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CHAPTER I 

INTRODUCTION 

Derivatives are financial instruments whose prices derived from the value of 

the underlying. The underlying on which a derivative based on can be the price of 

an asset (commodities, equities, stock, residential mortgages, commercial real es- 

tate, loan, bond), the value of an index (interest rate, exchange rate, stock market 

index, consumer price index). Derivatives are very important especially in finance 

and investment. The typical forms of derivatives traded in the exchange traded 

markets are forwards, futures, options, and swap. Some forms are also traded in 

over-the-counter markets. Options are derivatives that have gained attention and 

popularity and often used for hedging 

An option contract [I] [2] is a financial asset where the price depends on an- 

other financial asset. The word option indicates that the contract has specific 

choices or alternative built in. Options are classified by the right as call or put 

options. In general, a call option is a contract that gives the holder the right, but 

not obligation, to buy a fixed amount of underlying assets at a specified time in 

future for an already agreed price (called strike price or exercise price) from the 

seller (called writer) of the option. Oppositely, a buyer of a put option receives 

the right to sell a fixed amount of assets to the writer of the option for the strike 

price at a specified time. Here the writer of the put option is obliged to buy the 

underlying asset while the holder can decide on selling or not. We also usually 

distinguish between American options and European options. American options 

give the holder the right to exercise (sell or buy) the underlying assets during 



the whole time span of the contract, in contrast to a European option where the 

holder can only exercise his option a t  maturity of the contract. The day when 

option contracts cease to exist is called the ezpimtion date. There exist options 

on several forms of underlying assets, for example, stocks, equities, bonds, goods 

such as oil, corns, currencies, or even options. They are traded in enormous vol- 

umes on stock exchange markets all over the world. 

The main reason for buying options is the possibility to hedge against non- 

favorable price fluctuations of underlying assets. The type of option the holder 

uses for hedging depends on which risks (price increase or price decrease) he hedge 

against. With the help of options risks of future cash flow can be eliminated or 

bounded. The main problem we are facing is reasonable the price of an option the 

price the buyers pay the sellers for such a contract or the premium. Many people 

have tried and produced some valuation methods or formulas to solve this prob- 

lem. However, most of these methods or formulas are not complete and cannot 

be applied since the real world situations are more complicate. 

In 1973, the option pricing formula was introduced and secalled the Black- 

Scholes model [3], has been a great attraction on option pricing and hedging. This 

model is quite popular and influences investors in valuation of pricing for options, 

because it is simple and its parameters are mostly visible, except for the volatil- 

i ty. 

In 1979, John C. Cox, Stephen A. Ross and M. Rubinstein suggested the 

discrete-time pricing model called Standard Binomial Tree (SBT) model [4]. The 

SBT model assumes that the ending-nodal probability distribution is log-normal 

and the transposition probabilities are the same entirely of the tree. The Im- 

plied Binomial Tree (IBT) model (1994, [5]) estimates the risk-neutral ending- 

nodal probability distribution by using the various computational methods. Jens 



Carsten Jackwerth placed the emphasis on the weight function used in the IBT 

model then he proposed the Generalized Binomial Three (GBT) model (1997, 

[6]). The GBT model adjusts the linear weight function used in the IBT model 

by using other weight functions. 

This research concentrates on the three binomial tree models; SBT, IBT and 

GBT, in terms of their pricing and hedging performances. The objective of this 

study is to compare the performances of these three binomial tree models for the 

SET50 Index options. 

In this work the three binomid tree models are applied to SET50 Index o p  

tions. The SET50 Index options are traded in the Thailand Futures Exchange 

(TFEX) which has launched on October 2007 to complement the SET50 Index 

futures. The SET50 Index options offer the investors an opportunity to both 

capitalize on anticipated market movements and limit the risks of adverse market 

direction. Investors can also use the SET50 Index options to protect the value of 

their equity portfolios. This study is the Arat to examine the performance of the 

three binomial tree models for the SET50 index options. 

This rersemch is organized as follows. In chapter 11, we give some literature re- 

views and basic knowledges about option pricing using binomial tree models. We 

explain data and methodology in chapter 111, and discuss the results in chapter 

IV. Finally, the last chapter providm the conclusions and remarks about this work. 



CHAPTER I1 

OPTION. AND OPTION PRICING 

In this chapter, we describe about properties of option and option pricing and 

explain about hedging strategy. 

2.1 Option 

Options are derivative securities derived from underlying assets. Options have 

been traded for centuries, but it was in this century that they gained economic 

importance. They have become especially popular since 1973 when they were 

traded in some organized ways on the Chicago Board Options Exchange. An o p  

tion is a contract between a buyer and a seller, that gives the buyer (holder) the 

right, but not obligation, to buy or sell particular assets (the underlying asset) on 

or before the option expiration time at the agree price (the strike price). 

2.1.1 Classification of options 

classified by the right 

There are two types of options, calls and puts, available in the market when 

they are classified by the right. 

Call option is the contract that gives the buyer (holder) the right to buy 

underlying assets at a specified time in the future. The buyer of the call option 

has the right, but not the obligation to buy an agree quantity of underlying asset 



from the seller of the option a t  the expiration date for the strike price. The seller 

is obligated to sell the underlying asset should the buyer so decides. The buyer 

pays a premium fee for the contract that gives the right. 

Call options are most profitable for the buyer when the underlying asset is 

moving up, making the underlying asset price highter than the exercise price. 

The buyers of call options usually believe that the underlying asset price will rise 

by the exercise time. The profit for the buyer can be very large but is limited by 

how high underlying asset price rises. When the underlying asset price surpasses 

the exercise price, the option is said to be in-the-money. On the other hand, the 

call writer (seller) usually does not believe that the underlying asset price is likely 

to rise. The total loss for the writer can be very large, but is only limited by how 

high the underlying asset price rises. 

Example 2.1.1. Trader A (buyer or holder) purchases a call contract to buy 100 

shares of X corporation from trader B (writer) a t  $50 per share. The current price 

in the stock market is $45 a share, and trader A pays a premium of $500 ($5 a 

share). If the stock price rises to $60 a share right before the expiration, then 

trader A can exercise the call by buying 100 shares for $5,000 from trader B and 

sell them a t  $6,000 in the stock market. 

Trader A's total earnings (P) can be calculated at $500. Sale of 100 stock 

a t  $60 =$6,000 (Q). Amount paid to trader B for the 100 stock bought at strike 

price of $50 =$5,000 (R). Call option premium paid to trader B for buying the 

contract $500 (S). Like this equation, 

However, if the price drops to $40 per share below the strike price, then trader 

A would not exercise the option. Trader A's option would be worthless and the 



whole investment would be lost due to the premium for the option contract, $500 

($5 a share with 100 shares per contract) . Trader A's total loss is limited to the 

cast of the call premium. 

This example illustrates that a call option has positive monetary value when 

the underlying asset has underlying asset price ( S )  above the strike price (K). 

Since the option will not get exercised unless it is in-the-money, the payoff for a 

call option is 

(S - K)+ = max[(S - K) ,  0] (2.2) 

Put option is the contract that gives the buyer (holder) the right to sell un- 

derlying assets at  the specified time in the future. If the buyer uses the right to 

sell the underlying assets, the seller (writer) is obliged to buy it at  the strike price. 

In exchange for having this contract, the buyer pays the writer a premium fee. 

Put options are most profitable far the buyer when the underlying asset is 

moving down, making the underlying asset price drops below the exercise price. 

The writers of put options usually believe that the underlying asset price will rise, 

not fall. The profit for the holder can be very large but it is limited by how low 

underlying asset price falls. When the underlying asset price is lower than the 

exercise price, the option is said to be in-the-money. On the other hand, the call 

writer (seller) usually does not believe that the underlying asset price is likely to 

down. The total loss for the writer can be very large, but is only limited by how 

low the underlying asset price falls. 

Example 2.1.2. Trader A (put buyer) purchases a put contract to sell 100 shares 

of Y corporation to trader B (writer) for $50 per share. The current price is $55 



a share, and trader A pays a premium of $5 per share. If the stock falls to $40 

right before expiration, then trader A can exercise the put by buying 100 shares 

for $4,000 from the stock market, then selling them to trader B for $5,000. 

