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CHAPTER 1 

INTRODUCTION AND BACKGROUND OF THE STUDY 

The field of finance has long focused upon the stock market mean returns but in the 

recent times the central focus of the finance practitioners and academicians has been shifted 

upon the volatility of stock market returns. Volatility, perceived as risk is the fluctuation in 

the price movements of securities and remains high if the price movements show rapid 

change in short time periods and becomes low if the prices remain stable. For example, an 

unexpected increase in interest rates may show a rapid decline in the trading volume of the 

stock market because of the fear of risk of less return earned and also the increase in the cost 

of capital due to the behavior of the risk averse investors claiming risk premium. This sudden 

or unexpected upward and downward price movement of the stock prices is called volatility. 

The volatility of financial market has become the focal issue for the finance practitioners and 

the policy makers to practice and develop the asset pricing theories, asset allocation methods 

and risk management approaches respectively. Since volatility varies overtime, (Kavocic, 

2008) therefore it has become important to empirically model and forecast the dynamic 

properties of stock returns volatility.  

This chapter further explains the background of the study, theoretical explanation of 

the stock returns volatility, brief overview on the emerging markets and the overview of the 

stock exchanges of Pakistan. Thereafter, it explains the theoretical motivations to the present 

study and the contributions of the present study further extending to the problem statement, 

the research questions and the research objectives respectively. Then, the significance of the 

study and the delimitations of the study are discussed in the respective chapter and lastly, the 

chapter provides the organization of the present study. 
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Background of the Study  

Since the last two decades, the stock market volatility is contributing in the key 

investment decisions and stock portfolio development for the investors as well as the 

portfolio managers. The concept that the stock market volatility systematically varies over 

time dates back to the studies conducted by Mandelbrot (1963) and Fama (1965). According 

to Loudon, Watt and Yadav (2000) and Scott (1991), contrary to Efficient Market 

Hypotheses1Fama (1970), the systematic variation of time in a stock returns’ volatility which 

is captured by the variance can be split into the non-predictable and predictable component 

where the latter is termed as the conditional variance which is a function of the past 

information set i.e. at time t-1. This information set could be the firm related factor such as 

price-to-earnings ratio, book-to-market value and the economic factors such as the foreign 

exchange rate and the stock market return respectively. According to Scott (1991), the 

efficient market hypothesis that is meant to be a part of the rational pricing theory, because of 

the fair game rule2, is not able to capture the observed evidence of volatility and the market 

crashes that occur occasionally. 

Since, finance practitioners and the economic policy makers usually rely on the 

market estimates of volatility of securities as a yardstick for the exposure to financial markets 

and consider volatility as a key input in various investment decisions and portfolio creations 

therefore the predictable component; the conditional variance of the stock returns becomes 

important to be modeled and forecasted. That is why; various irrational pricing theories have 

come into existence such as the speculative bubbles theory, noise theory and the over-

                                                           
1Efficient market hypothesis, developed by Fama (1970) considers the stock returns to possess normal distribution and 

consider the market to be in continuous phase where the stock prices reflect all relevant information. Since its inception, 

various researchers have argued on the presence of fat tailed leptokurtic distributions of mean values of stock returns 

possessing the time varying properties within them Basu (1977). 

 
2The fair game rule explains that the investors are not able to earn the above average profits in a consistent manner with the 

availability of the current news/information (Reilly and Brown, 2011). 
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reaction theory that emphasizes on the deviation between the asset’s fundamental value and 

the market price; the former being the rational component and the latter being the irrational 

component respectively. Scott (1991) finds significant evidence of the stock prices’ deviation 

from their fundamental value in contrary to the postulation of the efficient market hypothesis 

that the stock prices closely approximate to their fundamental value. 

Now, turning our discussion on the superiority of the statistical model to measure 

stock return volatility, the empirical literature does not support the sample standard deviation 

as a superior statistical measure of stock return volatility (Poon and Granger, 2005) because 

of the autoregressive and heteroskedastic properties of the stock returns (Lamoureux and 

Lastrapes, 1990). Therefore, to analyze the volatility clustering property of stock returns 

where some periods of time are more riskier than others and that these periods are not 

constant over time, Engle (1982) and Bollerslev (1986) have attempted to fulfill this 

statistical gap by introducing the econometric measure of autoregressive conditional 

heteroskedastic (ARCH) models3 to model, estimate and forecast the dynamic relationship of 

the stock returns volatility over time.  

