
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SECURITY VALUATION 
 

Option Pricing 
 

C.F. Agar 7 October 2026  



chris.agar@pudgid.co.uk                                                                                                      chrisagar.co.uk  
 

CONTENTS 

 

Option Features ................................................................................................................................................... 1 

Pricing Approach .................................................................................................................................................. 1 

Pricing Relevance ................................................................................................................................................ 2 

Employee Stock Options ..................................................................................................................................... 3 

Features ........................................................................................................................................................... 3 

Fair Value Estimation ...................................................................................................................................... 3 

Recognising the Option Expense under IFRS ................................................................................................. 4 

Taxation of Options (UK) ................................................................................................................................. 5 

 

Appendix 1:  Option Pricing Models ........................................................................................................... 7 

Pricing without Dividends ................................................................................................................................... 7 

Single Step ...................................................................................................................................................... 7 

Binomial Model ........................................................................................................................................... 7 

Black-Scholes Model .................................................................................................................................. 9 

Multi-Step ...................................................................................................................................................... 11 

BM-BSM Convergence ...................................................................................................................................... 12 

Pricing with Dividends ....................................................................................................................................... 15 

Monte Carlo Simulation .................................................................................................................................... 17 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 



chris.agar@pudgid.co.uk                                       1                                                                chrisagar.co.uk  
 

SECURITY  VALUATION 

Option Pricing 

 

Introduction 

 

Financial risk management, employee remuneration, strategic investment decision making and the pricing 

of certain funding instruments may involve the use of options (interest rate options, employee stock options, 

real options and bonds with embedded options, respectively). This paper discusses basic option features 

(‘plain vanilla’ rather than ‘exotic’ options) and pricing methods (‘Binomial Option Pricing’, ‘Black-Scholes 

Model’, ‘Simulation’). 

 

Option Features 

 

In return for the payment of a ‘premium’ (the ‘fair value’ of the option), a purchaser becomes owner of an 

option that gives them the right (without any obligation) to buy (‘Call’ Option / ‘CO’) or sell (‘Put’ Option / 

‘PO’) an asset, or lock into a rate (interest rate or currency exchange rate, for example) at a stated price or 

rate (‘exercise’ or ‘strike’ price) at some future specified date (‘exercise date’) before such a right expires 

(‘expiry date’). The exercise date may be at any time up to and including expiry (‘American’ option), only on 

specified dates (‘Bermudan’ option) or on expiry (‘European’ option).   

 

With a stock option, a CO holder would benefit if the stock price increased above the exercise price, 

sufficiently to cover the premium cost: the option would be exercised, the stock purchased at the lower 

exercise price and immediately sold at the higher market price (profit = sale price – exercise price – option 

premium, ignoring taxes). A fall in the stock price could make a profit for a PO holder: the stock would be 

purchased at the lower market price and immediately sold at the higher exercise price (profit = exercise 

price – stock price – option premium). The discussion that follows will concentrate on COs. 

 

Pricing Approach 

 

If a CO could only be exercised immediately after it was purchased, the premium (‘P’) paid to acquire the 

option would be its ‘Intrinsic Value’  (‘IV’),  S – X (where S is the stock price and X the exercise price), so 

that the total cost to acquire the share (P + X) was the same as if purchased in the market (S). The option 

would be ‘In-The-Money’, since an immediate profit could be made (ignoring the premium).  If the share 

price was less than the exercise price, the CO would be ‘Out-Of-The-Money’ and worthless. 

 

 

 

 

 

 
1 This is a new version of a paper originally dated 19 May 2026. 

C.F. Agar 7 October 20261 
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Of course, a CO would be purchased in the hope that an unlimited ‘payoff’ could be achieved as the stock 

price increased. At any given date during the term, the fair value of the option will equal its value if 

exercised immediately (IV) plus an extra value component (‘Time Value’) equal to the ‘Present Value’ / ‘PV’ 

of the expected incremental value from waiting until a later date in the hope the stock price rises: 

 

Option Premium (Value)  =  Intrinsic Value  +  Time Value 

 

The future payoff from delaying an exercise depends on how the stock price is expected to change over the 

term. If the stock price falls below the exercise price, its IV will be zero. An option pricing model forecasts 

future stock prices at various dates until the expiry date, assuming some probability distribution for those 

prices, and sets the payoff to zero in scenarios where the stock price is below the exercise price (when the 

option would not be exercised, and the loss suffered would be the premium paid).  

