
  

 

 

 

 

PROBABILITY DISTRIBUTION OF RETURNS IN HESTON MODEL FOR 

INDEX PRICES OF FTSE BURSA MALAYSIA KLCI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TEY SEAH YING 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

UNIVERSITI TEKNOLOGI MALAYSIA 

 

 

 

 

 



 

 

 

 

 

PROBABILITY DISTRIBUTION OF RETURNS IN HESTON MODEL FOR 

INDEX PRICES OF FTSE BURSA MALAYSIA KLCI 

 

 

 

 

 

 

 

 

 

TEY SEAH YING 

 

 

 

 

 

 

 

 

 

The report is submitted in partial fulfilment of requirements for the award of the 

degree of Master of Science (Mathematics) 

 

 

 

 

 

 

Faculty of Science 

Universiti Teknologi Malaysia 

 

   

 

 

 

 

DECEMBER 2012 

 

 

 



iii 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To my beloved father, mother and husband, for their love and support. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 
 

 

 

 

 

 

ACKNOWLEDGEMENT 

 

 

 

 

First of all, I would like to express my sincere gratitude to my supervisor, Dr. 

Arifah Bahar who had greatly assisted me in completing this study in the time frame 

given. Under her supervision, many aspects of this study had been explored. Her 

efforts in patiently guiding, supporting and giving constructive suggestions are very 

much appreciated. 

 

 

Besides, I also would like to express my sincere appreciation to my beloved 

family for their advice and moral support, and friends who had kindly provided 

valuable and helpful comments in the preparation of the thesis. Moreover, I also 

would like to thank those who have been involved directly and indirectly in the 

preparation of this thesis. Without their encouragement and support, this research 

would have been difficult at best. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 
 

 

 

 

 

 

ABSTRACT 

 
 
 
 

Financial investment is one of the most lucrative opportunities to earn money 

if the investors can make smart decision in investing their resources. However, 

investments involve certain risks, it may generate positive or negative returns, which 

means it may increase or decrease the investors’ capital. In this study, the probability 

distribution of returns for the index prices of FTSE Bursa Malaysia KLCI based on 

the Heston Model with stochastic variance is constructed to analyse its capability in 

describing the returns for the index prices of FTSE Bursa Malaysia KLCI. The 

values of parameters in Heston Model of the index prices of FTSE Bursa Malaysia 

KLCI have been estimated based on Simulated Maximum Likelihood method using 

SDE toolbox in Matlab. The solutions of the stochastic differential equation were 

approximated by Euler-Maruyama method. It is found that for complete set of FTSE 

Bursa Malaysia KLCI data, the probability distribution of log returns for closing 

prices of FTSE Bursa Malaysia KLCI fitted the theoretical curve (Dragulescu and 

Yakovenko, 2002) better at time lag, . However, for truncated data of FTSE 

Bursa Malaysia KLCI, the probability distribution of log returns for closing prices of 

FTSE Bursa Malaysia KLCI fitted the theoretical curve (Dragulescu and Yakovenko, 

2002) better at time lag,  1, 5 and 20. 
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ABSTRAK 

 

 

 

 

 Pelaburan kewangan merupakan salah satu cara untuk memperoleh 

pendapatan jika pelabur bijak membuat palaburan. Sungguhpun begitu, pelaburan 

mengandungi risiko tertentu, ia mungkin menghasilkan pulangan positif atau 

negative dan juga dapat dikatakan ia mungkin menambah atau mengurangkan modal 

pelabur. Dalam kajian ini, taburan kebarangkalian pulangan bagi harga indeks FTSE 

Bursa Malaysia KLCI daripada dasar model Heston yang dikaitkan dengan varians 

stokastik telah dibina untuk menganalisis kemampuan taburan kebarangkalian 

tersebut dalam penggambaran pulangan bagi harga indeks FTSE Bursa Malaysia 

KLCI. Nilai-nilai parameter dalam model Heston bagi harga indeks FTSE Bursa 

Malaysia KLCI telah dianggarkan daripada SDE toolbox dalam Matlab dengan 

menggunakan cara Simulated Maximum Likelihood. Penyelesaian bagi persamaan 

pembezaan stokastik dapat diperolehi dengan menggunakan cara Euler-Maruyama. 