Stock return volatility as the central issue of the emerging markets 

The motivation to investigate stock returns volatility comes from the fact that stock 

return volatility is not only the central issue of the developed capital markets but has also 

gained prominence in the emerging capital markets. These markets always endeavor to 

remain efficient because of an intense global competition among the financial markets. The 

preceding concept of an efficient capital market emphasizes that the prices of the securities 

are adjusted according to the flow of new information and that the current security prices 

                                                           
3The ARCH/GARCH specifications) takes account of violation of the assumption of the classical linear regression models 

(CLRM) of the variances of the error terms to be constant (homoskedastic) and tend to exhibit time varying variances 

(heteroskedastic). 
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contain within itself the relevant information of each of the stock also labeled as 

“informationally efficient market” (Reilly and Brown, 2012;p:140). Since two decades, the 

increased trends in the global financing decisions and investments have shown utmost 

attention towards the emerging markets by the institutional investors and the portfolio 

managers. The emerging markets are the developing economies that are into continuous 

effort for economic growth and capital markets stabilization due to better demographics and 

more room for economic growth avenues. 

These favorable conditions of the emerging markets have provided investment 

opportunities to the international investors to search avenues for more output shares and 

increased market capitalization. These markets provide the potential investment opportunity 

for the investors who want to take risk in the emerging markets financial instruments such as 

the emerging market hedge fund or the emerging market mutual fund to earn the higher 

expected rates of returns4.Though, the emerging markets within itself engrave some unique 

risks of less transparency of potential investment opportunities, high volatility and increased 

illiquidity still these markets have become the integral part of the global investment avenues 

for the developed capital markets because of the stable and modern capital reforms and 

macro-economic development measures being taken by the emerging capital markets and 

Pakistani stock market is one amongst these. 

Premier stock exchange of Pakistan: Pakistan being one of the emerging markets of 

the world has one of the premier stock markets of Pakistan; Karachi Stock Exchange (KSE) 

that began its operations in 1947. The most recent remarkable market statistics of the fiscal 

                                                           
4The emerging market hedge fund has one advantage over the emerging market mutual fund that the former offers 

investment in the commodities, real estate property, derivatives and currencies and the latter offers investment only in the 

stocks and bonds but the emerging market hedge funds are more riskier and expensive than the emerging market mutual 

funds because of its weak liquidity position and high investment fees.Source:www.barclayhedge.com/reserach/educational-

article/hedge-fund-strategy-definition/hedge-fund-strategy-emerging-markets.html 
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year of 2010-2011 with total listed capital of Rs. 943,732.85 million, market capitalization of 

Rs. 3288,657.32 million and total shares volume of 28,018.14 shows the consistent 

incremental performance of KSE relative to the decade back performance of the KSE for the 

fiscal year of 1998-1999 with total listed capital of Rs. 215 billion, aggregate market 

capitalization of Rs.289.2 billion and total shares volume of Rs. 25.5 billion. The Karachi 

Stock Exchange has been declared the best performing world stock market by an 

international magazine ‘Business Week’ in 2002. 

Since 1991, the trading floor of KSE is opened to the international investors with 

equal opportunity as to the local investors regarding tax policies and ease in the regulations 

on profits repatriation5. In 1991, the Karachi Stock Exchange was ranked 3rd amongst the 

twenty best markets of the world by the International Finance Corporation respectively. The 

regulatory governing bodies for control and supervision of the trading activities in the stock 

markets of Pakistan are the Central Depository Company of Pakistan Limited (CDC) 

established in 1993 and the Securities and Exchange Commission of Pakistan established in 

1997. To make the trading system accessible and efficient, the Karachi Stock Exchange 

introduced the computerized trading system named as Karachi Automated Transaction 

System (KATS) in 2000. Likewise, internationally recognized transaction settlement system 

T+36 was introduced in 2002.  The amounts related to the trading activity of the stock 

markets in Pakistan are settled in the National Clearing Company of Pakistan (NCCPL) for 

further calculation, collection and depository of the capital gains tax of the listed securities. 

                                                           
5Profits repatriation is the profit earned by an individual in the foreign country and intends to bring that money back into his 

home country. 

 
6T+3 refer to the transaction date plus three working days for the settlement of the transaction occurred between the buyer 

and the seller. 
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Along with the Premier Karachi Stock Exchange, there are two other exchanges 

operating in Pakistan; Lahore Stock Exchange and Islamabad Stock Exchange. Lahore Stock 

Exchange (LSE) began its operations in 1971 and has an index of 25 i.e. LSE25 comprising 

of major companies of Punjab and northern areas.  Islamabad Stock Exchange (ISE) began its 

operations in 1989 focusing on the investors of less developed areas of northern part of 

Pakistan with an index of ISE10. The focal concern of ISE is on the trading infrastructure, the 

systematic trading market place and the accessible expert workforce (e.g. brokers). 

In a nutshell, the capital market of Pakistan has shown a tremendous growth since two 

decades because of its conducive approach towards the economic and the investment policies. 

