OPTIONS
The main topics discussed are:

1. Review of Basic Concepts 

2. Valuation of options 
3. Options as a form of investment

4. Options as a means of risk hedging

5. Trading Strategies with Options

Reading references


BKM - Chapters 20 and 21 (omit 21-3)


Pierson, Bird, Brown - Chapter on options


John Hull - Introduction to futures and options markets


1. Terminology and basic concepts
Call Options 
A call option (on a stock) gives the holder of the option the right to buy the underlying stock, at a specified price (the exercise or strike price) on or before a specified date (the expiration date). 

Example:

Jack buys a call option contract on 1000 BHP stocks with an exercise price of $20 per share and an expiration date of 20 September.  This means Jack is entitled to buy 1000 BHP stocks at $20 per share on or before 20 September from the seller of the option.

Put Options

A put option gives the holder the right to sell the underlying stock at a specified price (the exercise price) on or before the expiration date. 

Example:

Mary buys a put option contract on 1000 BHP stocks with an exercise price of $20 per share and an expiration date of 20 September. Mary is entitled to sell 1000 BHP stocks at $20 on or before 20 September to the seller of the option.

American style options

Options that entitle the holder to exercise the option at any time on or before the expiration date.

European style options

Options that can only be exercised on the expiration date are European  style options. Most options traded in Australia are of the American type. 
The writer (seller) of options and the buyer (holder) of options 

In the case of the BHP call option, if the call buyer exercises the option, the seller should stand ready to sell the stock at $20 irrespective of the current market price of the stock. Similarly, the writer of the BHP put should stand ready to buy the stock at $20 from the put buyer if the buyer exercises the put. 

Long versus short position in an option
An option buyer has a long position in the option, while an option seller has a short position in the option.

The value of a Call option at expiration
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The value of a call option at expiration is given by 



C =
Max(0, St - X) 

Example

If the market price of BSP stocks is $23 at expiration on 20 September, would Jack exercise his $20 call option? What is the value of the call to him?  

In-the money options


The holder will only exercise an option if the underlying asset price is more favourable than the strike price. A call option is in-the-money if  S > X.

Out-of-the-money options

If exercising an option would lead to a loss, the option is referred to as being ‘out-of-the-money’. A call option is out-of-the-money if S < X.

At-the-money options

If the underlying price is the same as X, the option is ‘at-the-money’.

The value of a Put option at expiration
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The value of a put option at expiration is given by 




P = Max(0, X - St) 

Example

On 20 September would Mary exercise her $20 put option? What is the value of the put to her? 
The Option Premium

The cost or market price of an option paid by the option buyer to purchase the option.

The Profit/Loss Diagram of Options at expiration.

Long Call

A call would only have a value at expiration if the value of the asset exceeded the exercise price.  If we wish to determine the profit at expiry of a bought call we need to take into account the option premium.








If the market price of BSP stocks is $23 at expiration on 20 September, and if Jack purchased it at $ 2.00 three months ago, how much profit/loss is he making on the option investment?
Short Call

A short call is a sold call option and the risk/reward profile is opposite to that of the option buyer.







Long Put
A put premium is paid when buying a put option. The profit/loss diagram is as follows:






On 20 September would Mary exercise her $20 put option if the market price of BSP stocks is $23 at expiration? What is her profit/loss if she paid $ 0.50 for the put?
Short Put

A short put is where we sell the put option.  The profit/loss diagram is the opposite of that of the put buyer.







The Intrinsic value and Time value of options

The difference between the underlying stock's market price and the strike price of an in-the-money option is its intrinsic value. Intrinsic value reflects the value of the option when the option is exercised.  




Intrinsic value  = Max(0, St - X) 

The difference between the option's market price (option premium) and its intrinsic value is its time value.
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Example

On the 31 July the call option on BHP stock has a market value of  $1.50 and BHP stocks are trading at $21. What is the intrinsic value and the time value of the call option? Would Jack exercise the call? What happens to time value as expiration date approaches?  


