have

the lognormal distribution indicated.

What should be the fair value for an option to purchase a stock at an exercise price

X starting with today’s stock price S(0) and an expiration time of T ? Logically,

if the rate of growth of the stock is µ, and the volatility is σ, then, assuming the

exponential Brownian model, the stock value at the time T should be

S(0) exp(N ((µ− σ2

2
)t, tσ2))

where N (a, b) is a Gaussian random variable with expectation a and variance b. If

we borrow money at a fixed riskless rate r to purchase the option, then the value of

the option could be argued to be equal to the

Method A CA = exp(−rT )E[Max(0, S(T )−X)]

where “E” denotes expectation.

On the other hand, it could also be argued that the person buying the option

out of his assets is incurring an opportunity cost by using money to buy the option

which might as well have been used for purchasing the stock so that the value of
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the option should be given by

Method B CB = exp(−µT ) E[Max[0, S(T )−X)]

Interestingly, Black and Scholes (1973) came up with a dramatically different

strategy. In (2), let a = µS and b = σS. Let f be a derivative security, i.e., one

which is contingent on S. Then, from Ito’s Lemma, we have:

df = (
∂f

∂S
µS +

∂f

∂t
+

1

2

∂2f

∂S2
(σS)2)dt +

∂f

∂S
σSdz .(11)

Multiplying (8) by ∂f
∂S , and isolating ∂f

∂S σSdz on the left side in both (8) and (11),

we have:

∂f

∂S
σSdz =

∂f

∂S
dS − ∂f

∂S
µSdt

∂f

∂S
σSdz = df − (

∂f

∂S
µS +

∂f

∂t
+

1

2

∂2f

∂S2
(σS)2)dt .

Setting the two right hand sides equal (!), we have:

df − ∂f

∂S
dS = (

∂f

∂t
+

1

2

∂2f

∂S2
(σS)2)dt(12)

Let us consider a portfolio which consists of one unit of the derivative security and

− ∂f
∂S units of the stock. The instantaneous value of the portfolio is then

P = f −
∂f

∂S
S .(13)

Over a short interval of time, the change in the value of the portfolio is given by

dP = df − ∂f

∂S
dS = (

∂f

∂t
+

1

2

∂2f

∂S2
(σS)2)dt(14)

Now since (14) has no dz term, the portfolio is riskless during the time interval dt.

We note that the portfolio consists in buying both an option and selling the stock.

Since, over an infinitesimal time interval, the Black-Scholes portfolio is a riskless
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hedge, it could be argued that the portfolio should pay at the rate r of a risk free

security, such as a Treasury short term bill. That means,

dP = rPdt = r[f − ∂f

∂S
S]dt = (

∂f

∂t
+

1

2

∂2f

∂S2
(σS)2)dt .(15)

Finally, that gives us the Black-Scholes differential equation

rf = (rS
∂f

∂S
+

∂f

∂t
+

1

2

∂2f

∂S2
(σS)2) .(16)

It is rather amazing that the BSOPM formulation has eliminated both the Wiener

term and the stock price growth factor µ. Interestingly, however, the stock’s price

volatility σ remains. Essentially, the BSOPM evaluation of a stock is simply driven

by its volatility, with high volatility being prized! We note that µ has been replaced

by the growth rate r of a riskless security. Over a short period of time, the portfolio

will be riskless. (We recall how, in the BSOPM solution, we used a hedge where we

bought options and sold stock simultaneously.) This risklessness will not be main-

tained at the level of noninfintesimal time. However, if one readjusts the portfolio,

say, daily, then, it could be argued that assuming one knew the current values of r

and σ, a profit could be obtained by purchasing options when the market value was

above the BSOPM valuation and selling them when the market value was below

that of the BSOPM valuation (assuming no transaction costs).