Since the early 1990’s, many capital markets reforms are initiated by the Securities and 

Exchange Commission of Pakistan (SECP) to boost up the economic growth of the country 

and is taking certain measures to ensure that the capital market is functioning according to the 

set principles such as  the investment doors have been opened to the international investors 

with 100% ownership in an enterprise, permission to the foreign investors to open the private 

investment and commercial banks, complete repatriation facility to the foreign investors who 

make investments in Pakistan, and the privatization of the local banks and institutions. Some 

of the other key factors that have positively contributed in the growth of the Pakistani stock 

market are the continuous thrive for the stable macroeconomic environment, the sufficient 

liquidity position in the market, the modern technological developments in the stock market 

and the corporate sector, exchange rates stability, big acquisitions and mergers, recovery of 

foreign loans, decrease in the interest rates offered by banks and the proper regulatory 

mechanisms set by the Securities and Exchange Commission of Pakistan (SECP).  

Motivation to the Present Study 

According to Markowitz (1952, 1959), the risk averse investors always intend to own 

a diversified market portfolio of risky stocks that may be according to their risk preferences 
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and are interested to know the volatility of a stock so that they may take an investment 

decision accordingly7. Motivated by this key concept of portfolio development, the present 

study has attempted to construct daily 10 equally weighted beta (β) portfolios8 (10 stocks 

each) to test portfolios returns volatilities for the time period of July 1998 to June 2011.  

One of another motivation to this research study is taken from the ARCH family of 

models because of their superiority in capturing the volatility clustering property of the stock 

returns where the sample unconditional standard deviation becomes invalid to capture the 

leptokurtic distribution of stock returns which is also evident from the work of Yu, (2002); 

Poon and Granger (2005); Bollerslev (2008) respectively. In addition, the measure of risk 

seems to be incomplete until the risk premium is added into the regression model to provide 

compensation for the investors to invest in the stocks because investors want compensation in 

the form of higher expected return for facing volatility estimated risk McElroy and 

Burmeister (1988). Motivated by this concept of risk premium for facing variance risk, this 

study has employed ARCH-in-mean family of models that allows including the variance 

(standard deviation) in the conditional mean equation and assessing whether the investors do 

get the expected return for facing the variance risk.  

As it is certain that the persistence of volatility of stocks is influenced by firm specific 

factors, economic factors/shocks, anomalies (observed or unobserved) Lastrapes and 

Lamoureux (1990), Ross (1976) and Fama (1970) therefore it becomes necessary to set a 

certain pattern by which it could be analyzed that what set of variable(s) affect the portfolio 

returns volatility. Therefore, the present study has examined the volatility of the portfolio 

                                                           
7. The measure of risk for a single stock is its covariance with the market portfolio called as the systematic risk 

known as beta (β) that explains the variability of the individual stock’s variance relative to the variance of the 

total market portfolio 
8  The equally weighted beta portfolios are constructed based on the simple computations and also due to the 
time constraint.  
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returns through specific to general approach9 in the ARCH-M models where the conditional 

mean equation follows the autoregressive moving average behavior (ARMA) process and the 

conditional variance equation takes the specification of the ARCH-M family models. These 

specifications include the GARCH-M, TGARCH-M, EGARCH-M and PGARCH-M 

respectively.  

According to Tiao and Inclan (1994), there are certain unobserved structural shifts or 

shocks present in the unconditional variance of the stock returns that play an important role in 

explaining the degree of persistence of volatility. To account for these unobserved shifts, the 

authors have developed an algorithm that successfully captures for any sudden structural shift 

that occurs in the unconditional variance of the returns called as iterated cumulative sums of 

square (ICSS) algorithm. Motivated by this concept, this study has employed the ICSS 

algorithm to check for the presence of the unobserved shocks (stochastic shifts) in the 

unconditional variance of the portfolio returns that makes up the general approach of the 

portfolio returns estimated by the ARCH-M family of models.  

Further, in making the investment decisions, the investors are keenly interested to 

analyze the forecasting behavior of the stock return volatility.  Keeping in view this basic 

objective of the investors, it is one of the key contributions of this study for the first time in 

the Pakistani literature that has evaluated the in-sample fit and out-sample fit forecasting 

performance of the high and low beta portfolio returns. The present study has attempted to 

find out the predictability behavior of each of the high beta portfolios returns and each of the 

low beta portfolios returns that either their predictability behavior is same or vary from one 

another.  Lastly, while investing in a portfolio, investors are interested to know the 

relationship between the assets in a portfolio or the relationship between the two portfolios 

                                                           
9According to Bauwens and Succarret (2006), because many explanatory variables are involved in the volatility 
models’ estimations therefore the specific to general approach is the appropriate financial volatility modeling 
approach respectively. 
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that are offered by the portfolio managers; a concept called volatility spillover effect McAleer 

and Viega (2007).  This study has also attempted to investigate asymmetry volatility spillover 

effect between the high/low beta portfolios returns and also the volatility spillover effect 

between the high/low beta portfolios returns and the economic variables respectively.   

