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u = e(r−δ)h+σ
√

h

d = e(r−δ)h−σ
√

h

I r : continuously compounded annual interest rate.
I δ: continuously dividend yield.
I σ: annual volatility.
I h: the length of a binomial period in years.
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Continuously Compounded Returns

rt,t+h = ln (Sth/St)

St+h = Stert,t+h

rt,t+nh =
n∑

i=1

rt+(i−1)h,t+ih

Go over 3 examples on p. 301
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Volatility

The volatility of an asset is the standard deviation of continuously
compounded returns.

I A year is dividend into n periods (say, n = 12) of length h = 1/n.
I Let σ2 be the annual continuously compounded return.
I Assuming that the continuously compounded returns are independent

and identically distributed
I We have

σ2 = 12× σ2
monthly

and

σh = σ
√

h or σ =
σh√

h
.
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Constructing u and d

With no volatility

St+h = Ft,t+h = Ste(r−δ)h

With volatility

uSt = Ft,t+he+σ
√

h

dSt = Ft,t+he−σ
√

h

⇓

u = e(r−δ)h+σ
√

h

d = e(r−δ)h−σ
√

h
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Estimating Historical Volatility

I Volatility computation should exclude dividend.
I But since dividends are small and infrequent; the standard deviation

will be similar whether you exclude dividends or not when computing
the standard deviation.
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One-period Example with a Forward Tree

Example 10.2-1 Consider a European call option on a stock, with a $40 strike and
1 year to expiration. The stock does not pay dividends, and its current price is $41.
Suppose the volatility of the stock is 30%. The continuously compounded risk-free
interest rate is 8%.

Use these inputs to calculate the followings:

1. the final stock prices uS and dS

2. the final option values Cu and Cd

3. ∆ and B

4. the option price: ∆S + B.
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Solution. In summary:

S = 41, K = 40, r = 0.08, δ = 0, σ = 0.30, h = 1.

S = $41.000

uS = $59.954

dS = $32.903

Cu = $19.954

Cd = $0.000

∆ = 0.738

B = −$22.405

Option price = $7.839

�
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Questions

I How to handle more than one binomial period?

I How to price put options?

I How to price American options?
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