Now, we recall that a European call option is an instrument which gives the owner

the right to purchase a share of stock at the exercise (strike) price, X , T time units

from the date of purchase. Naturally, should the stock actually be priced less than

X at time T , the bearer will not exercise the option to buy at rate X . Although we

get to exercise the option only at time T , we must pay for it today. Hence, we must

discount the value of an option by the factor exp[−rt]. Since we have seen that the

BSOPM equation involves no noise term, it is tempting to conjecture that the fair
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evaluation of an option to purchase a share of stock at exercise price X is given by

CBS = e−rtE[S(t)−X, 0](17)

= e−rt 1√
2πσ2t

∫ ∞

ln[ X
S(0) ]

(S(0)ez −X) exp[− 1

2σ2t
(z − (r − σ2

2
)t)2]dz

The evaluation of each of the option prices considered above is made rather easy

if one uses the following lemma (Smith, 1976, p. 17).

Lemma If S is lognormal with growth rate µ and volatility σ and if

Q = λS − γX if S − ψX ≥ 0

= 0 if S − ψX < 0

then,

E(Q) =

∫ ∞

ψ X
(λS − γX)f(S)dS

= eµTλS(0)Φ(
log(S(0)/X)− log(ψ ) + [µ + (σ2/2)]T

σ
√

T
)

−γXΦ(
log(S(0)/X)− log(ψ ) + [µ− (σ2/2)]T

σ
√

T
)

where λ, γ, and ψ are arbitrary parameters and Φ is the standard Gaussian cumu-

lative distribution function.

Then we have for Method A, taking ψ =1 and λ =γ = e−rT

CA = e−rT{eµTS(0)Φ(
log(S(0)/X) + [µ + (σ2/2)]T

σ
√

T
)

−XΦ(
log(S(0)/X) + [µ− (σ2/2)]T

σ
√

T
)}

For Method B, taking ψ = 1 and λ =γ = e−µT

CB = e−µT{eµTS(0)Φ(
log(S(0)/X) + [µ + (σ2/2)]T

σ
√

T
)

−XΦ(
log(S(0)/X) + [µ− (σ2/2)]T

σ
√

T
)}
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For Black-Scholes, taking ψ = 1, λ =γ = e−rT , and setting µ = r, we have

CBS = e−rT{erT S(0)Φ(
log(S(0)/X) + [r + (σ2/2)]T

σ
√

T
)

−XΦ(
log(S(0)/X) + [r − (σ2/2)]T

σ
√

T
)}

2 A reality check

Below, we shall consider the performance of the BSOPM compared to Model A and

Model B in the case where a stock has growth rate µ = 15% with a fixed riskless

interest rate of 5% and a variety of volatilities. We shall assume the option is for

an exercise time of six months in the future, and that the price of the stock at the

present time is $100 and that the exercise prices portrayed in Tables 1-4 are possible.

Insert Tables 1-4 about here.

The results from the calculations provided in Tables 1-4 demonstrate that an increase

in volatility (σ) typically increases the value of the option.

Next, let suppose that the stock is actually declining in value. What happens

when, say, µ = −15%. The results of the calculations are given in Tables 5-8.

Insert Tables 5-8 about here

We note from the calculations in Tables 5-8 that the BSOPM values a call option

at an exercise price of, say $110, equally whether the growth rate of the stock is +

15% or -15%. This appears a bit bizarre!

Let us consider limiting behavior as the volatility goes first to infinity and then to

zero. Suppose that a stock is currently selling for S(0). We wish to buy an option
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T time units in the future with strike price X . As the volatility of the stock goes to

infinity, then we note that both Black-Scholes and Method B tell us that the option

is so valuable, that its fair price is simply the current value of the stock, namely

S(0), irrespective of the value of µ.

On the other hand, let us suppose the value of the volatility is zero. Then the

Black-Scholes price is

CBS = S(0)− e−rTX if S(0)erT ≥ X

= 0 otherwise.

Consider the following intuitive argument supportive of the BSOPM price. Typ-

ically, the stock price will grow at a rate µ, which is greater than the riskless rate

r. Since the process has no volatility, there is no uncertainty about it. Either the

stock grows above the strike price or it does not, and we know the result a priori .