The motivations mentioned above has lead this study to empirically analyze the 

specific to general approach employed on the ARCH-M models to estimate and analyze the 

portfolio returns for the time period of July 1998 to June 2011 respectively. To sum up, the 

analysis begins with a conditional mean equation model described by the ARMA process. 

The conditional variance equation takes four specifications that are the GARCH-M, 

TGARCH-M, EGARCH-M and PGARCH-M respectively. Based on the Akaike Information 

Criterion (AIC) criterion10, best specification of portfolio returns volatilities (conditional 

variance) is selected based on specific to general approach respectively. The specific 

approach comprises of the ARMA-with-ARCH approach of each of the four specifications, 

then the second step adds into it the trading volume process in the conditional variance 

equation of each of the four specifications, the third step also follows the similar step and 

adds on the economic variables in the conditional variance equation of each of the four 

specifications, the fourth step also follows the similar steps and adds on the deterministic 

shocks in the conditional variance equation of each of the four specifications and the fifth 

step completes the model where the stochastic shifts are added into the conditional variance 

equation of each of the four specifications. After labeling one of the four specifications to be 

the superior volatility model, the in-sample fit forecasting performance and the out-sample fit 

forecasting performance of the high/low beta portfolio returns volatilities are estimated and 

evaluated. Lastly, the asymmetry volatility spillover effect between the high/low beta 

                                                           
10 The AIC like various other parsimonious criteria brings an improvement in the log likelihood function of the 
model by including a penalty for adding regressors to the estimation model.  
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portfolio returns are estimated and also between the high/low and the economic variables 

respectively.  

Contribution of the Study 

The present study contributes in the existing literature on the stock return volatility at 

Karachi Stock Exchange in various ways. First, this study employs generalized ARCH 

models both symmetric and asymmetric with the view to examine that bad and good news 

have same impact on volatility or not. Second, the investor considers stock returns volatility 

as risk, therefore the present study examines whether the investors are getting reward for 

facing volatility estimated risk by using ARCH-in Mean Models. Third, the study applies 

specific to general model to estimate portfolio returns volatilities by incorporating financial 

variables (stock volume portfolio), economic variables (the stock market returns, the foreign 

exchange rate of returns, the foreign exchange reserves returns, the oil market returns and the 

gold market returns); deterministic events and stochastic shocks (change points) respectively. 

Fourth, the present study evaluates the forecasting performance of the in-sample and the out-

sample portfolio returns volatilities and assesses the superior model that estimates and 

forecasts volatility. Fifth, the volatility spillover effect between the high/low beta portfolio 

returns and of the high/low beta portfolio returns with the economic variables is examined 

respectively. Sixth, the present study has attempted to construct the equally weighted 

portfolios sorted on beta of the listed stocks of the KSE to further analyze the relationship of 

high-beta portfolio returns volatilities behavior and the low-beta portfolio returns volatilities 

behavior respectively.  
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Problem Statement of the Study 

The volatility of stock returns tend not to be well-estimated until the precise set of 

information such as the firm specific variables, the economic variables and any discrete shifts 

are not well accounted into the conditional variance of the stock returns (Pesaran and 

Timmermann, 2000). Secondly, since autoregressiveness and heteroskedasticity are the 

common properties of stock returns therefore the ARCH/GARCH models developed by 

Engle (1982) named as autoregressive heteroskedastic (ARCH) model and Bollerslev (1986) 

named as generalized autoregressive heteroskedastic  (GARCH) model tend to behave as the 

best measures of stock return volatility (Poon and Granger,2005). 

“The present study attempts to model and forecast portfolios returns volatilities by 

incorporating trading volume, economic variables, deterministic shocks (events) and 

stochastic shocks in the conditional variance of the portfolio returns and also attempts to 

analyze the volatility spillover effect between the high/low beta portfolios returns and of the 

high/low beta portfolio returns with the economic variables returns in the Pakistani market by 

employing univariate symmetric and asymmetric GARCH-M family of models”. 

Research Questions 

1) Does the portfolio returns volatilities’ behavior sorted on beta are well estimated by 

using generalized ARCH models? 

2) Is the volatility estimated risk compensated by employing generalized ARCH-in-

mean models? 

3) Are the portfolio returns volatilities asymmetric in nature? 

4) Do the trading volume, the economic variables, the deterministic events and the 

stochastic change points sufficiently affect the portfolio returns volatilities? 
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5) What is the performance of the in-sample and the out-sample forecasting of the 

estimated portfolios returns volatilities. 

6) Is there any volatility spillover effect between the high/low beta portfolio returns and 

of the high/low beta portfolios with the economic variables? 