2. Option Valuation
Factors influencing the Price of an Option
Although supply and demand ultimately determines the price of an option, there are six major factors that influence the price:
· the price of the underlying asset
· the exercise price of the option

· time left until maturity

· volatility of the price of the underlying asset

· current interest rates

· any monetary return from holding the underlying asset

VALUING call options with the Black - Scholes option pricing model

Assumptions of model

The underlying stock doesn't pay dividends

Rates of return on stock is normally distributed

Volatility of stock returns is constant over time

Stock price is continuous (no sudden jumps)
Notation

Let
k
= exercise price of call option


St
= current stock price


r
= risk free rate


t
= time to expiration (in years)


(
= std. deviation of stock returns


N(x)
= Cumulative normal probability of x

Then the call value Ct at any time t is given by
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Example:

Let
Current stock price St = 60


Exercise price k = 50


Time to expiration  = 4 months  t = .333


Risk free rate r =  .07


variance of the stock return (2 = .144

Find the theoretical value of the call option.

Using the Black - Scholes formula
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 =  1.046 


d2 =  1.046 - (.144).5(.333).5   =  .827


N(1.046)  =  .853


N(.827)  =  .796

Then 
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=  12.29

(Note:  e = 2.7168)

Estimating implied volatility of the stock price from the BS option pricing model

Insert the observed market price of the call option as the solution to the BS formula. 

Consider the variance of the stock price as an unknown variable in the formula.

The solution of this value is the implied volatility of the stock price. 
VALUING PUT OPTIONS USING THE PUT-CALL PARITY THEOREM

Once the call value is computed from the B-S option pricing formula, the put value can also be computed theoretically from the put-call parity theorem.

Deriving the PUT-CALL PARITY 

(1)  Form a portfolio as follows


Buy a share of stock for St, sell a call on the stock and buy a put on the stock both with the same exercise price, k. 

Let call premium = c and put premium = p

(2) consider the possible payoffs at expiration of each of the securities








If St < k
If St > k


stock
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ie. the payoff is identical whatever the outcome of the stock price

(3) The value of the portfolio at time of purchase




St - c + p

(4)  The invariant payoff k means that the portfolio is riskless.  Then the present value of the payoff discounted at the riskfree rate must equal the value of the portfolio at the time of purchase.




St - c + p
=  k. e -r.t




or
  p
=  c  -  St +  k. e -r.t

3.
Investing with Options

The Leverage Effect

Options cost much less than the underlying stock. If the stock price increases, the proportionate increase in the value of the option is greater than the proportionate value increase in the stock. Options can therefore provide leveraging effect.

Example:

On 31 July call options on BSP stocks exercisable at $20 have a market value of $1.50 and BSP stocks are trading at $21. In September the stock price is $25

Rate of return from buying the stock = (25-21)/21 = .1905

Rate of return from buying the call = (25-20-1.5)/1.5 = 2.32

The Synthetic long position

Combining a long call and a short put with the same exercise price results in a 'stock buy and hold' position.

(Graphs show the profit/loss at expiration of option)
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4.  Risk Hedging with Options

(a) A Protective Put  ( portfolio insurance)

     purchasing simultaneously a put option and the underlying stock 


put premium = po   Exercise price = k
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Profit/loss on stock =  P1 = St - So
Profit/loss on put   =  P2 = Max(0, k - St) - po 

combined profit/loss =  P  = Max(0, k - St) - po + St - So
(b) A Covered Call Option

Purchasing the stock and writing a call option on it

call premium = Co  Ex. price = k  stock purchase price  = So



[image: image11.wmf]St

P

stock

coverd call

short call

So

Co

k


(c) A collar

The long share is combined with a long put and a short call

Profit/loss on stock =  P1 = St - So
Profit/loss on long put   =  P2 = Max(0, k1 - St) - po 

Profit/loss on short call   =  P3 = co - Max(0,  St – k2) 
Combined position: P = St – So+ Max(0, k1 - St)–po + co -Max(0,  St - k2)
Delta hedging: Creating risk free hedges with stocks and options 

Delta

Delta of a call or put option is the rate of change of the call or put price  as the stock price changes slightly. 