Trader A's total earnings (P) can be calculated a t  $500. Sale of the 100 shares 

of stock at strike price of $50 a share (100 shares) to trader B = $5,000 (Q). 

Purchase of 100 shares of stock at $40 a share = $4,000 (R). Put option premium 

paid to trader B for buying the contract = $500 (S). This implies, 

If, however, the share price never drops below the strike price (in this case 

$50), then trader A would not exercise the option. Trader A's option would be 

worthless and he would lose the whole investment for the premium fee of the 

option contract, $500. Trader A's total loss are limited to the cost of the put 

premium. 

A put option is said to have intrinsic value when the underlying asset has a 

underlying asset price (S) below the aptisn's strike price (K), the put option is 

said to be in-the-money. Upon exercise, a put option is valued at K - S if it is 

in-the-money, otherwise zero. Prior to exercise, an option has time value apart 

from its intrinsic value. 

classified by exercise style 

The style of an option is a general term denoting the class into which the 

option falls, usually defined by the dates on which the option may be exercised. 

The two great families are European and American. 

European option is an option that can be exercised by only a t  the expira- 

tion date. 



a American option is an option that can be exercise at any time before the 

expiration date. 

For both styles, the pay-off when it occurs is via 

- max [(S - K), 0] , for a call option and 

- max [(K - S), 0] , for a put option, 

where K is the strike price and S is the underlying asset price of the under- 

lying asset. 

The following are examples of other atyles of options besides .the two styles above. 

a A berrnudan option is an option where the buyer has the right at a set 

number of times. 

An exotic option is an option which has features making it more complex 

than commonly traded products. 

A quanto option is an option on some underlying in one currency but paid 

in another currency. The pricing of such options naturally needs to take 

into account the correlation between the exchange rate of the two currencies 

involved and the underlying stock price. 

a An asian option is an option where the payoff is not determined by the 

underlying price a t  maturity but by the average underlying asset price over 

some preset period of time. 

a A lookback option is an option where the option owner has the right to buy 

(respectively, sell) the underlying asset at its lowest (respectively, highest) 

price over some preceding period. 



A russian option is a lookback option which runs for perpetuity. That is, 

there is no end to the period into which the owner can look back. 
r 

A game option (or israeli option) is an option where the writer has the 

opportunity to cancel the option he has offered, but must pay the payoff at 

that point plus a penalty fee. 

The main reason to buy options is the possibility to hedge against non-favorable 

price oscillations of underlying asset. Of course, it depends on the type of option 

against which risk (price increase or price decrease) the holder of the option is 

hedged. Risks of the future cash flows can be eliminated and bounded by the 

help of option contracts. A typical application is the following : Assume that a 

company has to make a payment of 20 million dollars next winter. The company 

is insured against an increase of the exchange rate for dollars by buying a call o p  

tion on dollars with a strike price of 1.14 Euro for $1 with maturity next winter. 

However if the exchange rate would be lower the company could buy the dollars 

at the market. 

Of course, options are also traded by speculators who hope for an over pro- 

portional increase of the option value compared to the underlying asset price. For 

example, it is obvious that the price of an option increases less than one dollar 

if the underlying asset price increases by one dollar. However, the relative price 

increase of the option will typically be higher than that of the stock in this case. 

Moreover, options are attractive for speculators as they are much cheaper than 

the underlying asset itself, and so with little capital it is possible to make rela- 

tively large gains. But it should not be forgotten that with options speculators 

also suffer big losses; in fact, it is not unusual to lose everything. 



2.1.2 Contract Specifications 

An option is a contract between the two counter parties with the terms of the 

option specified in the term sheet. Option contracts usually contain the following 

specifications : 

whether the option holder has the right to buy (call option) or the right to 

sell (put option); 

the quantity of the underlying asset(s) (for example, 100 shares of ABC 

Corporation); 

the strike price (or the exercise price) which is the price at  which the un- 

derlying transaction will occur upon exercise; 

the expiration date (or expiry) which is the last date the option can be 

exercised; 

the settlement terms, for instance whether the writer must deliver the actual 

asset on exercise, or may simply tender the equivalent cash amount; 

the terms by which the option is quoted in the market to convert the quoted 

price into the actual premium -the total amount paid by the holder to the 

writer of the option. 

2.1.3 Option value 

If we buy a put option on a stock. we will not know how much this contract 

will pay a t  the exercise time because we do not know with certainty the price of 

the stock at the exercise time. Thus, we will not know how much should we pay 

for such a contract, i.e., what should be the price or value of the option. 

It has been known for many years that option value can be estimated by a 



formula derived from Black-Scholes model or by using empirical technique such 

as the Binomial tree model. In addition, [2], the sensitivity of the option value 

to the amount of time to expiry is known as the option's theta. The option value 

will never be lower than its intrinsic value. 

The value of options depend on two values ; 

OptionValue = IntrinsicValue + TimeValue 

1. Intrinsic value is the greater of zero and the difference between the exercise 

price of the option (strike price), K and the current value of the underlying 

asset (underlying asset price), S depending on the types of options as follows: 

call value = M m [ ( S  - K),O], 

put value = M m [ ( K  -S),O]. 

2. Time Value is measured by the length of time until expiration. The closer to 

the expiration is, the smaller tin&tt&lue it has. Time value is the difference 

between option d u e  and intrinsic value, i.e. 

Timevalue = OptionValue - IntrinsicValue. (2.4) 

options classified by moneyness 

Moneyness is a measure of the degree to which a derivative is likely to have 

position monetary value at its expiration, in the risk-neutral measure. It can be 

measured in percentage probability, or in standard derivations. We can classify 

the moneyness into these catagories as follows. 

At-the-money : ATM 

An option is at-the-money if the strike price is the same as the underlying 



asset price of the underlying asset on which the option is written. An at- 

the-money option has no intrinsic value, only time value. 

In-the-money : ITM 

An in-the-money option has positive intrinsic value as well as time value. 

A call option is in-the-money when the strike price is below the underlying 

asset price. A put option is in-the-money when the strike price is above the 

underlying asset price. 

Out-of-the-money : OTM 

An out-of-the-money option has no intrinsic value, only time value. A call 

option is out-of-the-money when the strike price is above the underlying 

asset price of the underlying asset. A put option is out-of-the-money when 

the strike price is below the underlying asset price. 

Option prices are also called premiums. They have two components and are 

determined by six factors. The price changes are indicated by six factors, called 

Greek. Note that the interest rate and stock dividend are not generally important 

to option traders. 

Factors t h a t  influence t h e  price of options 

The price of the underlying asset. As the price of the underlying asset goes 

up, the price of the option changes. If the option is a call, the price increases, 

but decreases for a put. The converse is also true; if the price goes down. 

The strike price. It determines the intrinsic value of the option. For a call 

option, if the strike price is higher than the stock price, the option is out- 

of-the-money, and is therefore worthless. If this true for a put option, then 

it is in-the-money. 



The time value of the option : The life of the option is worth money. The 

closer to the expiry, the smaller its value. 

Volatility. A volatile stock (asset) is a risky stock. Therefore, the option 

price for this stock will be higher. If the underlying stock is relatively stable, 

the price will be relatively low. A highly volatile stock will generally yield 

better premiums, so is advantageous to the seller in this way. 

- Historical volatility. Historical volatility is the how the underlying asset 

has changed value in the past. 

- Implied volatility. Implied volatility is obtained by a special mathe- 

matical formula to calculate how volatile the market makes that the 

stock will be in the future. 

More specifically, an option's time value reflects the probability the option 

will gain in intrinsic value or become profitable to exercise before it expires. An 

important factor is the options volatdzty. Volatile prices of the underlying asset can 

stimulate option demand, enhancing the value. Numerically, this value depends 

on the time until the expiration date and the volatility of the underlying asset 

price. The time value of an option is not negative (because the option value is 

never lower than the intrinsic value), and converges toward zero with time. At 

expiration, where the option value is simply its intrinsic value, time value is zero. 

Prior to expiration, the change in time value with time is non-linear, being a 

function of the option price. 

2.2 Option pricing 

In general, we know that the higher the price of the underlying asset (under- 

lying asset price) , the greater the value of the option. When the underlying asset 



price is much greater than the exercise price, the call option is almost surely to 

be exercised. It goes in the opposite direction for put option. 