Research Objectives 

The core focus of the study is to empirically analyze and evaluate the 10 portfolio 

returns volatilities (10 stocks each) of the listed firms traded on KSE for the time span of July 

1998 to June 2011. The autoregressive conditional heteroskedastic model(s) is employed to 

study the portfolios returns volatilities because autoregressiveness and heteroskedasticity are 

one of the common characteristics of financial time series especially the stock returns.  

Specifically, the objectives of the study are; 

1) To examine the portfolio returns volatilities behavior sorted on beta by employing 

generalized ARCH models.  

2) To examine that the volatility estimated risk is compensated by employing 

generalized ARCH-in-mean models? 

3) To examine the asymmetric nature of portfolio returns volatilities. 

4) To examine that the trading volume, the economic variables, the deterministic events 

and the stochastic change points sufficiently affect the portfolio returns volatilities. 

5) To assess the in-sample and the out-sample forecasting performance of estimated 

portfolios returns volatilities. 

6) To examine the volatility spillover effect between the high/low beta portfolio returns 

and of the high/low beta portfolio returns with the economic variables. 
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Significance of the Study 

Many studies have been conducted on Karachi stock exchange of Pakistan (Mubarik 

and Javed (2010), Javed (2008a; 2008b), Mamoon (2007), Hussain and Mahmood (2001) 

respectively. However, this research study shells to key important aspects in the existing 

literature as mentioned below; 

1)The study is the first comprehensive study based on most recent data to empirically 

estimate and analyze the stylized facts of volatility clustering of portfolio returns by 

employing one of the generalized ARCH-M models by incorporating volume portfolio, 

economic variables, deterministic events and the stochastic change points respectively.  

2) This research study empirically demonstrates portfolios returns volatilities as the 

barometer of the stock market for investment decisions for investors and market participants 

and most importantly for economic policy makers and the Securities and Exchange 

Commission of Pakistan 

3) The study helps in investigating the robustness of one of the generalized ARCH-M models 

to assess and evaluate the in-sample fit and out-sample fit forecasting performance of the 

portfolio returns volatilities that could be useful for investors and macro-economic policy 

makers for portfolio construction, security valuation and risk management. 

4) The study significantly assess the volatility spillover effect between the highest beta 

portfolio returns and the lowest beta portfolio returns as well as the volatility spillover effect 

between the highest and the lowest portfolio returns with the stock market returns and the 

four of the economic variables returns that could be beneficial and helpful for the macro-

economic policy makers and the Securities and Exchange Commission of Pakistan to develop 
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sound regulations for modern corporate sector and efficient capital market to foster 

investment and economic growth in Pakistan. 

Delimitations of the Study 

Some of the delimitations of the study are; 

1) This study employs four generalized ARCH models most commonly used in the literature 

out of approximately 100 ARCH models explained by Bollerslev, (2008). 

2) This research study could have taken a sample of more than 100 firms listed on Karachi 

Stock Exchange but those 100 listed firms comprising both of the financial and non-financial 

firms are employed in the present study that were continuously listed during the period of 

analysis. Secondly, the most active firms in trading and the representative of the relevant 

sectors are selected for the present study. 

3) There are many economic variables that exist in an economy but only five economic 

variables are taken that may bring novelty to this study as they actively determine the 

business conditions in the economy of Pakistan.  

Organization of the Study 

This study comprises of six chapters. Chapter 2 provides an overview on the 

performance of Karachi Stock Exchange, turnover of shares in Karachi Stock Exchange and 

the economic factors for the time period of July 1998 to June 2011. Chapter 3 explains the 

theoretical review and the empirical review relevant to the research study. Chapter 4 includes 

the description of the sample data and the methodologies used to reach to the empirical 

analyses of the present study. Chapter 5 explains the detailed description of the results and 

discussion of the present study and Chapter 6 concludes the study with the summary, the 

conclusion and the policy implications respectively. 
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CHAPTER 2 

OVERVIEW OF FINANCIAL AND ECONOMIC FACTORS 

The capital equity market plays a fundamental role in the development of a nation’s 

economy. The investment of financial instruments and the mobilization of funds need a 

proper allocation mechanism that is best provided by the equity (stock) markets.  This 

allocation mechanism of funds creates productive avenues for further investments of the 

investors which in turn brings improvement in the infrastructure of the whole economy.  In 

the early 1990s, Pakistan’s capital equity market was boosted up by the stable economic and 

financial policies such as the privatization of state institutes and the doors of investment were 

opened to the foreign investors with active repatriation benefits that is why; currently Karachi 

Stock Exchange has been labeled as one of the best emerging stock markets of the world. 

This chapter further explains the performance of the KSE share index and the KSE-

100 index for the time period of July 1998-June 2011. Thereafter, a brief discussion on the 

turnover of shares (trading volume) of the stocks listed in KSE-100 index for the time period 

of July 1998-June 2011 is explained further in the respective chapter. Then, the financial and 

economic performances of the five economic factors of Pakistan for the time period of July 

1998-June 2011 are described and lastly, the concluding remarks are presented in the 

respective chapter. 

