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Typically European equity options are priced using the
Black-Scholes model (Black & Scholes 1973) or that
model adjusted for dividends by calculating a continu-
ous dividend yield. This has the effect of spreading the
dividend payment throughout the life of the option. In
the case of several dividend payments, this is a satis-
factory solution, for example, where the option is on an
index (where the index is paying out several dividends,
spread out through the period of optionality).

Thus, for European equity options where the underly-
ing has no or several dividends, we will use the Black-
Scholes formula. For American equity options with
the underlying having no or several dividends, we may
argue similarly. Here the approximation of Barone-
Adesi and Whaley (Barone-Adesi & Whaley 1987) is
popular, but we prefer the method of Bjerksund and
Stensland (Bjerksund & Stensland 1993), (Bjerksund
& Stensland 2002) as it is computationally far supe-
rior, and has been shown to be more accurate in long
dated options. (Bjerksund & Stensland 2002) is a re-
cent improvement over (Bjerksund & Stensland 1993).
Another standard approach (for the European case) is
to reduce the stock value by the present value of divi-
dends (the escrowed dividend method), or to increase
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the strike by the future value of dividends. Both are
unsatisfactory approaches as they affect the stochastic
process on the equity fairly significantly. See (Frishling
2002), (Bos & Vandermark September 2002), (Haug,
Haug & Lewis 2003).

In the case of only a few dividend payments on the
underlying equity, the original approach above - cal-
culating a continuous dividend yield and using that
in a closed form formula - is also no longer satisfac-
tory, even for European options. The dividends occur
at one or a few discrete times, but we are spreading
them out throughout the life of the option by making
this assumption, and this has a material effect on the
stochastic process for the stock price.

This comment also applies to the classic binomial tree
approach for pricing American options developed in
(Cox, Ross & Rubinstein 1979). Use of a binomial
tree necessitates that risk free rates are assumed con-
stant, and that there is a constant dividend yield, as
described above. This will lead to the same severe
problems as before. Note that dividends cannot be
made discrete in the tree approach because doing so
will make the tree no longer recombine, which is com-
putationally as disaster.

Much theory has been developed to price (European)
options under the assumption that the dividends are
a known proportion of the stock price on the dividend
payment date. See (Bjork 1998), for example. How-
ever, to use this approach alone is academic fiction:
companies and brokers think of, predict, and eventu-
ally declare the reasonably short dated dividends in a
currency unit. Furthermore, companies are very much
loathe to reduce the dividend amount year on year,
as a significant proportion of stock holders hold the
stock purely for the purpose of receiving annuity rev-
enue from the dividends (for example, retirees, who in-
tend living on the dividends, and leaving the stock to
their inheritors) and may transfer their holding to an-
other stock if the dividend was decreased significantly
(or even, was not keeping up with inflation). Thus,
even if the stock price has decreased somewhat, the
company will attempt to maintain dividend levels at
more or less the same currency level, at least for a
while. Thus, the model that dividends are a known
proportion of share price is not practicable.



Another more practical and meaningful possibility is
that the first few dividends are known or predicted in
cash, whilst the remaining dividends are predicted as
a proportion of stock price.

In the case of an American call with one dividend, the
formula of Roll, Geske, Whaley (Roll 1977), (Geske
1979), (Whaley 1981) is well known (amongst prac-
titioners) to be arbitragable (and not so well known
amongst software vendors, who often insist on offering
this as the default model). Again, see (Frishling 2002),
(Haug et al. 2003). Furthermore, their approach does
not allow for the pricing of American puts (as is well
known, the pricing of American puts is in general more
difficult than the pricing of calls).

Thus, for European or American options with a few
dividends, we will use a finite difference scheme for
pricing. This finite difference scheme easily accommo-
dates the discrete jumps of dividends.

One can use the finite difference approach for any num-
ber of dividends if prepared to input them. As the
number of dividends increases, the benefits of these
approaches are outweighed by the superior speed of
using the continuous dividend yield proxy in the Black-
Scholes or Bjerksund-Stensland formula.

On the PriceWorX input screen, one can choose be-
tween the following models:

e Black-Scholes - for European equity options
where the underlying has no or several divi-
dends. A dividend yield is calculated consis-
tent with this information and is use in the
Black-Scholes formula.

e Bjerksund and Stensland - for American eq-
uity options with the underlying having no or
several dividends.

e Finite Differences - for European or American
options with at least one but not many divi-
dends, using finite differences.

e Analytic - the method of (Haug et al. 2003)
for European options. Being phased out of the
product, but currently retained for compatibil-
ity.

£} Equity Options Model - C:\Program Files\RiskWorX\PriceWorx2.2' Config\bi =10l x|
S = @
i~ Underying Instrument
Ecuity Name  [Black Exarr  Valuation Date [14/01/2004 =] Price [100
- Option Inputs
Stike Prica [100 e
[Lor Date [Dividend | Amountield |
Expiy Dale |06/07/2003 = e pores preE
: mown
Teim 2000 17/09(2004 20/08/2004 1 Amnount
Dividend ield | % 02/09/2005 05/09/2008 5 Amount
Riskiree Rate {10 % 27/07}2006 01/07/2006 0.1z Amount
Wolatiity |30 %
Dption Type |Euwopean / Cal -
Model Type [Black Disorete [Backwar =
= Model Inputs
Epsion | Teleramee [ Shar= Steps |
War Depth | M ltzratiors [ Time Steps [
fomberargim [
~ Oulpuls
Pe;csenlisa e To4: e Premim [46.7845¢ Gamma [0.00275 Theta  [0.01245
i Deta [0EETH Ao 199228 Vegs [045254
-~ Curves - Volafilty Suface
{71 Siress Testng |
] Intermediats Values| (g Caloulats @3 Close
FiGURE 1. The input screen for eq-
ulty options
© Stress Testing - Equity Option _ - o =lolx|
O Caouae 2 =9
@ Suface  C CobuMep | | Trsmsosenor 30% Colou Rarge: I~ Vi a5 e Frane
" OneVaiable & TwoVarisbles
C Line Series —i—— Stat. End. 2] Reset
— O | | I Ao Fonion 3] s |
StatVahie  EndVale  Numberof Steps.
[pipe =] 0 [ [0 Stress Test of Premium over Spot Price and Volatiity
StatVahie  EndVale  Numberof Steps.
Voamy =] o1 e [0
1785165051 074209653 7514865812 20 20403261 3 .
5.185137027 1.16013274¢ 6.64501082¢ 20,60043322 3 o2
0.00061253% 1.621672517 9392108572 21, 10268705 3 o]
0003001840 2111483741 1014720581 21.68505284 3 £ ;2
0009576772 26133751 10.9046467C 22 3265150€ 3 £
(00251172173198320160 11 65056160 23010667513 “ A A
0046134352 3663297112 12.41213454 23.7249784€ 3 29 7 i 92;3
0.080433417 4.19059898€ 13.1572043€ 24.45981522 3 12; ¢ M:? ol
0.126992671 4.717339894 13, 89404144 252076912 3 o 04
10 20 3 4 50 60 70 80 80 100 110 120 130 140 150
Price
Ll

FIGURE 2. A matrix and display for
profit and loss under stock and volatil-
ity movements
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FIGURE 3. Profit and loss under dif-
ferent spot and interest rate scenarios
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