If it does not, then the option is worthless. If the stock price grows above the strike

price, then the value will be worth the difference of the stock price and the strike

price. So, the vendor who sells the option contract can buy the stock now at price

S(0). To buy the stock, the vendor borrows S(0) dollars at the riskless interest rate

r. By the time that the option is to be exercised, the cost to the vendor is S(0)erT .

The buyer, at time zero, puts up the price CBS . So, then, by time T , the vendor has

a stock worth S(T ) and the “bond” which will have grown in value to CBSerT . If

the value at time T is greater than X, then the buyer will exercise the option, and

pay the vendor X dollars for the bond. In that case, in terms of dollar values at time

T , the vendor will sell the bond for X dollars. So, at time T the vendor will have

assets equal to −S(0)ert + X + CBSerT . Taking this back to time zero, the value of

assets to the vendor will be −S(0)+Xe−rT +CBS . This can be made equal to zero

only if CBS = S(0) − Xe−rT . (As we have stated, µ is typically greater than the
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riskless rate r. So, if S(0)erT ≥ X , then S(0)eµT > X.) The classical Black-Scholes

dogma would tell us that the vendor should sell the option for CBS = S(0)−Xe−rT .

There is a practical problem with this argument. If the volatility is zero and

the growth rate is µ > r, then the stock is behaving like a riskless security paying

at a rate greater than the standard r. Why would anyone lend money at rate r

under such circumstances? Clearly, they would prefer to buy the stock themselves!

Of course, the standard neoclassical argument would be that, if the stock has no

volatility, its price would not be in equilibrium at the point of the sale of the option.

Hence, the price would have to rise to cause µ = r, and the stock would be no

different from a treasury bill. This would, in fact, happen in the neoclassical world

of perfectly efficient markets where prices are always in “equilibrium.” However, in

the real world, where market imperfections make it possible for a company to earn

economic rent, it probably does not make sense for the financial markets to clear

at competitive prices while all other markets (factor inputs, goods, etc.) do not.

This point was shown by one of the authors a number of years ago (see Findlay

and Williams, 1979; and Williams and Findlay, 1979). Nevertheless, neoclassical

models regularly appear suggesting that companies can have growth rates where

µ > r, even though under perfect market conditions, all future rents should have

been completely discounted!

More generally, in the case where there is a positive volatility in stock price,

the lender would still face the fact that if one could find a large enough portfolio

of not perfectly correlated securities growing at an average rate of η > r, then it

would be foolish to lend out money at rate r < µ when it could rather be invested

in the portfolio. The vendor of the option typically has no strong views about a

particular stock, is selling options in many stocks, and is only interested in receiving

the supposed opportunity cost rate η. Accordingly, the vendor of the option will
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expect to use Black-Scholes with r replaced by η.

C
BS(vendor) = e−ηT{eηT S(0)Φ(

log(S(0)/X) + [η + (σ2/2)]T

σ
√

T
)

−XΦ(
log(S(0)/X) + [η − (σ2/2)]T

σ
√

T
)}

On the other hand, the buyer of the option will have fairly strong views about

the stock and its upside potential. The buyer should use Black-Scholes replacing r

by µ, where, typically, µ > η > r. Thus,

C
BS(buyer) = e−µT {eµT S(0)Φ(

log(S(0)/X) + [µ + (σ2/2)]T

σ
√

T
)

−XΦ(
log(S(0)/X) + [µ− (σ2/2)]T

σ
√

T
)}

We note that typically, in the mind of the call option buyer, µ is rather large.