 

Option pricing models, generally: 

 
 forecast a range of stock prices at future exercise dates, assuming some probability distribution and 

degree of price variability (volatility); 

 
 only consider future scenarios where the option is in the money (forecast prices that give a positive IV); 

 
 calculate the PV of the future positive IV scenarios, weighted by the probability of their occurrence. 

 

The two basic models take different approaches to forecasting stock prices, whether ‘jumping’ over some 

‘discrete’ time interval (day, week, month etc) or continuously changing. 

 

Pricing Relevance 

 

The fair value of an option, as estimated by an option pricing model, is required for several purposes: 

 
 Measurement of the grant-date fair value of employee options and other share-based payment 

transactions recognised under IFRS 2 for financial reporting purposes. 

 
 Valuing a pool of existing options at the date a business is valued using DCF techniques, in order to 

allocate equity value to ordinary shareholders and option-holders. 

 
 Valuing complex capital structures that have instruments with embedded options and different rights 

(see article ‘Security Valuation – Using the Option Pricing Method for Complex Capital Structures’). 

 
 Determining the value attributable to options embedded in financial instruments, such as convertible 

bonds, convertible preference shares and callable bonds (see the article ‘Security Valuation – 

Convertible Bond Pricing’). 
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 Determining the value of any managerial decision-making flexibility when making capital investment 

decisions that involve expansion, delay or abandonment ‘real’ options. 

 

Employee Stock Options 

 

Features 
 

Call Options may be granted to employees as part of their remuneration, with or without ‘vesting’ conditions 

that need to be fulfilled before the option ‘vests’. Vesting conditions may require the employee to remain 

employed for a minimum length of service (‘Service Conditions’). They may also have a condition that 

certain internal financial metrics are achieved (‘Non-Market Performance Condition’) or that the company 

share price reaches a stated level (‘Market Performance Condition’). If these conditions are not met, the 

options are forfeited. If the options vest but are not exercised before the expiry (say 7 – 10 years), they 

lapse and are cancelled. Vesting can take place over time or immediately on some date (‘cliff’ structure). 

 

The exercise price may be set at the fair value or market price of the underlying shares at the date they are 

granted (‘at-the-money’), although it could be variable and depend on a measure of the stock price in the 

future (e.g. moving average or maximum over some period) or even zero.  Exercising the option is usually 

the only way an employee can benefit financially from holding the option, since employee options are 

usually non-transferable and cannot be sold. 

 

Fair Value Estimation 
 

Estimating the fair value (‘FV’) of employee stock options using an option pricing model like the Binomial 

Model (‘BM’) (or ‘Lattice’ model) or Black-Scholes Model (‘BSM’) is made complicated by the following: 

 
 The earliest date an employee can exercise the option may depend on contractual vesting conditions.  

 
 The post-vesting date when the employee actually exercises the option will depend on when they decide 

to exercise, so an option model needs to estimate the expected term of the option based on an 

assumption about exercise behaviour. Options vested at the valuation date could be exercised 

immediately (if in-the-money), evenly between the valuation and expiry dates (on average at the mid-

point), on expiry or according to some other method. 

 
 Options may be grouped into ‘cohorts’ that share similar features, allowing valuation for the whole 

cohort without any material difference compared to pricing each option separately. 
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Option valuation may require an allowance for dilution, if exercising them creates additional shares. 

Damodaran’s warrant model (https://pages.stern.nyu.edu/~adamodar/pc/warrant.xls) adjusts the model 

input share price to:  

 
Adjusted share price   =   shares outstanding x share price + options x value per option  

                                                                                  shares outstanding + options 

 

The calculation is iterative because the adjusted stock price depends on the option value, which itself 

depends on that input. For example, assume a company with an equity DCF value per share of £10.00 

(equity DCF £100m, outstanding shares 10m) grants 1m options with an average exercise price of £8.00 (5 

years to expiry, 40% annual volatility, 5.0% risk-free rate, 1.00% continuous dividend yield), the option 

value calculated is £4.2268. The adjusted stock price to be input into the model is £9.4752. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Recognising the Option Expense under IFRS 
 

Under IFRS 2, the FV of the equity-settled share-based payment is measured at the grant-date (use of the 

BM or BSM is permitted) and is not subsequently re-valued (cash-settled liabilities are remeasured).  The 

option FV is expensed to profit and loss over the vesting period (with a corresponding increase in equity), 

depending on the proportion of options expected to vest (the allocation is intended to match the period over 

which the employee services are provided). If there are no vesting conditions, the option FV is immediately 

recognised in full. 