There are several option pricing models. In this research, we focus only on 

four option pricing models : Black-Scholes model, Standard binomial tree model, 

Implied binomial tree model and Generalized binomial tree model. 

2.2.1 Black-Scholes model 

In 1973, Fischer Black and Myron Scholes suggested the option pricing model, 

called Black-Scholes model [3]. They derived formula for the value of an option in 

terms of the price of the stock under ideal conditions in the market for the stock 

and the option, namely with the following assumptions. 

1. The short-term interest rate is known and is constant for all time. 

2. the stock price follows a random walk in continuous time with a variance 

rate proportional to the square of the stock price. Thus the distribution 

of possible stock prices at  the end of any finite interval is log-normal. The 

variance rate of the return on the stock is constant. 

3. The stock pays no dividends or other distributions. 

4. The option is European, that is, it can only be exercised a t  the maturity. 

5. There are no transaction costs in buying or selling stocks or options. 

6 .  It  is possible to borrow any fraction of the price of a security to buy it or to 

hold it, at  the short-term interest rate. 

7. There are no penalties to short selling. A seller who does not own a security 

will simply accept the price of the security from a buyer, and will agree to 



settle with the buyer on some future date by paying him an amount equal 

to the price of the security on that date. 

Let C(S, t) be the value of the option written as a function of the stock price 

S and time t ,  K be the exercise price, T be the maturity date, r be the risk-free 

interest rate, and v2 be the variance rate of the return on the stock. The option 

pricing formula is given as follows: 

where 

Here, N ( . )  denotes the cumulative normal density function. 

2.2.2 Standard Binomial Tree (SBT) Model 

SBT model [4] is a discrete-time model that relyes on the assumption that the 

underlying asset price can changed into two prices in the next time step; it can 

increase to US with a probability p or decrease to dS with a probability 1 - p (see 

Figure 2.1) where u and d are proportion to increase and decrease, respectively. 

A 2-step binomial tree can be constructed similarly as in Figure 2.3. Similarly, 

and also for any n-step binomial trees. (see Figure 2.2 ). 

Let r denote one plus the risk-free interest rate over one period, C be the 

current price of the call, Cup be its price at the end of the period if the underlying 



Figure 2.1: The 1-step binomial trees of the underlying asset price (left) and the 

value of call option (right) 

asset price goes to US,  and Cdm be its price at the end of the period if the 

underlying asset price goes to dS. Let K be the strike price or the exercise price, 

a be a volatility of the underlying asset price, t be time to maturity, and N be the 

number of steps of the binomial tree. We compute u = cum and d = e-"@ 

for the proportions to increase and decrease, respectively. Figure 2.1 shows, for 

example, the two-step tree of the option price. With this idea, we can build the 

tree of the option price for any n-step, for example, the 2-step tree is shown in 

Figure 2.3. 

This model compute the probability p that a call option price a t  a underlying 

,r(t/N) -d asset price is US from p = 7 . We can calculate option price C when the 

underlying asset price is S by the equation 



Figure 2.2: The n-step standard binomial tree of the underlying asset price 

Repeating this procedure, we can construct the entire tree of the underlying asset 

prices and the option prices. 

Example 2.2.1. Let a be 0.25, risk-free interest rate be 3% per year, underlying 

asset price be $100, and the strike price be $95. This call option will expire in 30 

days and This tree is the 3-step binomial tree. 

Solution. With a = 0.25, r = 1 + (0.03 * 30/365), t = 301365, S = 100, 

K = 95, and N = 2. We get u = 1.042248, d = 0.9931749, p = 0.719264. With 

equation 2.7, we can build the Zstep trees of the underlying asset prices and the 

option prices shown in figure 2.3. 



Figure 2.3: The bstep standard binomid tree of the option price and option price 



2.2.3 Implied Binomial Tree (IBT) Model 

The basic concept of the IBT model [5] is to build a binomial tree that fits the 

entire currently traded option price. First, we estimate the risk-neutral ending- 

nodal probability distribution of the underlying asset price. Here, we consider the 

four computational methods as competitors to conclude the risk-neutral ending- 

nodal probability distribution: Longstaff's method [7], Shimko's method [8], Ru- 

binstein's method [5], and Jackwerth and Rubinstein's method [9]. 

Longstaff's method 

Longstaff's method [7] writes the probabilities in terms of option price, exercise 

price, and previous probabilities, which can be solved directly. 

Let, 

S be current price of the underlying asset, 

S be price of the underlying asset on the expiration date, 

rn be one plus the risk-free rate of interest through the expiration date, 

6" be one plus payout rate on the underlying asset through the expiration 

date, 

and for example, Cl, Cz, Cs, C4, for example, be concurrent prices of asso- 

ciated call options with strike price Kl < K2 < K3 < K4, (in general, we 

have to consider all strike price Kl, K2, ..., K,.) all with the same time to 

expiration. 

Assume that, condition on S being between adjoining strike prices (including 

0), all levels of S* have equal risk-neutral probabilities. Also assume that there 



exists a number K5 > K4 such that the probability that S > Kg is zero, and 

that, conditional on S being between K4 and Kg, all levels of S have the same 

risk-neutral probability. Figure 2.4 depicts this situation. 

The implied risk-neutral probabilities can be derived by solving the first q u e  

tion for PI, using this value for Pl then solving for P2, using these value for PI 

and P2 then solving for P3, and so on until we get P5. 

Shimko's method 

Shimko's idea [8] is to approximate the implied volatilities across strike prices 

by a quadratic polynomial. By substituting the fitted polynomial for the volatil- 

ity in the Black-Scholes model, Shimko's method estimates the distribution of the 

risk-neutral probabilities in term of the second derivative of the call price with 

respect to exercise prim according to the following equation, 

'sT=x = ,& (2.14) 

where 



r i s k - n e u t r a l  

probability 

Figure 2.4: Risk-Neutral Prabability Bistr ib~t~ion 

Rubinstein's method 

Rubinstein's method [5] nlinimizes the difference between the implied post,erior 

risk-neutral probabilities P,,, and (i prior estimate of risk-neutral probabilities 

pn,J, (generated by the SBT), in the square sense under all constrains. 

Denote the ending-nodal iinderlying asset price of the tree from the lowest to 



the highest by S,,, for j = 0,1,2, ..., n and . Let S and Ck (C,") be the underlying 

asset price and the option bid (ask) priae quo ta  with strike price Kh, h = 1, ..., m 

(m << N, number of strike price) expiring a t  the end of the tree. 

Then, the implied posterior risk-neutral probabilities Pn are calculated from 

the following quadratic minimization problem. 

Objective : 

min X ( p n j j  - P ~ ~ ) ~ .  
Pn,j 

j 

Subject to : 

c pnj = 1 and Pnj 2 0 for j = 0, ..., N ,  
j 

C: 2 Ch 2 ct where Ck = ( c  P', rnax[O, Snd - Kh])/rn , for h = 1, ..., m. 
j 

(2.17) 

Here Ch denotes the option price a t  strike price Kh. 

Jackwerth and Rubinstein's method 

Jackwerth and Rubinstein's method [9] decides for the implied probability 

distribution with maximum smoothness. The implied posterior risk-neutral prob- 

abilities Pn are calculated from the following formula, 

min Pnj C(pn,j-l  - 2Pnj + Pn,j+1)2 where Pn,-I = Pn,,+1 = 0, (2.18) 
j 

with the same constrains as in Rubinstein's method. 



With the risk-neutral ending-nodal probabilities F' = P,,, j the implied 

binomial tree of the underlying asset price can be constructed by three steps as 

follow: 

First step. 

nadsl pi=!, := [l - w(i, j - l)]P,j-l +w( i ,  j)~;*' for i = n  ,..., 1, j = 1 ,..., i. 

(2.19) 

Second step. 

nodal ~ ( i , j ) P i , ~  Pi-l,j-l = for i = n , . . . , l , j  = l,...,i. (2.20) mLl 
Third step. 

where weight function is linear, defined as w(i,  j )  = jli. The entire tree of the 

underlying asset price can be built using three steps above. The tree of the option 

price can be constructed in the same way as in the SBT model. 

