
INTRODUCTION

A cornerstone of modern financial theory, the Black-Scholes model gained momentum post 1973 on account of its
scientific approach towards valuing securities and options. This model, developed by the noble prize-winning
economists Fisher Black, Myron Scholes and Robert Merton also came to be known as the Black-Scholes-Merton
model because of developments made by Robert Merton in later years. Since its introduction in 1973 and
refinement in the 1970s and 80s, the model has become the de-facto standard for estimating the price of
European-style stock options.

The formula helps investors to calculate the theoretical value of options in order to make well informed decisions.
It essentially calculates the present value of the difference between the future price and the exercise price. The
more likely it is that an option will expire in the money (i.e., the fair value at the time of exercise will be greater
than the exercise price), the more valuable that option is.
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Ln = Natural logarithm
r = Risk-free rate (continuously compounded)
q = Dividend Yield (continuously compounded)
t = Expected term, in years
𝜎 = Expected volatility

When using the Black-Scholes-Merton (“BSM”) Model, an option’s fair value is estimated by predicting potential
future outcomes, probability weighting those outcomes, and discounting the outcomes back to the present value.

The BSM formula assumes that option exercises occur at the end of an option’s contractual term (European
options), and that expected volatility, expected dividends, and risk-free interest rates are constant over the
option’s term.

The accounting standards governing the stock-based compensation awards mandate the financial reporting
requirement for the entities to fair value stock-options using an option pricing model. The BSM model is one such
model recommended by the standards. Therefore, the model is used widely also, for financial reporting purposes
in valuing employee stock options.
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The key inputs to a BSM model are enlisted and discussed below:

1. Current price of the underlying share (“S”)

“S” represents the fair value of the underlying stock on the date of grant of the option. For publicly traded
companies, a direct reference is made to the listed market price of the share as on the date of grant date. As
data regarding the fair value of a privately held company is not easily available, a valuation analysis is
conducted in order to arrive at the same.

Under IFRS 2, if market prices are not available, the entity shall estimate the fair value of the equity instruments
granted using a valuation technique to estimate what the price of those equity instruments would have been
on the measurement date in an orderly transaction between market participants. The valuation technique shall
be consistent with generally accepted valuation methodologies for pricing financial instruments, and shall
incorporate all factors and assumptions that knowledgeable, willing market participants would consider in
setting the price.

2. Exercise price of the option (“X”)

“X” is the price that the option holder will pay when they exercise their stock options. The exercise price is
defined in the option grant agreement.

3. Expected term of the option (“t”)

“t” refers to the anticipated time period during which the company expects the stock option to remain
outstanding before it is exercised or terminated. Expected term implies consideration of the contractual term
of the share option and the effect of employee exercise patterns that result in a share option term that is
shorter than its contractual life. The valuation of a share option should reflect the fact that employees often
exercise share options prior to expiration. Consequently, the expected term is normally shorter than the
contractual life of the share option.

Different variables affect the expected term or the expected life of the option grant, including but not limited
to historical exercise patterns, employee demographics, termination rates, expected volatility and price of the
underlying stock.

4. Risk-free rate (“r”)

One component of the BSM Model is the calculation of the present value of the exercise price, and the risk-free
rate is the rate used to discount the exercise price in the present value calculation. Thus, the model calls for the
risk-free interest rate as an assumption to consider, among other things, the time value of money. A risk-free
rate is the rate of return of an investment with zero risk.

The risk-free interest rate is the implied yield currently available on zero-coupon government issues
denominated in the currency of the market in which the underlying share, which is the basis for the instrument
awarded, primarily trades.

In order to capture the fact that the model works in continuous time, rather than discrete time a continuous
time version of present value (e–rt) is used rather that the discrete version, (1 + r)–t. It also means that the
inputs such as the risk-free rate must be modified to make them continuous time inputs.