 

Only Market Performance Conditions and non-vesting conditions are considered when estimating the option 

FV, typically using the BM or Monte Carlo simulation, as the BSM cannot normally accommodate them. 

Service and Non-Market Performance Vesting Conditions are incorporated via an adjustment to the number 

of options and do not affect grant-date FV (‘modified grant-date’ method) (IFRS 2 paras. 19-21A). 
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An estimate of the proportion of options expected to vest (for example, some employees may leave, so the 

options never vest) is made on each reporting date during the vesting period. In the first year the charge will 

be the vesting fair value (option FV at grant-date x options granted x % expected to vest) divided by the 

vesting period in years. If the expected vesting proportion is constant, the annual charge will be constant.  

If the second-year expectation changes, the second-year charge will differ (the first year charge is not 

affected), so a cumulative catch-up adjustment is made in that year. In the final year, an adjustment is made 

to ensure the actual number of options vesting is accounted for (see examples in EY (2026) §6.2.1.A ch.30). 

 
Taxation of Options (UK) 

 

In the UK, the granting of an option over shares would, if the qualifying conditions are met, enable the 

company to deduct an amount for corporation tax, but only if the option is exercised and the employee 

obtains beneficial ownership of the shares. Relief is given on ‘an amount equal to the market value of the 

shares when they are acquired, less the total amount or value of any consideration given by any person in 

relation to the obtaining of the option or to the acquisition of the shares….’ [s1018 Corporation Tax Act 

2009] (although some ‘restricted’ and convertible securities have a different relief provision). ‘The relief is 

given for the accounting period in which the shares are acquired...as a deduction in calculating the profits 

of the qualifying business for corporation tax purposes….’ [s1021 Corporation Tax Act 2009] ‘The statutory 

deduction overrides the accounting treatment’ (HMRC Business Income Manual BIM44265). No deduction 

is available for the IFRS 2 accounting expense itself [s1038 Corporation Tax Act 2009]. 

 

The expense charged to the income statement for the fair value of employee stock option grants (allocated 

over the vesting period under IFRS 2) differs from the amount deductible for tax purposes, which will arise 

in later periods when the options are exercised (the tax deduction being the intrinsic value at the exercise 

date: share price less exercise price, as discussed above). There may be a mismatch between the accounting 

and taxable profits, requiring a deferred tax adjustment (see the article ‘Business Acquisitions: Taxation 

(UK) & Reporting (IFRS)’ for a discussion of deferred tax).  A deductible temporary difference will arise as 

the carrying amount is nil and the tax base is the amount deductible in future periods for employee services 

rendered to the reporting date (the deferred tax asset equals the tax rate x tax base in this case) [see EY 

(2026) §10.8 ch.29]. 

___________________________________ 

 
Copyright © 2026 Christopher F. Agar 

 

The information contained in this article has been prepared for general information and educational purposes only and should not be 

construed in any way as investment, tax, accounting or other professional advice, or any recommendation to buy, sell or hold any security 

or other financial instrument. Readers should seek independent financial advice, including advice as to tax consequences, before making 

any investment decision.  

 

While the author has used their best efforts in preparing this article, they make no representations or warranties (express or implied) 

with respect to the accuracy, completeness, reliability or suitability of the content. The content reflects the author’s own interpretation of 
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financial theory, accounting standards and tax requirements. The author accepts no responsibility for any loss which may arise, directly 

or indirectly, from reliance on information contained in the article. 

 

All content is the copyright of the author except where stated and a source is acknowledged. The whole or any part of this article may 

not be directly or indirectly reproduced, copied, modified, published, posted or transmitted without the author’s express written consent. 
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Appendix 1:  Option Pricing Models 

 

Pricing without Dividends 

 

Single Step 
 

Binomial Model 
 

The most common discrete version of the models is the ‘Binomial’ Model (‘BM’). In the BM it is assumed 

that, over a single time step, the current price of an asset (S0) can increase by a factor ‘u’ (Su1 = u.S0) or 

decrease by a factor ‘d’ (Sd1 = d.S0) with true probabilities of p* and 1 – p*, respectively (the sum of all 

probabilities of possible states at any time must equal 1). S0 will therefore be the expected price at the 

next step S1 (probability weighted price) discounted at the risk-adjusted rate (i.e. cost of equity). In order 

to value the option payoff using the risk-free rate (used in the Black-Scholes Model), an adjustment is 

made to the true probabilities to obtain a market-value ‘Certainty Equivalent’ / ‘CE’: 