2.2.4 Generalized Binomial Tree (GBT) Model 

This model generalizes the IBT model by using different weight function w(i, j )  

in the first and second steps, equation (2.19) and (2.20). We consider five weight 

functions; linear concave, linear convex, quadratic convex, and S-curve. These 

functions are defined as follows. 

Linear case: 

for 3 E [O, 0.51 , 
(2.22) 

(2 (1 - a) ( ( f )  - 0.5) + a, for f E [0.5,1] , 



a E [0,0.5) for convex, 
where 

a E (0.5,1] for concave. 

Quadratic case: 

S-curve case: 

for: = 0, 

for: = 1, 

CN( -5+10( f ) , 0 , a ) ,  f o r : ~ ( O , l ) ,  

with a E (0,2.5], where CN(.,  0, a) is cumulative normal distribution function 

with mean of 0 and standard deviation a. 

To compute the performances for each weight function [ l l ] ,  we use the root 

mean square error (RMSE), where the error is the difference between market 

observed short-term option price and theoretical short-term option price, to find 

the optimal weight function with the optimal a. 

2.3 Hedge 

In finance, a hedge is an investment that is taken out specifically to reduce 

or cancel out the risk in another investment. The term is a shortened form of 

hedging your bets, a gambling term. Typical hedgers purchase a security that 

the investor thinks will increase in value, and combine this with a short sell of a 

related security or securities in case the market a s  a whole goes down in value. 

Example 2.3.1. An investor believes that the company FA is going to do well 

this month, and wishes to buy some shares of stock so as to profit from their rise 
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Figure 2.5: An illustration of various weight functions 

in value. FA is, however, part of the widgets industry, a sector whose share prices 

are highly volatile. 

Our investor is interested in the company itself, not the vagaries of the industry, 

and so seeks to hedge out the risk by selling short an equal amount of the shares 

of FA'S direct competitor, BA. 

On day one, our investor's portfolio looks like: 

Long 1000 shares of FA at $1 each 

Short 500 shares of BA at $2 each 

(Notice that the investor has sold short the same value of shares, not the same 

number). 



On day two, there is a big news story abet& the widgets industry and the value 

of all widgets stock goes up. FA, however, becaw it is a stronger eompany, goes 
r 

up by lo%, while B goes up by just 5%. Now the portfolio tool like 

Long 1000 shares of FA a t  $1.10 each - $100 profit 

Short 500 shares of BA a t  $2.10 each - $50 1- 

(Remember that in a short position, the investor lose money when the price goes 

UP> 

Perhaps our investor is regretting the hedge on day two, because it has cut 

into the profits on the FOO position, but on day three there is another news story 

that is bad for widgets, and all widgets stock g o e ~  down. 

This time it's a real crash - 50% is wiped off the value of the widgets industry 

in the course of a few hours. Onee again, however, b e c a w  FA is the better 

company it suffers less than BA: 

Value of long position: 

Day 1 - $1000 

Day 2 - $1100 

Day 3 - $550 

Value of short position: 

Day 1 - $1000 

Day 2 - $1050 

Day 3 - $505 

Without the hedge, our investor muld  be looking a t  a loers of $450. With the 

hedge, that loss still stands on the long side, but the short side is in profit of $495. 



That means our investor in widgets is still $45 in profit on a day when the market 

suffered a dramatic collapse. 

Example 2.3.2. Hedging an agricultural commodity price 

A typical hedger might be a commercial farmer. The market values of wheat 

and other crops fluctuate constantly as supply and demand for them vary, with 

occasional large moves in either direction. Based on current prices and forecast 

levels a t  harvest time, the farmer might decide that planting wheat is a good idea 

one season, but the forecast p r i m  are only that - forecasts. Once the farmer 

plants wheat, he is committed to it for an entire growing season. If the actual 

price of wheat r i s e  a lot between planting and harvest, the farmer stands to make 

a lot of unexpected money, but if the actual price drops by harvest time, he could 

be ruined. 

If the farmer sells a number of wheat futures contracts equivalent to hi crop 

size at  planting time, he effectively locks in the price of wheat a t  that time - the 

contract is an agreement to deliver a certain number of bushels of wheat on a 

certain date in the future for a certain fixed price. He has hedged his exposure to 

wheat prices; he no longer cares whether the current price rises or falls, because 

he is guaranteed a price by the contract. He no longer needs to worry about being 

ruined by a low wheat price at  harvest time, but he also gives up the chance at 

making extra money from a high wheat price a t  harvest times. 

2.3.1 Types of hedging 

The stock example above is a classic sort of hedge, known in the industry as a 

pairs trade due to the trading on a pair of related securities. As investors becomes 



more sophisticated, along with the &- W s  wed to calculate values, 

known as models, the types of hedges ham hms&d greatly. 

Examples Of Hedging Strategies 

Thii is a list of examples of hed&alr&b$(&, for financia3 derivatives such 

as call and put options. 

a Risk reversal Sidtaneody  hying a d l  option and mlling a put option, 

This has the efFect simu1'~~ting being long a stsck or commodity position. 

a Delta neutral This is a mbtket neutral position that allows a portfolio 

to maintain a positive cash flow by dynamically re-hedging to maintain a 

market neutral position. This is also a type of market neutral strategy. 



CHAPTER I11 

DATA AND METHODOLOGY 

We compare the empirical performances of binomial tree models, mentioned 

in chapter 11, for SET50 Index options. In this chapter, we describe the sample 

data, algorithms for each binomial model, and error estimations. 

3.1 Data 

In our empirical tests, we use SET50 Index options as data. The SET50 Index 

options with SET50 index m the underlying assets are traded in the Thailand Fu- 

tures Exchange(TFEX). The SET50 Index is cdculated from the stock prices of 

the top fifty listed companies on the Stock Exchange Thailand (SET) in terms of 

large market capitalization, hight liquidity and compliance with requirement r e  

garding the distribution of shares to minar shareholders. The SET50 index option 

is a European option which can be exercised only at the expiration date. There 

are four series for both calls and puts; March, June, September and December. 

In each option contract month, there are at least eleven strike prices, five-OTM, 

one-ATM, and five-ITM, in each day. 

The data sampling period is t&n from 28 December 2007 to 27 June 2008, 

which is also used to estimate parameters for the optimal weight function in the 

GBT model. The data with best bid and b e t  ask prices at 4.30pm in each trading 

days and expiration dateer are provided from the TFEX. There are 2270 data on 

over 111 days for empirical testing. 



3.1.1 Contract Specifications 

The TF'EX launched SET50 Index aptions on October 29,2007 to complement 

SET50 Index futures. SET50 Index options offer investors an opportunity to both 

capitalize on anticipated market movements and limit the risks of adverse market 

direction. Investors can also use SET50 Index optian to protect the value of their 

equity portfolios. 

The TFEX m the monogram of the option contract in terms of "Underlying 

Symbol + Month + Year + Put/Call Symbol + Strike Pricen, for a m p l e ,  

"S50H08C500"= SETSO Index call option expires on March 2008 with the strike 

price 500 point. 

"S50M80P530n= SET50 Index put option expires on June 2008 with the strike 

prim 530 point. 

- H : the options expire on March 

- M: the options expire on June 

- U : the options expire on September 

- Z : the options expire on December 

08 is year 2008. 

C k the symbol for call option and P is the symbol of put option. 

530 ie the strike price. 

The last trading day of each contract is the day before the I& trading day in 

each expire month. 



SET50 Index options are European style options, settled in cash against the 

value of the SET50 Index on the last trading day. There are SET50 Index put and 

call option with different exercise prices for various trading strategies. Summary 

of SET50 Index options contract specifications have shown in Table 3.1. 

3.2 Methodology 

We build trees of underlying tweet prices (SETW Index) and option prices 

(SET50 Index option price) by wing three models: the SBT, the IBT, and the 

GBT model. For each contract (strike price) we estimated the option prices for 

58 days in sequenm. For each binomial tree we set parameters: the number 

of steps N = 200, the risk-free interest rate r calculated by using the 91-day 

certificate of deposit (CD) rates (provided from Bank of Thailand), the Black- 

Scholes implied volatility a calculated with the average of bid and ask quotes of 

the ATM call options (in this work we calculated in Excel (see Appendix B)), and 

time to maturity t. For each day we built n-step binomial tree for SET50 Index 

and used the tree to estimate the SETSO Index option price of the day. Then we 

compute errors in terms of pricing and hedging performances. 