KSE Share Index and KSE-100 Index of Pakistan 

The premier equity market of Pakistan is the Karachi Stock Exchange which is one of 

the highly liquid and premier stock exchanges of Pakistan and the KSE100 index is the 

benchmarked index of Pakistan against which the performances of each of the stocks traded 

in Karachi Stock Exchange are analyzed. As explained earlier that the emerging markets are 
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more volatile than the developed markets and Pakistan being one of the emerging markets of 

the world, its benchmarked index; the KSE 100 index has shown the rapid upward and 

downward price movements over certain periods of time for the last 13 years i.e. July 1998 to 

June 2011 which is as explained below; 

The KSE share index11 of the Karachi Stock Exchange for the fiscal year 1998-1999 

remained bearish with an aggregate market capitalization of Rs.289.2 billion due to the 

Kargil mission tension between Pakistan and India respectively but entered into the abrupt 

recovery trends in the fiscal year 1999-2000 with an aggregate market capitalization of Rs. 

391.9 billion with KSE share index of 1100-1500 points. Continued with its volatile behavior, 

once again the bearish trend was observed in the fiscal year of 2000-2001 but the KSE share 

index still remained stable between 1300-1600 points respectively. The fiscal year 2001-2002 

created a turning edge of continuous success for Karachi Stock Exchange due to major 

economic changes supported by positive sectoral growth that ultimately resulted in labeling 

Karachi Stock Exchange as the best performing world stock market by the ‘Business Week’ 

in the year 2002. The key factors that helped KSE in showing remarkable performance were a 

stable macro-economic environment, strong economic growth, stable exchange rate, capital 

markets active role in privatization changes, appropriate reforms initiated by Securities and 

Exchange Commission of Pakistan and the availability of adequate liquidity in the market. 

Following the landmark performances, the fiscal year 2003-2004 made a record high growth 

in the market activity by 44.6% with an aggregate market capitalization of Rs.1364.8 billion 

                                                           
11KSE 50 index was the 1st index introduced in the Karachi Stock Exchange and the trading was done through the open-cry 

system. 
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as to the fiscal year 2002-2003 of Rs. 755.8 billion market capitalization and the KSE-10012 

index rose to an impressive high from 3403 points to 5430 points respectively. 

Some abnormal bearish trends were observed in the mid of the fiscal year 2004-2005 

where firstly the KSE 100 index rose from 5210 points in July 2004 to 10303 points in mid-

March 2005 with an aggregate market capitalization of Rs. 2114.8 billion. However, 

observing the volatile trend in the stock market, the KSE-100 index again showed a sharp 

decline of 3364 points in the respective fiscal year due to some key reasons such as 

postponement in the privatization of state owned companies and excessive futures trading.  

For the 1st time in the history of Karachi Stock Exchange, the KSE-100 index attained 

12,274 points due to stable and steady economic policies of Pakistan in April 2006. 

Maintaining its momentum, the fiscal year 2006-2007 showed growth of aggregate market 

capitalization of Rs. 4019.4 billion due to local and foreign investors’ confidence in KSE. 

The fiscal year 2007-2008 observed the prominent political and economic structural changes 

e.g. the large-scale merger and acquisition activities that showed some decline in the 

performance of the equity market where the aggregate market capitalization declined to Rs. 

3,746 billion respectively. In April, 2008 the KSE index sky rocketed to 15,676 points with a 

rapid decline of 12,130.5 points in May, 2008 as compared to the June 2007 KSE 100 index 

points of 13,772.5 respectively. The upward and downward trend persistence in the next two 

fiscal years 2008-2009 and 2009-2010 resulted due to the poor law and order condition of 

Pakistan, uncertain political situation and the assassination of the former Prime Minister of 

Pakistan; Shaheed Benazir Bhutto but was further regained after the announcement of the 

election polls. The aggregate market capitalization of the KSE100 index for the fiscal year 

                                                           
12KSE 100 index was introduced in 1991 with the basis points of 1000 and till date is the representative of the best 

performing companies traded in KSE. 
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2008-2009 turned out to be Rs. 2,143.2 billion and that of the fiscal year 2009-2010 turned 

out to be Rs. 2732.4 billion respectively.  

Despite massive floods and implementation of reformed general sale tax, the fiscal 

year 2010-2011 initiated with a bullish trend of 12,682 points due to the heavy foreign 

investment in the capital market, significant foreign portfolio inflows and positive growth in 

corporate earnings with an aggregate market capitalization of Rs. 3147.6 billion respectively. 

In a nutshell, the performance of KSE share index and KSE 100 index described 

above clearly indicates volatility in the Karachi Stock Exchange at different points of time 

due to certain shocks (events) that created inertia in the stock market for the time period of 

July 1998 to June 2011 respectively.  