 
                              Payoff    x   true probability          =            Payoff   x    ‘Risk-neutral’ probability 

                                   1  + risk-adjusted rate                                           1  + risk-free rate 

 

               S0    =          u. S0 . p* + d. S0 (1-p*)              =                      u. S0 . p + d. S0 (1-p) 

                             1 + Rfd + implied risk premium                                         1 + R fd 

 

Where: 

p*  true probability 

p  risk-neutral probability  

Rfd Risk-free rate (discrete rate) 

 

Taking a simple one step / two state example, assuming the exercise price is the grant-date market price 

(X = S0 = 150.00), time to expiry 1 year, volatility 40.0%, and the discrete Risk-free rate 5.13%2 (and an 

implied risk premium of 2.98% - equal to 0.662 geared beta x 4.50% market equity risk premium under 

CAPM – giving a required return on the share of 8.11%), using the approach of Cox, Ross & Rubinstein 

(1979) and ignoring dividends for now, the up and down factors u = 1.4918 (= e40% x t) and d = 0.6703 

(=1 / u), would give up and down asset prices of Su1 = 223.77 and Sd1 = 100.55.  Assuming these up and 

down states have an equal true probability (p* = 0.5): 

 
2 The relationship between the discrete rate (Rfd) 

and continuous rate (Rfc,) is Rfd  = ( eRfc  - 1 ) and Rfc 

= ln (1 + Rfd) where ‘e’ is 2.71828  and ‘ln’ the 

natural logarithm. For example, a 5.0% nominal 

rate continuously compounded would give an 

effective annual rate of 5.1271% 

 

Certainty 

Equivalent 

Price 
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150  =  (1.4918 x 150  x 0.5  +  0.6703 x 150 x (1 – 0.5))  =  (1.4918 x 150 x 0.4637 + 0.6703 x 150 (1 – 0.4637))                                            

                                1 + 5.13% + 2.98%                                                          1 + 5.13%  

 

150  =                        162.16                                           =                     157.69 

                                1 + 8.11%                                                             1 + 5.13%  

where  

p      =                   (1 + Rfd – d)                                   =        (1 + 5.13% - 0.6703)              =          0.4637 

                                  (u – d)                                                  (1.4918 – 0.6703) 

 

The expected price using risk-neutral probabilities (157.69) is the certainty equivalent price. The up and 

down factors depend on how volatile the asset price is expected to be over the period to expiry (measured 

as the standard deviation of returns). The more volatile the asset returns, the greater the likelihood the 

asset price will increase above the exercise price (for a CO), increasing the option FV. How this volatility 

is incorporated in u and d depends on the method chosen (the CRR method is used above, but there are 

others such as Jarrow and Rudd (1983)). 

 

The expected price using risk-neutral probabilities (Pu,Pd) would suggest a modest IV of 7.69 (=157.69 – 

150.00), however this is not the expected option payoff since it ignores the fact that the down-state price 

would have zero IV when the call option would be worthless (out-of-the-money). The asset prices and IV 

at the up and down states are: Su1 = 223.77 (=150.00 x 1.4918), IVu1 = 73.77 (=223.77 – 150.00), Sd1 = 

100.55, IVd1 = 0 (= max {0, 100.55 – 150.00}). The down state has zero option value (its IV is zero), so that 

the option value is calculated as: 

 

32.54     =       IVu Pu + IVd Pd                        =        73.77 x 0.4637  +   0.00 x (1 – 0.4637) 

                                                 1 + Rfd                                              1 + 5.13% 

 
 

 

 

 

 

 

 

 

 

 

 

 

The same call option price can be calculated in terms of a replicating portfolio approach. If the seller  

receives the 32.54 option premium and borrows 57.26 (at the Risk-free rate) to buy a hypothetical 0.5987 

fraction of a share for 89.80 (= 0.5987 x 150.00 share price at T0), its net position in the two up and down 
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states would be zero: if the option is exercised for 150.00 in the up state, the writer receives the 150.00 

exercise price, repays the loan with interest (60.20 = 57.26 x 1.0513) and uses the remaining 89.80 to 

buy the missing 0.4013 fraction of a share needed to deliver a whole share (=0.4013 x 223.77); if the 

option is not exercised in the down state, the writer would sell the stock for 60.20 (= 0.5987 x 100.55) 

and pay off the loan. The call option value (32.54) equals the cost of the share (89.80) less the loan 

(57.26), or, in terms of the current share price S0 

 