3.2.1 The SBT algorithm 

We follow the construction of the n-step binomial tree for SET50 Index Si 

as described in section 2.2 for each contract. From the parameters: N, a, r, and 

t we get an up u = ap(adm), a down move d = e x p ( - a \ / m ) ,  and the 

d ( t l N ) - d  transition probability of an up move is p = 7 . The flowchart of the SBT 

are shown in Figure 3.1. Fkom the binomial tree of SET50 Index we use the 

ending-nodal price SnTi(i = 0,1, .. ., n) to estimate the SET50 Index option price 

Cj as described in section 2.2, see Figure 3.2. 
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Table 3.1: Contrad Specification of SET50 Index Options 

3.2.2 The IBT algorithm 

This algorithm starts by building the binomial tree of SET50 Index, (the dash 
r' 

border in Figure 3.1). We first e s t i d  the risk-neutral ending-nodal proba- 

bility distribution of the SETm Index (me Figure 3.3). We consider the four 

computational methods as competitors for mtimating the probability distribu- 

tion; Longstaff's method (Figure 3.5)' S h i i o ' s  method (Figure 3.6)' Rubinstein's 

method (Figure 3.7) and Jackwerth and Rubinstein's method (Figure 3.8). The 

procedures for these m e t h d  are described in section 2.2.3. Once the best result 

for estimating of the ending-nodal probability distribution is obtained (see the 

results belows), We then built the binomid tree for the option price, similar to 

that of SBT method (Figure 3.2). 

We find the probabilities of the Longstaff and Shimko's methods are out of 

range of [0, 11, see Figure 3.2.2. The Jadwerth and Rubinstein's method produce 

errors larger than the Rubinstein's method, see Figure 3.3 . Then, in our empirical 



we use the third method (Rubin's) to obtain the implied probability distribution 

as input for the IBT and GBT models. 

3.2.3 The GBT algorithm 

The GBT model placed the emphasis on the weight function used in the IBT 

model. We use five-different weight functions instead of linear weight function in 

IBT method, the dash border in the  algorithm of IBT in fi y r e  3.4. The flowcharts 

for these weight-functions are displayed as follows: Linear concave , Linear convex 

in Figure 3.11, quadratic concave, quadratic convex in Figure 3.12 and S-curve 

in Figure 3.13. Then we obtained the optimal cr by using the Root Mean Square 

Error (RMSE) as a measurement 

Table 3.2.3 shows the optimal parameter values and the average vdues of 

RMSE (see Equation 3.1) for the five different weight functions in the test using 

the sample data from 8 December 2007 to 27 June 2008. 

As the result from Table 3.2.3 show, we use a S-curve weight function with cr 

of 2.5 to construct the GBT. 

In our error estimates, we compare the empirical performances of three models 

in terms of pricing and hedging errors in moneyness and option types. 



3.2.4 Pricing Errors 

, We examine the option pricing performance in terms of error ei, by letting e+ 

be the differences between the option prices Ci, provided by the TFEX (average 

of best bid and best ask quotes in each day), and the estimated option values from 

the binomial tree models eil namely 

3.2.5 Hedging errors 

Hedging performance is significant to investors who often use option as a risk 

management tool. We explain a hedging strategy as follow. 

Consider hedging a long position in a call or a put. Let Ai be the number 

of units of the underlying asset to be sold for an option, and Ci - Ai - Si be the 

residual position. 

To examine the hedging performanee, we 

1. construct a hedge portfolio by longing an option and shorting Ai units of 

the underlying asset. 

2. borrowing Ci - A, . Si in a risk-free rate. 

3. compute Ai from 

where C.,. and S.,. are option values and the underlying asset price at node 

(ij)  from the binomial tree built on each date. 



4. calculate the hedging error fmn 

6, = (cj - c,) - A~ * (& -s,) - (G - 4 .si) - (rj. ~ t )  (3.4) 

where At is the length of pedd between the date when the hedging strategy 

is performed to the expiration dabel r is the rMc-free rate and ~i b the 

underlying asset price at in each binomial tree. 

3.3 Analysis of Empirical Errors 

We analyze the results from the pdciing error and the hedging error based on 

four error measurements, the mean mor (ME), the mean percentage error (MPE) , 

the mean square error (MSE), and the mean abaoluk percentage error (MAPE). 

The Mean Error (MX) is the standard deviation of the differences be- 

tween the a d u d  values of the dependent variables and the predicted dues. 

This ertatiatic is associated with regression analysis. This measure indicates 

the direction of error. The fkmda ta 

where N is the nlrmber of data. 

The Mesin P e n t a g e  Error (MPE) is the computed average of per- 

centage errors by which estimated forecasts differ from actual values of the 

quantity being forecast. This measure indicates the direction of errors. The 

formula is 



where N is the number of data. 

1 The Mean Square Error (MSE) is a risk function, corresponding to the 

expected value of the squareel errm l m  or quadratic loss. MSE measures 

the average of the square of the error. The error is the amount by which the 

estimator differs from the quantity to be estimated. This memure indicates 

the volatility of errors. The formula is 

1 N 
MSE := - e:, 

N .  r= l  

where N is the number of data. 

The Mean Absolute Percentage Error (MAPE) is commonly used in 

quantitative forecasting methods because it produces a measure of relative 

overall fit. The absolute values of all the percentage errors are summed up 

and the average is computed. The MAPE indicates the magnitude of error. 

The formula is 

N 
1 1e.l MAPE := - 2, 
N . Ci r= l  

where N is the number of data. 
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Figure 3.1: Flowchart of the SBT model 



Figure 3.2: Flowchart of the SBT model 



strike price I ~ o n ~ s t a f f  (prob.) ( Shirnko (prob.) 

Table 3.2: Ending-nodd risk-neutral probabilities of Longstaff's and Shimko's 

methods 



Measure 

41 

s Met: hods 

MSE 

C1 - 

metf 

MAPE 

L 
- - 

7 - 
met1 45.837( 18.6854 

A K D l 7  -,a& " AKn3 1 0.3623 1 O.nn'"' I "9n5 
- 
3 
- 

metf 

..- -Ll. 

lod 3 543.1957 

~ o d  4 2294.0154 - 
3 

me~noa 4 0.9630 

Table 3.3: pricing errors of the IBT for calk. 
Thii table show the d t s  of pricing arora of the IBT by wing Rubinstein's aethod (method 3) and Jeckwerth 

and Rubiastein'r method (method 4) to eatimatL the a d i - n o d d  risk-neutral probability diiribution for the 

d l s  (Cl). Out-of-the-money (OTM) options cvmpriw oalk with S / K  < 0.97, Near-the-money (NTM) eptions 

comprise calls with 0.97 < S / K  < 1.08, md In-the-memay (ITM) aptions m p r i s e  cdls with S/K > 1.65. ALL 

includes c d L  d l  type. Tba numbera ars b d  en h r  - - mean error (ME), per- errer (MPE), 

mean square aror (MSE) snd mean absdute pacant.ge error (MAPE) - calculated from diereace between 

obssnrsd market option price and each tree medd's thsareti price for the sample period from 8 December 

2007 to 27 June 2008 which are uwd for building the trear. 

75.7084 

495.8334 

:ight fur w( lction - 

ivex 

- 
0.31 3 - 
O.9uuv I u.9895 I U . Y O ~ Y ~  

6.5713 

63.3580 

uadratic 

161.4235 

703.4152 

weight(&) 

uadratic convex 

a 1 0776 
- 
06 
- 

9.13192 

10.4427 - 
54 

R ht(cr) 

Linear C O F P ~ ~ V ~  n 57 0.52 

Linear cor 0.5 

Q ! -0.09 

Table 3.4: Estimation results for different weight functions 

RMSE(P1) 

- - 
Q - 
S-curve 

0.1 

2.5 8.996 2.5 



Figure 3.3: Flowchart of the IBT model (11 
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Figure 3.4: Flowchart of the IBT model [2] 
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Figure 3.5: Flowchart of the Longstaff's method used in the IBT model 



Figure 3.6: Flowchart of the Shimko's method used in the IBT model 
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Figure 3.7: Flowchart of the Rubinstein's method used in the IBT model 
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Figure 3.8: Flowchart of the Jackwerth and Rubinstein's method used in the IBT 

model 



Figure 3.9: Flowchart of the IBT model [3] 



Figure 3.10: Flowchart of the GBT model 



Figure 3.11: Flowchart of the linear (concave and convex) weight functions used 

in the GBT model 



Figure 3.12: Flowchart of the quadratic (concave and convex) weight functions 

used in the GBT model 



Figure 3.13: Flowchart of the S-curve weight functions used in the GBT model 



CHAPTER IV 

RESULTS 

In this chapter we showed and discussed results obtained from the methods 

described in chapter I11 in terms pricing, pricing errors and hedging errors. 