Perhaps some investors will bet solely on the basis of a large stock price volatility,

but this is unusual. Option buying is frequently a leveraging device whereby an

investor can realize a very large gain by buying call options rather than stocks. The

vendor selling the option is probably expecting an η < µ value as the reasonable

rate of return on its investments overall. It is observed by Ross, Westerfield and

Jaffe that the arithmetic mean annual return on U.S. common stocks from 1926 to

1994 is over 12% (1996, p. 234). This figure (taken from data compiled by Ibbotson

Associates) may or may not have any long run validity (see Bernstein). However,

let us suppose we are dealing with an initial stock price of $100 and that the vendor

uses η = 10% and the buyer believes µ = 15%. In Tables 9 and 10, we show the

values of C
BS(vendor) and C

BS(buyer) respectively.
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Insert Tables 9 and 10 about here

The results in Tables 9 and 10 may appear confusing, for we have arrived at a

“Black-Scholes” price for the vendor and one for the buyer, and they are generally

not the same! Because of differing optimality criteria for the buyer and the seller,

both parties are better off by undertaking the transaction. This occurs because,

in the real world, investors may have differing expectations about future returns.

Rather than defaulting to formulae predicated on a belief in certain equilibrium

relationships (as did the Nobel laureates who advised the LCTM, LP—see discussion

above), the wise and informed investor probably would like to decide whether or not

the price being asked for an option is attractive, based on the opinion of the investor

as to what will happen to the price of a stock. The vendor does not have the same

position as the buyer, and will use an option pricing formula based on some broad

rate of return, say η (probably not that of a Treasury Bill, probably something

rather higher). The vendor may well attend to the volatility of a particular stock,

but is less likely than the individual investor to employ any notion of growth of the

stock.

3 Bear jumps and the role of simulation

Once we leave the realm of standard Brownian models, we generally do not have

ready formulae available to answer questions as to the wisdom of buying an option

or not. Simulation gives us a way to cope whenever we have a reasonable notion,

even a nonstandard notion, as to what is going on. For example, suppose we wished

to superimpose on the geometric Brownian walk a bear jump. Bear jumps appear to

conform to real world behavior in that bull markets tend to rise more or less smoothly
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over a long period of time. Bear markets (or jumps) tend to occur irregularly and

are typically steep, but of relatively short duration. Historically, bear jumps of

about 10% occur every year or so, while larger jumps of, say, 20% occur about every

five or six years. In any case, let us assume a jump which discounts the value of a

stock by 10% on any given month with probability .08 and its value by 20% with

probability .015 on any given month. This would represent roughly an average bear

jump downturn of

.08× 12× .10 + .20× .015× 12 ≈ .132.

In Tables 11 and 12, we demonstrate the results of using the three option pricing

formulae CBS, CB, CA, together with the simulated expected value.

Insert Tables 11 and 12 about here

Now, based on Tables 11 and 12 the conservative pricing of the BSOPM appears

inspired. Of course, we have simply added on the kind of unexpected downward

turn which is not accounted for by the geometric Brownian walk unmodified. On

the other hand, our imposition of bear jumps has depressed the expected growth

rate of the stock to essentially 1% (rounded down), and most of the value of the

option is due to volatility.

Suppose an investor believes the rate of growth of a stock is 15% overall, bear

jumps included. Then, if we are to include the bear jumps, we must increse (rounding

the 13.2% up to 14%) the value of the Brownian growth to 15% + 14% = 29%. So,

let us now compute the simulated “buyer’s price,” with discount to present value

rate being µ = 15%. We also compute the “vendor’s price” using the Black-Scholes

formula with “riskless rate” η = 10% . These computations are made in Tables 13
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and 14 which also assume that the vendor will use the nominal volatility values of

.20 and .40).

Insert Tables 13 and 14 about here

It is unlikely that a buyer will be able to acquire options at the orthodox Black-

Scholes rate (i.e., the one using Treasury bill interest rates of 5%). However, even

if the vendor is using a modified Black-Scholes formula with the more realistic 10%

discount rate, it would appear that the buyer places a higher value on the option

than the vendor in each of the cases shown above. A buyer might, accordingly, be

tempted to purchase, say, an option with a strike price of $108. Simulation allows

us to do more. We can obtain a profile of the anticipated values of such an option.