Call option (32.54)      =     S0   x      -   B     =    150.00  x   0.5987 –   57.26 
Where: 

 

   ('Hedge Ratio') =          IVu – IVd                                       =               73.77   –    0.00   

                  S0 (u – d)                                                   150 (1.4918 – 0.6703)    

 

B   Loan     =     ( d x IVu – u x IVd )   x       1             =             (0.6703 x 73.77)  -   0     x        1    

                                                     (u – d)              (1 + Rfd)                         (1.4918 – 0.6703)              1.0513 

 

Black-Scholes Model 
 

The well-known Black-Scholes Model (‘BSM’) (a derivation can be found elsewhere) is the continuous 

time version of the BM, and attempts, like the BM, to estimate future probability weighted expected 

prices and positive payoffs. It assumes the option can only be exercised at expiry (European Option), 

unlike the BM which allows American options exercisable at any date. 

 

The BSM is based on the replicating portfolio approach and for a call option can be shown as: 

 

Call option     =     S0   x      -   B 

 
     where                     N (d1) 

         B              PV of Exercise Price  x  N (d2) 

 

Black-Scholes Model (no dividends) 
 

 

          Call option value    =      S   N (d1)        -     X e -rT N (d2) 
 

           Put option value      =     Xe -rT N (-d2)   -     S   N (-d1) 
 

S Current stock price 

X Exercise Price  

T Time to maturity 

r Risk-free rate (continuously compounded)  

e The base of natural logarithms, constant = 2.71828 ….. 

                 Xe –rT The amount of cash needed to be invested over a period of time T at a continuously 

compounded interest rate r in order to receive X at maturity (i.e. it is the PV of the 

exercise price continuously discounted at the Risk-free rate). 
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   d1             ln (S / X)  +  ( r + 0.5 2 )T     =    ln (S / X)  +  rT    +    0.5  T 

                                                          T                  T    

 

d2             ln (S / X)  +  ( r - 0.5 2 )T      =    d1   -      T 

                T 

  

where  is the annualised standard deviation of logarithmic stock returns 

  

N(x) The cumulative probability function for a standardised normal variable: 

N(d1)  Call option delta (hedge ratio).   

N(d2)  Risk-neutral probability of exercise.  X e -rT N (d2) represents the PV of the price 

paid to acquire the share. 

 

The BSM uses logarithmic returns and defines the relationship between the current price and exercise 

price in terms of ln (S0 / X), adjusting this to estimate the forward value by the Risk-free rate of return. 

 

Using the example for the BM, we can value the option assuming exercising occurs after 1 year. The call 

option value is 27.0344, lower than the 32.5421 BM figure because the simple one step model is  a  poor 

approximation to the continuous stock price distribution assumed in the BSM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The value of the call option will increase as: share price  (measured by delta), volatility (vega), time 

to expiry   (theta – change in value as time-to-expiry shortens), Risk-free rate (rho), and the lower the 

fixed exercise price and dividend yield (assumed nil in this example). 

 

As the number of time periods in the BM increases, the option value converges to the BSM. To equate 

the BM to the BSM, the time steps in the BM need to be increased significantly, which requires the use 

of a multi-step tree. 
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Multi-Step 
 

A ‘Binomial Tree’ (or ‘Lattice’) shows expected stock prices, Intrinsic Values and option values for each 

period until expiry. At the end of each stock price path (a ‘node’ – for example, the up and down state 

nodes in the above single period example), the stock price can increase or decrease at the next time 

period, so that the number of price paths doubles each period (2n paths after n periods). The tree 

recombines as u x d = 1, so that there are only n + 1 nodes after n periods (trinomial models add a third 

path between the up and down binomial states). If the option can be exercised at any date before expiry 

(American option), the value at each node will be the Intrinsic Value at that node or, if higher because of 

time value, the present value of the risk-neutral expected option value at the next period (the ‘Continuing 

Value’): 

 
Continuing Valuet  =          p x (Option Valuet+1u) + (1 - p) x (Option Valuet+1d)

                                     1 + Risk-free rate (Rfd) 

 

At the final time period tn (the expiry), the option value will simply be max {0, Sn – X} i.e. the IV or zero 

as for the one period example above.  For a European option, the value at any time-period before expiry 

will be the Continuing Value, since it cannot be exercised until expiry. Using the same information, but 

assuming the 1-year period is divided into 6 time steps, the following tree and an option value (26.0852) 

are shown: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

If the IV = 0 (share price at or below 150.0 exercise price) 

and time value is 0, the option value is zero. These nodes 

(shaded) are ignored in the option value calculation. 
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A European Call Option on a non-dividend paying stock should have the same value as its American 

counterpart, as it would never be optimal to exercise the latter early (this is not the case if dividends are  

paid, as discussed below). For illustrative and modelling purposes, the above tree is normally presented 

in the following layout: 

 

 European & American Option 
(no dividend 26.0852) 

A European option cannot be exercised before expiry, so the option value will 

reflect its continuing value. 