4.1 Results of option pricing 

The figure 4.1 is a graph of SET58 Index from 8 December 2007 to 21 May 

2009. 

We showed in Figures 4.2, 4.3, 4.4, 4.5, 4.6,4.7, 4.8 and 4.9 the eight examples 

of results; (four calls and four puts) that expired on March 2008 with strike price 

530, 600 and 630, and expired on September 2008 with strike price 320 for calls 

and 310 for puts, respectively. From the figures, the SBT and the Black-Scholes 

model give the results better than the IBT and GBT models because the plots of 

estimated option prices are closer to the market prices (average of best bid and 

best ask quotes in each day). For both calls and puts, trends of movements of 

estimated option prices by using three binomial tree models and the market prices 

are all the same. At OTM of calls and puts, trends of estimated option prices by 

using three binomial tree models converge to zero at one day before expiration 

date. 



4.1.1 Pricing perfommace 

I We show pricing errors of results in tffaM of four-measurements; MA, MPE, 

MSE and MAPE based on msneynesa Ear current month expiration calls (C1 and 

C3) and subsequent month expiration calla (C2 m d  C4), and current month expi- 

ration puts (PI, P3) and subsequent month expiration puts (P2, P4), see Tables 

4.1, 4.2, 4.3 and 4.4. 

The Table 4.1 and 4.2 show that the SBT model is superior in terms of the 

option pricing errors for C1 & C2. Comparing between all four measurements, 

SBT method seems to have smaller errors than the other methods. This also 

agree with the r d t s  in Tables 4.2 - 4.7. Also comparing between IBT and GBT 

in terms of four measurements, at ITM of the IBT are smaller than that of the 

GBT. For OTM that of the GBT is smaller than that of the IBT. These results 

suggest the SBT ia better than The IBT and GBT models in pricing performance 

for calls. 

Not only for &, the SBT aeema to have the errors better than that of IBT 

and GBT. Comparing between IBT and GBT in terrns of four measurements, at 

OTM and NTM, errors of the GBT are better than that of the IBT. The MSE of 

these three binomial tree models are very large for C1, C2, C3, C4, PI ,  P2, P3 

and P4, they indicate that these errors are very fluctuating errors. 

From the Table 4.1, 4.2,4.3 and 4.4, they suggest that the SBT is better than 

the IBT and GBT madela. 

4.1.2 Hedging performance 

We a h d  in Tabk 4.5 and 4.6 Mging  errors of results in terms of four er- 

ror mmuremmts; MA, M E ,  MSE and MAPE bawl on moneyness for current 



month expiration calls (Cl, C3) d zdmxpent month expiration calls (C2, C4); 

and similarly the results for cwm& month expiration puts (PI and P3) and sub- 
I 

sequent month expiration pnts (P2 anel P4) are shown in Table 4.7 and 4.8. 

The Table 4.5 and 4.6 show t k  the SBT is superior in terms of the option 

pricing errors for C1 k C2. & between all four measurements, SBT 

method seems to have s d e r  errma thm the other methods. Also comparing be- 

tween IBT and GBT in t e r m  of fatlr measurements, a t  OTM errors of the GBT 

is smaller than that of the IBT. At ITM and NTM we can see that the IBT seems 

to have errors smaller than the GBT. T h e  result3 suggest the SBT is better 

than The IBT and GBT models in hedging performance for cab.  Not only 

for C1, C2, C3 and C4, the SBT aeems to have the errors better t h  that of IBT 

and GBT (gee the Table 4.7 and 4.8) for PI, P2, P3 and P4. Comparing between 

IBT and GBT in terms of four measurements, at OTM and NTM of the GBT are 

smaller than that of the IBT. The MSE of t k  three binomial tree models are 

very large for C1, C2, C3, C4, PI ,  P2, P3 P4, these indicate that t h e  errors 

are very fluctuating errors. 

From the Table 4.5, 4.6, 4.7 and 4.8, they suggest that the SBT is better than 

the IBT and GBT models. 
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Figure 4.4: call price at the strike prim 630 of the call option with the SET50 

Index as the underlying asset that expired on 31 March, 2608 



Figure 4.5: Put price at the strike price 530 of the put option with the SET50 

Index as the underlying ast3et that expired on 31 March, 2008 



Figure 4.6: Put price at  the strike price 600 of the put option with the SET50 

Index as  the underlying asset that expired on 31 March, 2008 



Figure 4.7: Put price a t  the strike price 630 of the put option with the SET50 

Index as the underlying asset that expired on 31 March, 2008 



Figure 4.8: Call price at the strike price 320 of the call option with the SET50 

Index as the underlying asset that expired on 31 September, 2008 





Table 4.1: pricing errors of C1 and C2. 

Measures Models 

ME SBT 
--- 

- 
-- 

MPE SBT 

GBT 1 -0.0367 1 -0.2815 1 -1.4849 1 -0.8676 1 -0.03821 1 

C1  

OTM 

-1.2416 

- -  - -69 

IBT 

C2 

106 

-0.0297 

NTM 

-0.1459 

-5.5994 -4.7171 5 -0.9025 -2.69C 

-0.4434 0.1023 -0.0384 -0.0628 -0.1324 -0.175 

0.4503 

MSE SBT 

IBT 

MAPE SBT 

0.3623 0.0922 0.2395 0.4360 0.3822 1 -0.20f 

IBT 

Thii table shows the results OF the pricing performMa tests of three binomid t m  model for the current month expiration calla (Cl) and the mbsequent month expiration cans 

(C2). Out-of-the-money (OTM) options comprise calla with S / K  < 0.97, Near-themoney (NTM) options comprive calls with 0.97 < S / K  < 1.03, and In-the-money (ITM) 

options wmpriae calla with S / K  > 1.03. ALL includes calk all type. The numbers are baaed on four measures - mesn error (ME), percentage error (MPE), mean square error 

(MSE) and meen abaolute percentage error (MAPE) - calculstsd from di&rance between obmwd market option price and each tree model's theoretical price for the sample 

period from 8 December 2007 to 29 December 2008 whkh EIW used for building the trees. 

7.5315 1.2930 On19 20.2565 6.5439 0.64P2 1721 
,- - 

ITM 

0.6612 

7.3837 

543.1957 

131.4226 

0.0447 

GBT 

9.4885 

75.7084 

96.1424 

0.5331 

I I I I I I 

0.4503 

ALL 

0.0179 

0.3858 0.4921 0.4603 0.4360 

0.1801 0.4189 1.7324 1.0661 0.2051 0.4708 2.4791 1.3266 

OTM 

-2.5319 

NTM 

-1.3009 

ITM 

-0.2924 

ALL 

-1.1084 



Table 4.2: pricing errors of C3 and C4. 

Measures Models 

ME SBT 

IBT 

GBT 

MPE SBT 

C3 C4 

-0.9571 

IBT 1 0.4084 1 0.3232 1 2.4446 0.3336 C 

MAPE SBT 1 0.0787 1 0.3210 / 0.5549 1 0.3755 1 0.2625 1 0.5958 1 0.9429 1 0.7983 1 

OTM 

13.4252 

-5.5810 

-0.0246 

:BT 

MSE SBT 

IBT 

GBT 

1.8039 

0.6194 

This table shown the results of the pricing performance tests of three binomial tree model for the current month expiration calls (C3) and the subsequent month expiration calls 

((24). Out-of-the-money (OTM) options comprise calls with S / K  < 0.97, Near-thsmoney (NTM) options comprise calla with 0.97 < S / K  < 1.03, and In-the-money (ITM) 

options comprise calls with S / K  > 1.03. ALL includes calla all type. The numbers are bamd on four measures - mean error (ME), percentage error (MPE), mean square error cn 
Q, 

(MSE) and mean absolute percentage error (MAPE) - calculated from difference between OM market option price and each tree model's theoretical price for the sample 

period from 8 December 2007 to 29 December 2008 which are used for building the trees. 

