
A. Introduction:

In continuation with our previous newsletter on the Black Scholes Option Pricing Model (BSM), this newsletter

discusses the Binomial Option Pricing Lattice Model (BOPM) in detail. The BOPM addresses the inherent

limitations of the Black Scholes Model and aids in the valuation of instruments, the assumptions of which cannot

be modelled using the Black Scholes Model, for example, American style options.

B. Inputs to the BOPM

Inputs to the BOPM are similar to those for the BSM as the fundamental function of any option pricing model is to

price an option. The values determined by BOPM must ideally match the value as determined by the BSM. This is

because the various nodes in the BOPM represent the exponential calculation of the time period “t” in the Black-

Scholes formula. Enlisted below are the inputs to a BOPM:

i. Stock price on date of grant:

ii. Exercise price

iii. Vesting period

iv. Contractual term (t): A binomial lattice model incorporates the full contractual term of the option vis-à-vis the

expected term as used in a Black Scholes Model. ∆t represents the time steps considered in the model. For

example, if the contractual term of the option is 2 years and each node represents a monthly movement, ∆t =

2/24 = 0.0833

v. Volatility: As against the Black Scholes model, as a discrete time approach is used to value the binomial model,

the volatility input can be varied across the various nodes to take into account dynamic market conditions. The

volatility represents the upward (u) and downward (d) movement in the price of the underlying.

vi. Risk-free rate: A dynamic input for the risk-free interest rate can also be used.

The weights applied to each node that represent an upward or downward movement are derived from the volatility

and risk-free interest rate assumptions. Such weights are referred to as risk-neutral probabilities. The risk neutral

probabilities are computed as follows:

Probability(up) = (e(r∆t)) – d)
(u – d)

Probability(down) = 1 – Probability(up)
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Option valuation using this method is a three-step process:

1. Determining the quantum of movement of prices of the underlying over the term of the option,

2. Calculation of option payoff at each final node,

3. Sequential calculation of the option value at each preceding node.

The value computed at each stage is the value of the option at that point in time. This value is discounted to the
present value as at the valuation date. There exists a direct relation between the number of nodes and the accuracy
of the model i.e. shorter the time steps considered in the model and higher the number of nodes in the model, higher
is its accuracy.

C. To understand Application in Financial Reporting for valuing options:

While SFRS(I) 2: Share-based payment (“the standard” or “SFRS(I) 2”), does not incline towards any specific option

pricing model, it indicates that the BOPM fully captures the characteristics of employee stock options. However, the

BOPM is a complex model and a cost-benefit analysis must be performed before selecting a method. Additionally,

entity-specific conditions must be considered to determine the suitability of the method to value options. Further,

not all companies will have the necessary historical data required to support a more complex binomial option

pricing model. In such cases, the BSM must be used.

ESOPs that are designed with complex conditions can be valued using BOPM. Examples are as follows:

• ESOPs with market conditions: An option whose vesting is dependent on the share price or shareholder’s

returns can be valued using a BOPM. In the model, the nodes at which the share price does not reach the pre-

determined levels can be ignored while computing the option value

• ESOPs with service conditions: When valuing options with service conditions i.e. vesting is dependent on
employee completing certain years of service, a binomial lattice model is useful for incorporating early exercise
patterns. However, consideration should be given to the share price volatility of the Company. If the share price
volatility is low and the vesting schedule is long, the usage of the lattice model may not yield much incremental
benefit.

• Awards with caps: Awards that impose a limit on the gain that an employee may realize. This is a likely condition
when Stock appreciation rights (SARs) are issued. Such a condition results in an early exercise of the ESOP. The
possibility of an early exercise can be factored in the binomial lattice model.

D. Illustration

An employee stock option plan (ESOP) has issued options with the following features:

• Exercise price: SGD 10

• Contractual term: 5 years

• Vesting period: 1 year

• Vesting conditions:

o 1 year of continuous service

o Share price crossing at least equal to or above SGD 15

As the ESOP is subject to both service as well as market vesting conditions, it can be best modelled using the BOPM.

Following are the inputs available as at the grant date:

• Stock price: SGD 10
• Expected volatility of the underlying stock: 30%
• Risk free interest rate (continuously compounded): 3%



A binomial lattice model entails construction of two “binomial tree” diagrams. The first tree diagram forecasts the

stock price over the contractual term of the option while the second computes the option value.

For the sake of simplicity, the stock price movements are calculated at annual time intervals, so ∆t = 5/5 = 1. The 

other inputs to the model are as follows:

Up move factor
Down move factor

1.3499
0.7408

Probability of up move
Probability of down move

47.6%
52.4%

Present value factor 0.9704

The above computations are based on the volatility and interest rate inputs. 

Binomial Tree 1: Stock price movement
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Binomial Tree 2: Option valuation

The ESOP can be exercised by the employee any time after completion of 1 year of service AND the stock price

exceeding SGD 15. Thus, it is a form of an American option. A binomial lattice model is especially useful for valuing

American-style options. The computation of the option price goes from right to left. The option payoff at each of the

final nodes is computed. Payoff is equal to higher of the intrinsic value (Stock price – exercise price) or zero. The

option price at the penultimate node is calculated based on the following formula:

= MAXIMUM (Intrinsic value at current node, probability adjusted values of the succeeding nodes discounted to

present value)

In summary, after the computation of possible option payoffs at the final node, each preceding node represents a

decision that the option holder makes based between exercising now and exercising later. Based on this

understanding, the option value is computed as follows:
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Thus, based on this analysis, the option value is equal to SGD 2.71

E. Limitations

BOPM, undoubtedly remains a keystone in modern finance theory. However, like every model, the BOPM, too,

has its limitations.

• In a binomial tree model, the underlying asset can only be worth exactly one of two possible values, which

is not realistic, as assets can be worth any number of values within any given range i.e. it is a discrete

model.

• A more robust result can be achieved by using an iterative technique called a Monte Carlo simulation rather

than developing a complex, full lattice model.

• Constructing and implementing assumptions in a BOPM model may be time consuming as compared to
directly inserting inputs in the BSM.

• Since assumptions are manually inputted at every stage and remain subjective to every company, executing
the same may result in complex calculations and is prone to error.
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