Option worthless 0.00 
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BM-BSM Convergence 

 

The call option value calculated above (26.0852) can be calculated using the Binomial distribution, a 

discrete probability distribution which measures the number of successes (probability ‘p’) and failures 

(probability ‘1-p’) in a sequence of independent trials.  The call option can be valued as: 

 
 

           C0   =   S0     x                A      x         undT-n                -              X          x                   A 

                                                (1+  r)T                            (1+ r)T                                  

 

 

 

 

Where: 

A     =                          T!        pn (1-p)T-n            =     possible combinations  x  probability of each path 

                      n! (T-n)!                                             

 

Each node can be reached via T! / [ n! (T – n)! ] possible paths, where T is the number of time steps, r the risk-

free rate per step and n the number of up moves. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PV of expected stock price at each node, 

where exercising the option is optimal 

(probability weighted). 

PV of exercise price at each node 

where exercising is optimal 

(probability weighted). 

T 

Σ 
n=a 

T 

Σ  
n=a 
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The Excel function can also be used: 

 

 

 

 

 

 

 

 

 

 

 

 

 

The number of time steps can be increased to check convergence to the BSM, here up to 1000 time steps 

(the 1-step tree (32.54) overstates the BSM value (27.0344) by about 20%, so many more time steps are 

required before the binomial value can be relied on): 
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Pricing with Dividends 

 

Dividends reduce the value of a call option since the share price falls by the amount of the dividend when 

the share goes ex-dividend and the option holder does not receive the cash payout. One method of 

incorporating dividends into the BM is by assuming they are paid at a continuous yield (q%) and adjusting 

downwards the risk-neutral probability to p  =  (e (r – q) t –  d) / (u  - d). Dividends can make early exercise 

worthwhile for an American option, which the BSM cannot capture in its basic form. Using the 6 period 

example, assuming a 6.00% annual dividend yield (1.00% each time step), the option value reduces from 

26.0852 to 20.8882 for a European option and 21.5364 for an American option: 
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The BSM incorporates a continuous dividend yield as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

European Option 
(dividend 20.8882 vs. no dividend 26.0852) 

American Option 
(dividend 21.5364 vs. no dividend 26.0852) 

Option worthless 0.00 

Early exercise worthwhile (O = IV) 0.00 

A European option cannot 

be exercised before expiry 

(the IV is set to zero for 

modelling purposes) 

This simple 6-step model 

should not be compared 

to the more accurate 

BSM value below, but is 

used to illustrate the 

effect of dividends 
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Monte Carlo Simulation 

 

The BSM assumes the stock price follows a ‘stochastic’ process (geometric Brownian motion) and grows 

at its expected rate of return plus a random element determined by its volatility. Because the option can 

be replicated by a hedged position in the stock and borrowing, it can be valued as if investors are risk-

neutral, with the stock price growing at the risk-free rate (r – q where a continuous dividend yield is paid) 

and the resulting payoff discounted at the risk-free rate. 

 

The stock price at a future date can be simulated as: 

 

                St     =       S0e [ (r – q - 0.52)t + t Z]  
Where: 

 
St, So Share price at time t and 0 

r Risk-free rate (continuous) 

q Continuous dividend yield 

 Volatility 

t Time from the valuation date (time to expiry for a European option) 

Z Random variable that follows a standard normal distribution (= NORMSINV(RAND()) using Excel) 

 

The - 0.52 term adjusts the expected return to the expected logarithmic return (see the example on p.14, where 

the discrete mean return is 5.13% and the continuous mean is -2.98%, which converges to -3.00% (= 5.00% 

continuous return – 0.5 x 40%2) ). 

 

The share price equation can be run over as many simulated price paths as required, and for each predicted 

stock price the payoff can be calculated as for a European Option in the Binomial Tree (=MAX {share price 

– exercise price, 0}).  The average payoff discounted at the risk-free rate gives an estimate of the call price, 

which converges on the BSM value (27.0344) as the number of simulated paths increases. 

 