NTM 

2.8003 

6.1388 

-2.8710 

-0.0028 

13.0547 

196.9085 

75.5394 

IBT 

GBT 

0.7702 

ITM 

9.1485 

-6.5804 

0.5640 

0.4084 

0.2216 

ALL OTM NTM ITM ALL 

1.8498 

-0.41 - 

4.suuu 

-2.0789 

0.2581 

0.6827 

0.2767 

116.0390 

612.9698 

227.8885 

12.2066 

47.4431 

49.7851 

0.5922 

0.6896 

23.1701 

10.8849 

0.1963 

0.5234 

220.6252 

479.4713 

239.8062 

72.7371 

414.8355 

489.1505 

2.3971 

2.2354 

40.4822 

76.1630 

62.4643 

21.5700 

14.8033 

0.5791 

1.6717 

128.3034 

253.4402 

189.2650 

. 0.3885 

0.3659 

0.5786 

139.8373 

169.7772 

97.6344 

19.2290 

16.7765 

0.9429 

0.6206 

0.3224 

9.6677 

7.3226 

0.7867 

0.7702 

0.5234 

~- - -  - p ~ ~  

1.8500 

1.6716 

0.6828 

0.5823 





Thia table shows the results of the pricing performance teats of three binomial tree model for the current month expiration puts (P3) and the subsequent month expiration puts 

(P4). Out-of-thamoney (OTM) options cornprisa calls with S / K  > 1.03, Near-themoney (NTM) options c o m p r k  cal ls  with 0.97 < S / K  < 1.03, and In-the-money (ITM) 

options c a m p r k  calls with S / K  < 0.97. ALL includes calls all type. The numbers are based on four messnrw - maan error (ME), maan percentage error (MPE), masn q u a r e  
Q, 

error (MSE) and mean absolute percantage error (MAPE) - calculated from difference between observed market option price and each tree model1# theoretical price for the 
00 

sample period from 8 December 2007 to 29 December 2008, which are used for building the trees. 

Table 4.4: pricing errors of P3 and P4 

Measures Models I P3 P4 



GBT 

IBT 

This table shows the results of the hedging per formaw testa of three binomial tree model for the current month expiration d l s  (Cl) and the subsequent month expiration cnlls 

(C2). Outsf-the-money (OTM) options comprise calls with S / K  < 0.97, Near-the-money (NTM) options w m p r i a  cdls with 0.97 < S / K  < 1.03, and In-the-money (ITM) 

options comprise calls with S / K  > 1.03. ALL includes calk all type. The numbera are bswd on four messurea - mean error (ME), mean percentage error (MPE), mean square 
b, 

error (MSE) and mean absolute percentage error (MAPE) - cakulated from delta hedge errors for the sample period from 8 December 2007 to 29 December 2008, which are used 

for bu i ld iq  the trees. 

Table 4.5: hedging errors of C1 and C2 

Measures Models 

ME SBT 

C1 

lRT 

OTM 

3.0154 

C2 

OTM 

4.8694 

-20.1191 

9.5638 

0.1165 

-0.4324 

0.2291 

30.6069 

498.1003 

299.4359 

0.1240 

-21.60)' 4015 

NTM 

1.3895 

NTM 

2.6798 

-6.3770 

6.6940 

0.2154 

-0.3709 

0.4371 

20.5250 

70.3349 

152.1227 

0.3008 

-1.2387 

ITM 

-0.1975 

0. 

0.3530 1 0.6498 

- - 
9955 

-7.8094 

ALL 

0.9327 

5.7687 

-0.0236 

-0.0778 

1.7735 

4.0444 

6.3135 

64.28060 

0.3692 

1.9536 

ITM 

0.7378 

-0.5712 

3.8221 

0.3066 

0.2453 

2.4336 

6.4427 

7.5149 

54.0354 

0.9674 

MPE SBT 

IBT 

GBT 

MSE SBT 

IBT 

GBT 

MAPE SBT 
- 

- 
GBT 

7.2600 

0.1036 

-0.2265 

1.1025 

8.8644 

159.2280 

118.3836 

0.3304 

0.4563 

1.2390 

ALL 

2.2644 

-7.0615 

5.94589 

0.2359 

-0.0929 

1.3028 

16.0829 

148.9855 

141.1288 

0.5852 

1.0018 

2.9280 

0.6798 

1.6190 

- 
0.0657 

-0.4471 

0.1914 

17.2942 

537.0018 

213.7224 

0.0714 

0.4471 

0.2687 

0.5089 

-0.3540 

0.4758 

11.4018 

73.5388 

139.5271 

0.5585 

0.3793 

0.5719 



Table 4.6: hedging errors of C3 and C4 

odels ( - -- 
ALL 

ires MI 

ALL NTM 

IBT I 

IBT 16.5385 10.7713 71.5557 40.1863 107.8741 209.9181 126.9213 136.1724 

BT 191.2261 45.5426 416.0687 74.9032 610.4447 477.5239 253.7095 169.4803 

84.9557 86.1459 532 530 1 7  1869 82 -- -- - 
0.0843 n-2123 o., 0.3601 !522 u . E ) u ~ ~  d l 2  0.7937 M A T  

GBT 1 0.3817 0.8283 1 2.4766 ( 0.4420 0.2399 1 0.4415 1.6245 1 0.5539 

This table shows the results of the hedging performance tests of three binomial tree model for the current month expiration calls (C3) and the subsequent month wcpiration calls 

(C4). Out-of-the-maney (OTM) optiom comprise calla with S/K < 0.97, Near-the-money (NTM) options ramprira calls with 0.97 < S/K < 1.03, and In-the-money (ITM) 

options mmprba calla with S / K  > 1.03. ALL includw calb all type. The numbers are brwd en b u r  laeuuree - mean error (ME), mean percentage errer (MPE). mean rquare 
-1 

error (MSE) and mean a b l u t e  garsentage error (MAPE) - calculated kom delta hedge errors far the sample peried frem 8 December 2007 to 29 December 2088, which are used 
d 

for building the trees. 



I OTM I NTM 1 ITM I ALL I OTM I NTM I IT* / ALL I 

Table 4.7: hedging errors of P1  and P2 

Measures Models 

IBT I 

ME SBT 

IBT 

GBT 

P1 

MAPE SBT I 

P2 

MPE SBT 4 0.: ~0.1478 -0.0162 -0.1096 -0.1807 -0.0708 -0.1026 

-5.7973 

-31.7052 

-18.4280 

GBT 

this table shows the results of the hedging performance tests of three binomial tree model for the current month expiration puts (PI )  and the subsequent month expiration puts 

(P2). Out-of-the-money (OTM) options comprise calls with S / K  > 1.03, Near-the-money (NTM) options comprise calls with 0.97 < S / K  < 1.03, and In-the-money (ITM) 

options comprise calls with S / K  < 0.97. ALL includes calls all type. The numbers are based on four measures - mean error (ME), mean percentage error (MPE), mean square 
4 + 

error (MSE) and mean abaoIute percentage error (MAPE) - calculated from delta hedge errors for the sample period from 8 December 2007 to 29 December 2008, which are used 

for building the trees. 