In Figure 1, we note, for σ = .2, that the value of the option will be zero around

55% of the time. The expected value to the buyer will be $7.23, but if we wish to

purchase the option, we should realize that around 55% of the time we will have

lost our purchase price of the option. There are many other things the prospective

buyer might choose to try before making the decision as to whether or not the option

should be bought. Most of these are rather easy to achieve with simulation.

Insert Figure 1 about here.

4 Conclusions

We started this paper with some well-known lines from Hamlet. We all are, to some

extent, captives of formalism, of the assumed models of reality with which we are
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comfortable. In Hamlet’s case, he insisted on believing he was simply going to enjoy

a friendly fencing match. That sort of reality he could handle. He had had such

matches countless times without mishap.

But there were facts on the table which he simply refused to believe could disrupt

the model with which he had grown so accustomed. For example, the match had

been arranged by Hamlet’s stepfather, Claudius, who had killed Hamlet’s father

and usurped the Kingdom and Hamlet’s mother. And Claudius knew that Hamlet

was aware of these facts, and Hamlet knew that Claudius knew that Hamlet knew.

Moreover, Hamlet knew that he (Hamlet) had killed the father of his sparring partner

and been responsible for the death of said partner’s sister.

Persons who indulge in market purchases based on assumed notions of a Brownian

regularity unmoderated by the modifications which are almost always necessary if

we are to look at real stocks from the varying standpoints of real people should not

be surprised when they lose their (or more commonly other people’s) shirts. The

whole area of modeling markets is an exciting one. Anyone investing or anyone

advising an investor may make ruinous mistakes if they do not ask questions such

as “what happens if ...”. These questions, typically, are not easy to answer if we

demand closed form solutions. Simulation enables us to ask the questions we need

to ask rather than restricting ourselves to looking at possibly irrelevant questions

for which we have formulae at hand.
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Tables

Table 1. Six Month Options. σ = .001 µ = .15.

Ex Price 102 104 106 108 110 112 114 116 118 120

CBS 0.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

CB 5.37 3.51 1.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00

CA 5.65 3.69 1.74 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Table 2. Six Month Options. σ = .20 µ = .15.

Ex Price 102 104 106 108 110 112 114 116 118 120

CBS 5.89 4.99 4.20 3.51 2.91 2.40 1.98 1.63 1.36 1.16

CB 8.58 7.47 6.46 5.55 4.73 4.00 3.37 2.82 2.35 1.95

CA 9.02 7.85 6.79 5.83 4.97 4.21 3.54 2.96 2.47 2.05

Table 3. Six Month Options. σ = .40 µ = .15.

Ex Pr 102 104 106 108 110 112 114 116 118 120

CBS 11.48 10.63 9.82 9.07 8.37 7.72 7.11 6.54 6.01 5.53

CB 13.84 12.89 12.00 11.16 10.37 9.62 8.92 8.26 7.64 7.06

CA 14.55 13.55 12.62 11.73 10.90 10.11 9.37 8.68 8.03 7.43

Table 4. Six Month Options. σ = 2.00 µ = .15.

Ex Pr 102 104 106 108 110 112 114 116 118 120

CBS 52.17 51.71 51.25 50.80 50.36 49.93 49.50 49.08 48.67 48.26

CB 53.37 52.91 52.45 52.00 51.56 51.13 50.70 50.28 49.87 49.47

CA 56.11 55.62 55.14 54.67 54.21 53.75 53.30 52.86 52.43 52.00

Table 5. Six Month Options. σ = .001 µ = −.15.

Ex Price 102 104 106 108 110 112 114 116 118 120

CBS 0.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

CB 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

CA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 6. Six Month Options. σ = .20 µ = −.15.

Ex Price 102 104 106 108 110 112 114 116 118 120

CBS 5.89 4.99 4.20 3.51 2.91 2.39 1.95 1.59 1.28 1.02

CB 2.22 1.77 1.40 1.10 0.85 0.66 0.51 0.38 0.29 0.22

CA 2.01 1.60 1.27 0.99 0.77 0.60 0.46 0.35 0.26 0.20

Table 7. Six Month Options. σ = .40 µ = −.15.