Didapati bahawa taburan kebarangkalian pulangan bagi data harga indeks FTSE 

Bursa Malaysia KLCI yang lengkap hampir sepadan dengan lengkung theoretic 

(Dragulescu and Yakovenko, 2002) pada sela masa,  1. Walau bagaimanapun, 

taburan kebarangkalian pulangan bagi data harga indeks FTSE Bursa Malaysia KLCI 

yang telah dipendekkan didapati hampir sepadan dengan lengkung theoretic 

(Dragulescu and Yakovenko, 2002) pada sela masa,  1, 5 dan 20. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background of the Study 

 

 

Kuala Lumpur Stock Exchange started to have a downward trend in July 1997 

as it fell below its psychological level of 1000 points. According to Hughes (1999), 

the contagious effects of speculative activity on the Thai Baht had led to the crisis in 

1997. Based on the economic report 1997/98, in September 1997, the KLCI touched 

its lowest level since 20
th

 April 1993 of 675.15.  In September 1998, the KLCI fell 

sharply to as low as 262.7 points from 1077.3 points in June 1997 followed the 

implementation of exchange control on 1
st
 September 1998 (Hughes, 1999).  

According to Goh and Lim (2010), the Dot Com bubble that burst in March 2000 had 

adversely affected the growth of Malaysia’s economy. The KLCI which was 

recovering from the 1997 crash took another hit and went down. From 2003 to 2007, 

the index point of KLCI started to pick up and eventually surpassed the 1500 points in 

the early of 2008. Unfortunately, in 2008, the severe global recession crisis that began 

with the burst of the U.S. housing bubble is transmitted to Malaysia (Goh and Lim, 

2010). KLCI fell below 1000 points markedly in September 2008. According to The 

World Bank (2011), the Malaysian economy completed the rebound from the 

downturn but the growth momentum is volatile.  

 

 

Nowadays, one of the best businesses to earn money is financial investment if 

the investors can make smart decision when doing investments. There are many types 

of financial investments in Malaysia, such as stocks, shares, commodities, unit trusts 

and bonds. However, since the growth momentum in Malaysia is volatile, these 
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investments involve certain risks, it may generate positive or negative returns, which 

means it may increase or decrease the investors’ capital. 

 

 

Volatility plays an important role in various area of finance, for example, risk 

management, derivatives pricing and portfolio optimization. Hence, many studies 

have been conducted in the area of volatility modelling and estimation.  

 

 

Stochastic differential equations (SDE) are the mathematical tools that can 

capture the volatility of the growth momentum. Stochastic differential equations are 

used in financial field and act as a basis of many stochastic volatility models, such as 

Hull-White model and Heston model (Remer and Mahnke, 2004).  

 

 

Geometric Brownian Motion is an example of stochastic process that satisfies 

a stochastic differential equation. According to Duplantier (2005), a French 

mathematician, Louis Bachelier mentioned in his PhD thesis in 1900 that the stock 

price dynamics follows Brownian Motion. More than half a century later, Samuelson 

modified Bachelier model in 1965 and discussed that the return rates, instead of the 

stock prices, follow Geometric Brownian Motion which can avoid negative value 

(Piasecki, 2006). 

 

 

Time series of stock prices, interest rate and exchange rate fluctuations are 

some of the common examples of stochastic processes. According to Hull (2009), 

Geometric Brownian Motion is the most used stochastic process as it is always 

positive because it follows log-normal distribution. In 1993, Steven Heston proposed 

a model for the stock price dynamics using Geometric Brownian Motion with 

stochastic volatility. The model is known as Heston model. This model assumes that 

the volatility of the asset is not constant but follows a random process. 

 

 

    

 

 

 

 

http://en.wikipedia.org/wiki/Random_process
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1.2  Statement of the Problem 

 

 

Index prices behave randomly so it is not accurate to be represented by initial 

value problem with ordinary differential equation. The Heston model, which is 

governed by Geometric Brownian Motion with stochastic volatility, is always used to 

describe the evolution of the volatility of an underlying asset since the volatility of the 

underlying asset is not constant. Hence, the incorporation of stochasticity into index 

prices is important in determining correctly the probability distribution of log returns 

for stock indexes.  