5. Expected Dividend (“q”)

The BSM formula also uses an estimate of the expected dividend yield (as a percentage of the stock price). One
should only consider the dividend the option holder is not entitled to while holding the options. Therefore, if
the option holder is entitled to any dividend (either in cash or as a reduction of exercise price) during the
vesting period, it may be appropriate to consider the expected dividend rate as zero.



The assumption about the expected dividend should be based on publicly available information. If an entity
hasn’t paid dividends in the past and also does not plan to do so, one can assume the expected dividend yield
of zero. However, an entity with no history of paying dividends plans to pay dividend during the life of the
options, can use an average of historical dividend (zero) and mean dividend yield of comparable companies.

6. Expected volatility ("𝝈")

"𝜎" is “a measure of the amount that a share’s price has fluctuated (historical volatility) or is expected to
fluctuate (expected volatility) during a specified period.” Generally, the selection of an expected volatility
assumption has the single largest impact on estimated fair value.

Furthermore, it also tends to be the most subjective of all assumptions. The accounting standards summarize
some of the considerations to be used when selecting a volatility assumption:

a. Contractual term, expected life and anomalies in historical price data
b. Implied volatility of publicly traded financial instruments
c. Length of time data is available and use of peers
d. Appropriate and regular intervals for price observations used to calculate volatility
e. Changes in corporate structure
f. The tendency of volatility to revert to its mean

If the entity does not have traded options or other derivative securities on its shares, an entity may be able to
calculate the implied volatility of traded instruments with option features such as convertible debt.

In practice, the most frequent categories for determining expected volatility are historical volatility, implied
volatility and peer volatility. Further, many companies elect to use a combination of the above volatility types,
also referred to as a blended volatility.

The Directional Relationship between Share Option Value and the Key Assumptions

Limitations of the Black-Scholes-Merton Model

While the Black Scholes Merton Model has helped immensely, it is not without its own share of limitations. They
are as follows:

• It is useful for valuing only European style options i.e. options that can be exercised only at the expiry of the
term. Thus, valuing share-based payments such as Stock Appreciation Rights which can be exercised at any
point of time during the contractual period i.e. they are in the nature of American style options would not be
possible with the BSM model.

• As the inputs are assumed to be constant throughout the term of the option, the model fails to incorporate the
dynamic nature of critical inputs such as interest rates and volatility.

• The BSM model assumes a lognormal distribution of share prices i.e. random walk. This assumption does not
account for large movements in prices during times of stress in the market.

Input Assumptions Effect on Option Value from an increase in input
S Higher
X Lower
t Higher
r Higher
q Lower
𝝈 Higher



Alternatives

Where there are limitations, there are alternatives. There are other models that exist to address the limitations of
the Black-Scholes-Merton model. Popular models include: Binomial lattice model and Monte Carlo simulation
model.

Binomial lattice models project the price of the underlying share at various time “steps” during the contractual
period of the option and then calculate the payoff of the option at each step. The primary advantage of these
models is that they permit the user to incorporate non-standard features of the option in the valuation analysis.
For example, ESOPs that are exercisable only when the underlying share price crosses a certain point can be valued
using the binomial lattice model.

Monte Carlo simulation models simulate variables using a random number along with other inputs such as
volatility, time to expiration etc. The models generate tens of thousands of iterations and the average of these
iterations is used to determine the final outcome. The advantage of the Monte Carlo simulation method is that it
permits the user to simulate multiple variables and also specify various probability distributions. Monte Carlo
simulations are especially useful when the vesting of stock options is driven by more than one performance or
market conditions. For example, if an ESOP is designed with vesting driven by the company crossing set revenue
and earnings thresholds, valuation of such an ESOP can be done using Monte Carlo simulation.

Concluding Thoughts

Like every model in finance, the Black-Scholes-Merton model has its pros and cons. Understanding and weighing
the benefits and costs of each model will help the company choose a model that will befit the engagement and
help develop an accurate estimate of an option’s value. Nevertheless, the model has helped immensely and is used
widely on account of its formula that enables quick inputs allowing speedy valuations.
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