Ex Pr 102 104 106 108 110 112 114 116 118 120

CBS 11.48 10.63 9.82 9.07 8.37 7.72 7.11 6.54 6.01 5.53

CB 7.49 6.83 6.22 5.66 5.15 4.68 4.24 3.85 3.48 3.15

CA 6.77 6.18 5.63 5.12 4.66 4.23 3.84 3.48 3.15 2.85

Table 8. Six Month Options. σ = 2.00 µ = −.15.

Ex Pr 102 104 106 108 110 112 114 116 118 120

CBS 52.17 51.71 51.25 50.80 50.36 49.93 49.50 49.08 48.67 48.26

CB 49.77 49.30 48.84 48.39 47.95 47.51 47.08 46.66 46.25 45.84

CA 45.03 44.61 44.19 43.78 43.38 42.99 42.60 42.22 41.85 41.48

Table 9. Six Month Options. σ = .20.

Ex Price 102 104 106 108 110 112 114 116 118 120

C(vendor) 7.17 6.16 5.26 4.45 3.74 3.13 2.59 2.13 1.75 1.42

C(buyer) 8.58 7.47 6.46 5.55 4.73 4.00 3.37 2.81 2.33 1.92

Table I0. Six Month Options. σ = .40.

Ex Price 102 104 106 108 110 112 114 116 118 120

C(vendor) 12.63 11.73 10.88 10.08 9.34 8.63 7.98 7.36 6.79 6.25

C(buyer) 13.84 12.89 12.00 11.16 10.36 9.62 8.91 8.25 7.64 7.06

Table 11. Six Month Options (with bear jumps). σ = .20, µ = .15.

Ex Pr 102 104 106 108 110 112 114 116 118 120

CBS 5.89 4.99 4.20 3.51 2.91 2.40 1.98 1.63 1.36 1.16

CB 8.58 7.47 6.46 5.55 4.73 4.00 3.37 2.82 2.35 1.95

CA 9.02 7.85 6.79 5.83 4.97 4.21 3.54 2.96 2.47 2.05

Sim 5.97 5.13 4.38 3.72 3.13 2.62 2.18 1.80 1.48 1.21
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Table 12. Six Month Options (with bear jumps). σ = .40, µ = .15.

Ex Pr 102 104 106 108 110 112 114 116 118 120

CBS 11.48 10.63 9.82 9.07 8.37 7.72 7.11 6.54 6.01 5.53

CB 13.84 12.89 12.00 11.16 10.37 9.62 8.92 8.26 7.64 7.06

CA 14.55 13.55 12.62 11.73 10.90 10.11 9.37 8.68 8.03 7.43

Sim 10.89 10.08 9.33 8.62 7.96 7.34 6.76 6.23 5.73 5.28

Table 13. Six Month Options (with bear jumps). σ = .20, µ = .15.

Ex Pr 102 104 106 108 110 112 114 116 118 120

CBS 5.89 4.99 4.20 3.51 2.91 2.40 1.98 1.63 1.36 1.16

Cvendor 7.17 6.16 5.26 4.45 3.74 3.13 2.59 2.13 1.75 1.42

Cbuyer 10.53 9.34 8.24 7.23 6.30 5.46 4.71 4.04 3.44 2.91

Table 14. Six Month Options (with bear jumps). σ = .40, µ = .15.

CBS 11.48 10.63 9.82 9.07 8.37 7.72 7.11 6.54 6.01 5.53

Cvendor 12.63 11.73 10.88 10.08 9.34 8.63 7.98 7.36 6.79 6.25

Cbuyer 15.56 14.54 13.58 12.67 11.80 10.98 10.21 9.49 8.81 8.17
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Figure 1. Histogram of Option (Present) Values.
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