 

 

However, Heston (1993) does not provide the probability distribution of log 

returns for stock prices. Dragulescu and Yakovenko (2002) had derived the analytical 

formula for the probability distribution of log returns in the Heston model. According 

to them, their equations reproduce the probability distribution of returns for time lag 1 

and 250 trading days very well by using only four parameters. However, the number 

of parameters of other similar models can easily go to a few tens. Moreover, Silva and 

Yakovenko (2003) has tested that the probability distribution of log returns agreed 

very well with the analytical formula for NASDAQ, S&P 500 and Dow-Jones for the 

period 1982-1999 via visual inspection. 

 

 

In this study, we will test wheteher the techniques given in Dragulescu and 

Yakovenko (2002) will be able to capture the volatility of the index prices for FTSE 

Bursa Malaysia KLCI (formerly known as KLCI). The test needs to include the 

estimation of the parameters of the Heston model.  

 

 

 

 

1.3 Objectives of the Study 

 

 

The objectives of study are: 

 

1.3.1 To estimate the long time mean of variance, the rate of relaxation to this mean, 

the variance noise and the drift parameter of the Heston model. 

http://en.wikipedia.org/wiki/Volatility_(finance)
http://en.wikipedia.org/wiki/Underlying
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1.3.2 To assess the probability distribution of log returns of index prices FTSE 

Bursa Malaysia KLCI from the Heston model via visual inspection. 

 

1.3.3 To compare the observed probability distribution of log returns of index prices 

FTSE Bursa Malaysia KLCI with the analytical formula (Dragulescu and 

Yakovenko, 2002). 

 

 

 

 

1.4 Scope of the Study 

 

 

This study focuses on estimation of the probability distribution of log returns 

in the Heston model by using empirical data. In this study, the index prices of FTSE 

Bursa Malaysia KLCI were collected from Yahoo! Finance website 

(http://finance.yahoo.com/q/hp?s=%5EKLSE+Historical+Prices) from 3
rd

 December 

1993 until 4
th

 May 2012 which consisted 4544 data of the index prices of FTSE Bursa 

Malaysia KLCI. The technique used to estimate the parameters is Simulated 

Maximum Likelihood method. The Euler-Maruyama method is used to solve the 

stochastic differential equation. 

 

 

 

 

1.5  Significance of the Study 

 

  

The graphical representation of the probability distribution of the index prices 

of FTSE Bursa Malaysia KLCI will guide the investors on how to invest in FTSE 

Bursa Malaysia KLCI based on the highest probability of log returns. Since FTSE 

Bursa Malaysia KLCI comprises the largest 30 companies listed on the Main Board, it 

will more aptly define market activities in Malaysian stock market.   

 

 

 

 

 

 

 

http://finance.yahoo.com/q/hp?s=%5EKLSE+Historical+Prices
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1.6 Organization of the Study 

 

 

 The organization of this study can be divided into 5 chapters. The report starts 

with the study framework followed by literature review and finally it ends with 

conclusion and recommendation. 

 

 

 In chapter 1, background of the study and statement of the problem are 

described. This chapter also contains the objectives of this study, the scope, and the 

significance of the study. 

 

 

 Chapter 2 is mainly about the literature review of this study. Some remarkable 

histories such as Brownian Motion, Cox-Ingersoll-Ross process, Simulated Maximum 

Likelihood method and Euler-Maruyama approximations are briefly described. 

Besides that, the previous research about Heston model is also discussed in this 

chapter. 

 

 

Chapter 3 presents the research methodology. The design of research is 

illustrated. This chapter also discusses the Heston model and the method used to find 

the analytical formula for the probability distribution of log-returns in Heston model. 

Besides that, the algorithm of Euler-Maruyama approximations and the parameters 

estimation are briefly illustrated. Moreover, the algorithm for calculating the 

probability distribution of log-returns for KLCI is described in this chapter.  

 

 

Chapter 4 contains the results and discussions. The estimated parameter values 

of the Heston model are presented in this chapter. Furthermore, the discussion of the 

suitability of the analytical formula with the probability distribution for log-returns of 

index prices is also described in this chapter. 

 

 

Chapter 5 is the final chapter of the study which consists of the conclusion of 

the whole study and some recommendations for the future research. 
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