-4.1531 

-14.5047 

-7.467530 

MSE SBT 51.2854 32.8265 12.3531 28.6133 53.2433 31.2064 6.8587 92.5321 

-0.3371 

-2.2788 

-5.3291 

-3.1598 

-0.24076 

-3.7559 

-14.4519 

-8.1229 

0.15871 

-4.7779 

-27.3629 

-10.1409 

-0.0847 

-3.7631 

-9.7095 

-3.5015 

-0.2208 

-1.40t 2.5588 

-2.05t" -9.6340 

-0.1543 

-0.6261 -3.4777 

1.1938 0.4696 



Table 4.8: hedging errors of P3 and P4 
r 

1 - 
ITM OTM - - LL 

-. -. - 
ME 1.9108 -9.664 30 -1L 47 

-. -. - 
j6.6723 l85 -7.6431 -15.7979 -301.7261 15 - 2 u . u ~ ~ ~  -23.yb91 

37.3372 383 -8.1193 17 -147.5454 10 -18.6755 -15.9111 - 
D.1232 33 -0, 14 - -- - - - 

-1.0659 LY I -4.62311 uu I -0.9680 En97 - -- -- - 
1 -0.5662 LO - - -- -- - 

SB1 198: 1 932.823 1.2208 1.7451 83 - - 
IBT 754 1 1409.987 2.2560 OJ I ~ 6 . 1 2 7 9  1065.3256 

-- -- - 
i0.0967 -: 2 6 0 2 9  

636.62 5 7 -- - 
MAPE 1.2760 1.3062 ""' 0.9274 56 -- - 

-. 
0.9680 89 - 

GBT 0.7709 0.6647 0.9092 0.4057 2.8510 0.7234 0.9068 0.4626 

i Mode 

SBT 

IBT 

GB'I 

MPE 

GBT 

MSE 

GBT 

IBT 

this table shows the nsab of the hedging prfbrnurna tests of three btnomlal treemodel for the m n t  month expiration puts (P3) and the mbaeqnent month expiration pats 

(p4). O M - t h a m ~  (OTM) aptb~~~ nfth.S/K > 1-09, h~-thbmonsy ( W h )  o p 8 b ~  camprim calla with 0'97 < S/K < 1.03, and In-thamoney 0 
o m  comptiss calla wi6h S/K < 0.97. ALL &b d'typa The ntanbmk are based on h .msasaras - msga srrat (ME), lnesn per- camt (MPE), msan square 

error (MSE) MIcl mesn absolute petcuntaga error ( M A W  - ddalatdf Rbm dolts bddp emom Idf the niunpls fmiod from 8 Dksmbbr 2007 to 29 December 2008, which sre d 
3 

Par building the tras. 



CHAPTER V 

DISCUSSIONS AND CONCLUSIONS 

The r ~ u l t s  for both performances suggest that trends of movement of =ti- 

mated option prim by using the binomial tree models (the SBT, IBT, and GBT 

models) and the market prices are all the same. We get astimated option price by 

using the SBT and the Black-Scholes model are close to the market price more 

than the IBT and GBT models from Figures 4.2 - 4.7. The performances, between 

the IBT and GBT, depend on moneyneas and option type. At OTM for all type 

and all moneyntm of pricing and hedging performances of GBT are better than 

that of the IBT. 

Therefore, in our empirical test with SET50 Index option, the SBT shows 

the better performance in both pricing and hedging performances for data sam- 

pling period, from 28 December 2007 to 29 December 2008. It suggests that the 

SBT which is the discrete version of the Bld-Scholes model should work well in 

emerging market like the Thailand Futures Exchange (TFEX) during this period 

of the sampling data. 

Remarks and Comments 

The method used to estimate the risk-neutral probability distribution is not 

appropriate for the IBT and GBT. This may be the reason why the pricing 

errors of thew three binomial tree models are very large. However, they still 

give the movements that are quite remnable. 



Since the weight function used in the GBT is not the optimal for d l  mon- 

eyness, in our empirical test the GBT methsd was not better than the IBT. 

For the better performance of GBT we should we the weight function that 

is appropriate for each moneyneirs. 

Since SET50 Index options are new type of derivatives for Thai investors, 

this market transaction is leea active than futures market. The data used 

in this work is the closing pricea (bcst bid and b a t  ask quotes) of each day. 

For better estimation, we may w the hour-by-hour transaction price as the 

data. 

The reaulta from this thesis showed that SBT model is suitable for obtaining 

SET50 Index option pricing during the period sf sampling data. However, 

it is not clear to conclude that SBT model is better than other model, since 

this market t r m t i o n  is l a  active than the other market. 

Generally, the Black-Scholea model is the popular model which is used to 

calculate option price to bid and ask the option. It  may be the reaaan why 

the SBT model is suitable for SET50 Index option during the period of 

sampling data. 
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APPENDICES 



APPENDIX A : DATA 

I 

The Figure 5.1 has shown the example bf data rtaed in this work. 
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APPENDIX I3 : METHODOLOGY 

Call premium 

CallPremium(UnadjustedPriee, Stribprice, Years, Volatility, RiskfreeRate, Div- 

idendyield) 

UndajustedPrice: The present price of the underlying security (i.e., the stock 

price), before adjusting for future dividends. 

StrikePrice: Also known as "exercise price", the price at  which the under- 

lying security may be bought or sold upon exercise of the option. 

Years: The time in years until the option expirea. For example, for an option 

that expires in one month you may enter " 1/12" or " .083". For an option 

that expires in forty-five days, you may enter "451365". 

Volatility: The annualized estimated volatility of the underlying security, 

expressed as a percentage greater than zero. 

RiskfreeRate: The annual risk-free rate of interest which corresponds to a 

time period roughly qua1  to the remaining life of the option, exprmed in 

continuous compounding terms. If omitted, zero is assumed. 

Dividendyield: The annualized dividend yield of the underlying security, 

expressed in continuous compounding terms. If omitted, zero is assumed. 

Put premium 

PutPremiurn(UnadjustedPrice, StrikePrice, Years, Volatility, RiskfreeRate, Div- 

idend Yield) 

UndajustedPrice: The present price of the underlying security (i.e., the stock 

price), before adjusting for future dividends. 



Figure 5.2: Using excel find call premium as determined by the Black-Scholw 

formula 

StrikePrice: Also known as "exercise price", the price at which the under- 

lying security may be bought or sold upon exercise of the option. 

Years: The time in years until the option expires. For example, for an option 

that expires in one month you may enter " 1/12" or " .083". For an option 

that expires in forty-five days, you may enter "45/36S7'. 

Volatility: The annualized estimated volatility of the underlying security, 

expressed as a percentage greater than zero. 

RiskfrwRate: The annual risk-free rate of interest which corresponds to a 

time period roughly equal to the remaining life of the option, expressed in 

continuous compounding terms. If omittd, zero is assumed. 

DividendYield: The annualized dividend yield of the underlying security, 

expressed in continuous compounding terms. If omitted, zero is assumed. 

Implied volatility IVol(OptionType, UnadjustedPrice, StrikePrice, Start- 

Date, EndDate, OptionPremium, RiskfreeRate, DividendYield, WekdaysOnly- 



Figure 5.3: Using excel find put premium as determined by the Black-Schalos 

formula 

Mode, Precision) 

OptionType: Enter " C" or " Cdl" or 0 for call option; "P" or "Put" or 1 for 

put option. If omitted, the function assumes " Call". 

UndajustedPrice: The present price of the underlying security (i.e., the stock 

price), before adjusting for future dividends. 

Strikeprice: Also known as "exercise price", the price at which the under- 

lying security may be bought or sold upon exercise of the option. 

StartDate: The beginning day of the period measure. If valuing an option as 

of today, you may enter "now()" for this argument. If omitted, the function 

treats this argument as zero. (Using zero as the start date is usually done 

in conjunction with a fix4 time period such as "365," rather than an actud 

date, as the end date.) 

EndDate: The maturity, expiration, or exercise date of the option. If 0 was 

entered as the StartDate, then enter as the EndDate the number of days 



remaining until expiration rather than the absolute date of expiration. 

OptionPremium: The current value or price of the option. 

RiskfreeRate: The annual risk-free rate of interest which corresponds to a 

time period roughly equal to the remaining life of the option, expressed in 

continuous compounding terms. (See ContCompRate function.) If omitted, 

zero is assumed. 

Dividendyield: The annua l id  dividend yield of the underlying security, ex- 

pressed in aatinuaua aampauadb terms. (See CantComphte function). 

If omitted, zero is assumed. 

WedrdayaOnlyMode: 0 or omitted = OFF; 1 = ON. 

Precisian: The acceptable error for the function's result. By default this 

functian will return a correct value f 0.1% ((fO.OO1). Since this function 

iteratea t e  find the mrrect answer, setting a higher value may speed ex- 

ecutim in a werksheet cantaiaing many (~100) instances of this function. 

Lower values increase the precision. Example: If the exact implied volatility 

is 25%, setting "Precisionn to .005 will cause the function to return a, value 

between 24.95% and 25.05%. 



Figure 5.4: Using excel find cirnplied volatility as determined by the Black-Schsles 
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