Turnover of Shares (Trading Volume) 

The voluminous literature supports trading volume also called as the turnover of 

shares as a proxy for information flow (Sun, (2003); Mustafa and Nishat, (2009), Mubarik 

and Javed (2010), Rashid (2007)) to study stock return volatility.  The present study briefly 

gives an overview on the turnover of shares that occurred in Karachi Stock Exchange during 

each fiscal year for the time period of July 1998-June 2011 respectively. The turnover of 

shares that have occurred in the Karachi Stock Exchange for the time period of July 1998 to 

June 2011 are vulnerable to the trading activity that is instigated by any shocks (events) that 

quickly impacts the stocks in the stock market already explained in section 2.2. Therefore, the 

following explanation is only restricted to the amount of the turnover of shares that occurred 

in Karachi Stock Exchange for the time period of July 1998- June 2011 respectively.            

As mentioned earlier in section 2.2 that the fiscal year 1998-1999 showed the bearish trend in 

Karachi Stock Exchange, the turnover of share (trading volume) resulted to be 25.5 billion of 

shares in the fiscal year 1998-1999 but showed an increasing trend by an amount of 48.1 
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billion shares in the fiscal year of 1999-2000 due to the rapid developments in the stock 

market. The fiscal year 2003-2004 came up with a record high turnover of shares amounting 

to 65.2 billion of shares thereby indicating a tremendous growth in the equity market and 

continued to be one of the best performing emerging markets of the world with turnover of 

shares optimizing to 71.7 billion shares in the fiscal year 2004-2005 respectively. Following 

the momentum of the continuous growth, some major events brought some decline in the 

trading activity of the KSE with turnover of shares worth of 56.9 billion shares in the fiscal 

year of 2007-2008. The turnover of the shares of the fiscal year 2010-2011 turned out to be 

28.2 billion shares but still at a sluggish trend as to the fiscal year 2009-2010 turnover of 

shares that amounted to 43.2 billion shares respectively.  

Economic Factors 

The present study also attempts to give an overview on the performances of economic 

factors that are included in the sample-data of the present research study. According to 

Schwert (1989), the economic variables have a key impact on the volatility of stock returns 

and if well accounted in the conditional variance of the stock returns may tend not to over-

estimate stock return volatility. The economic factors tend to play a pivotal role in the 

performance of the stock markets thereby affecting investor’s confidence and obtaining 

capital gains on long term basis. The economic factors that are explained below are the 

foreign exchange reserves (cash holdings), real foreign exchange rate, the oil prices, the gold 

prices and the stock market return, respectively; 

Foreign exchange reserves (cash holdings). The foreign exchange reserves (in US 

dollars) of Pakistan have shown a stable rising trend from the fiscal year 2003-2004 due to 

high private inflows, stable exchange rate, high foreign direct investment and high proceeds 

of exports amounting to $ 12.505 billion in 2004. The foreign reserves stood low in the start 
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of the fiscal year 1998-1999 with an amount of $930 million as response to the economic 

sanctions and regained the position in the year 2000 with an improved macroeconomic 

situation with an amount of $1352 million but again fell to $1123 million in the year 

2001.Continued with the brisk performance, the fiscal year 2004-2005 showed an upward 

trend of the reserves amounting to $13000.2 million respectively. The decline in current 

account deficit and increase in the inflow of the financial account, the foreign exchange 

reserves improved in the start of the fiscal year 2007-2008 amounting to $15,646 billion but 

again declined to $12,344 observing a percentage change of 26.74%by the end of the fiscal 

year 2007-2008 due to the rise in the current account deficit and net outflows from portfolio 

investment. For and since the fiscal year 2008-2009, the rising trend has been observed in the 

foreign reserves of Pakistan and has reached to $17.1 billion in the fiscal year 2010-2011 due 

to major contributions from the Emergency Natural Disaster Assistance fund and Coalition 

Support Fund provided by the International Monetary Fund (IMF) with the amounts of $451 

million and $743 million respectively. The graphical representation of the foreign exchange 

reserves trend during the time period of July 1998 to June 2011 is given below; 
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Real foreign exchange rate. Pakistan opted a multiple type of exchange rate system 

comprising of the composite rate (official and floating interbank exchange rates), official 

exchange rate pegged to the US dollar (by State Bank of Pakistan) and a floating interbank 

exchange rate (FIBR) in the year 1998. In the year 1999, the multiple real exchange rate 

system was converted into the unified real exchange rate system where the Pak-Rupee was 

pegged to the US Dollar within a specified band of Rs.52.10-Rs.52.30 per dollar. Finally, the 

existing market based floating real exchange rate in Pakistan was introduced in July 2000 to 

determine the exchange rate on the basis of demand and supply position in the foreign 

exchange market. The real foreign exchange rate showed a premium trend in the start of the 