The delta (

) of a call is given by:
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As the price of the share (S) increases, so does the delta of the call. 


[image: image13]
Call deltas have the following characteristics:

· call option deltas have positive values between 0 and 1 (ie. if asset price increases, the call option value must increase) 

· out -of-the-money call options may have very low delta, close to zero, an option very much in-the-money will move exactly in line with the asset price (ie. close to 1)

The delta of a put is:
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The delta of a put is negative and has values between -1 and 0.

As the price of the share increases, the delta of the put becomes less negative. 

Delta hedging with Calls

Risk free hedges can be created by combining long stocks with short calls or by combining short stocks with long calls.

The number of units of the stock that must be bought for each option shorted is given by the delta.

Conversely, the number of calls to be shorted for each share held is given by 1/delta.

Example

It is observed that the price of a share is $1.50 and the call price of the share is $0.30.  An investor has sold 20 call option contracts. If at these prices the delta of the call option is .6, how many shares must be bought to hedge the investment?



.6 x 20 = 12 shares

Delta hedging with puts
Risk free hedges can be created by combining long stocks with long puts or by combining short stocks with short puts.

The number of units of the stock that must be bought for each option bought is given by the delta.  Conversely, the number of puts to be bought for each share held is given by 1/delta.

5. Trading Strategies with Options

(a) Spreads

An investment composed of simultaneously taking positions in two or more options of the same type (either calls or puts) written on the same stock.

 (i) Price (or money) spreads (vertical spreads) - long and short options of the same class of options with different exercise prices but the same expiry date.

(ii) Calendar (or time) spreads (horizontal spreads) - long and short options of the same class of options with same exercise price but different expiry dates.

A bullish spread (vertical spread)

Buying a call option with a low exercise price and selling a call option with a high exercise price. For example, buy a call option with an exercise price of $50 for $4 and sell a call option with an exercise price of $55 for $2. 
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P = Max(0, St - 50) - 4 - [ Max(0, St - 55) - 2 ]

suppose St = 52

P = (52 - 50) - 4 - [ 0 - 2 ] = 0

suppose St = 55

P = (55 - 50) - 4 - [ 0 - 2 ] = 3

Butterfly spreads
A position in four options with three different exercise prices. 
For example, buying a call option with a relatively high exercise price, and a call with a relatively low exercise price and selling two calls with an exercise price in between the two.
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(ii) Calendar Spreads
Calendar spreads are options which have the same exercise price but different expiration dates.

A calendar spread can be created by selling a call option, and buying a longer-maturity call option with the same exercise price.
Example:

In January ABC stock is selling at $4 and the June maturity call options on ABC stock with an exercise price $4 are selling at $0.40 while the September maturity calls are selling at $0.55. In May ABC stock is at $3.80 and the June call is at $.01 and the Sept. call is at $.30. 

In January:  Buy a Sept. call and sell a June call




Net cost = .55-.4 = .15

In May : Buy a June call and sell a Sept. call




Net gain = .01 - (-.3) = .29

Net profit = .29 - .15 = .14

(b) Combinations  - Taking simultaneous positions in calls and puts written on the same stock.
Example – A long straddle

Created by simultaneously buying calls and puts with the same exercise price and same times to expiration. 
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P = Max (0, St-50) -c0 + [Max(0,50-St) -p0]

If St< 50  
P = 0, -c0 + [50- St -p0] = 50-St-p0-c0
If St> 50  
P = St-50 -c0 + [0 -p0] = -St-50 -p0-c0
Strangles

A long strangle is created by simultaneously buying calls and puts with differing exercise prices but same times to expiration.
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