fiscal year 2000-2001 but consequently depreciated due to heavy payments of the foreign 

obligations and petroleum oil and lubricants import bills in the year 2001. Following no acute 
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effect of the previous three fiscal years, the fiscal year 2004-2005 showed an improvement in 

the Pakistan’s export market due to the depreciation effect of the real effective foreign 

exchange rate respectively. Similarly, a depreciating effect in the real exchange rate was 

observed in the fiscal year 2007-2008 after stability of four years due to the speculative 

activity in the Forex market and uncertain political and economic situation of Pakistan. The 

real foreign exchange rate kept on fluctuating between Rs 57.6 to Rs 60.63 per US dollar 

during 2004-2007 respectively. The Pak-rupee appreciated in the fiscal year 2009-2010 

relatively but further slightly depreciated in the fiscal year 2010-2011 due to the discouraging 

trend of the other international currencies against US dollar with a respective amount of Rs 

94.10 per dollar. The graphical representation of the real foreign exchange rate returns during 

the time period of July 1998 to June 2011 is given below; 
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Stock market return. The researcher restricts the explanation on the market return to 

avoid dubious description on KSE 100 index because the stock market return is the 

logarithmic computation of the KSE100 index and the detailed description on the KSE 100 

index is already explained in section 2.2. However, the graphical representation of the market 

return for the time period of July 1998 to June 2011 is given below; 

 

In the figure above, the upward and downward movements of KSE 100 index returns clearly 

indicate stock market return volatility at different points of time for the time period of July 

1998 to June 2011 respectively. Some of the events that created inertia in the KSE 100 index 

returns are the nuclear test conducted by Pakistan in the month of November in the year 

1998, the Kargil mission tension India and Pakistan in the year 1999, the transaction 

settlement days (T+3) and an attack on the French citizens in Karachi in the year 2000 and 

2002, excessive buying in the ready market and the withdrawal of funds by the commitment 



ANALYSIS OF VOLATILITY OF PORTFOLIO RETURNS: EVIDENCE FROM PAKISTANI STOCK MARKET             24 
 

 

of traders (COT) financiers in the year 2005, modification of capital value tax and the 

introduction of the universal identification numbers in the year 2006, state of emergency 

chaos in the year 2007. The multiple surprises/shocks were observed in the year 2008 

comprising of the resignation of ex-President Pervez Musharraf in the month of August, the 

global financial crisis in the month of December and the removal of the floor of the stock 

prices in the month of December.  The mid-year 2009 created inertia in the stock market after 

the restoration of the judges in the month of April respectively. 

Crude oil prices. Another important external variable that affects the stock market 

volatility is the crude oil prices. As the major consumption of the crude oil in Pakistan is 

fulfilled through imports, therefore this study explains the international trends in the crude oil 

performance for the time period of July 1998 to June 2011 respectively. In the time period of 

the July 1998-June 2011, the crude oil prices showed the fluctuating trends in its prices due to 

certain events that occurred worldwide. The war that took place between Iraq and Kuwait in 

the August 1990 made Saudi Arabia the active exporter that doubled its exports worldwide 

for almost a decade. The year 1998 was startled by the Asian Financial Crises and Saudi 

Arabia the only biggest exporter shaped up it exports according to the market demand and the 

prices remained considerably low with an amount of approximately $25. The oil price trend 

before the fiscal year 2002-2003 remained stable with the steady oil prices until the exports 

of crude oil were affected due to the 2nd Gulf war that started in 2003 and the Iraqi oil exports 

reduced by more than 2mbd that were further offset by the increase in the Saudi exports. 

Because of Saudi Arabia acting as one of the active exporter relative to other OPEC 

countries, the speculators intruded into the crude oil market worldwide that resulted into the 

price hike of the crude oil prices ever experienced in the last two decades. As a defensive 

strategy, the OPEC countries reduced the oil supply to the nations worldwide that helped in 

controlling the price hike. Observing steady trends ahead, again global volatility was 
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observed in the year 2011 due to the Libyan Civil war where the oil production was reduced 

to approximately 90% of 1.7mbd. The graphical representation of the oil market returns 

during the time period of July 1998 to June 2011 is given below; 

 

Gold prices. Another important economic factor that affects the stock market trading is the 

Gold prices. Since the prehistoric times, the gold is meant to contain an intrinsic value in its 

metal that currently has turned it into a financial asset. Gold as a physical asset contains 

within itself some of the key features such as durability and global recognition that retains its 

fundamental value in its long run. The investors’ focal concern of their investments is to earn 

a handsome return and the reason gold is added to the portfolio of stocks is to hedge against 

any default risk. Since 1991, gold is gaining its momentum as one of the highly liquid 

physical assets that is actively traded across the globe at intraday spot prices at over the 

counter trading. This intraday trading reveals the precise flow of information of the metal at a 
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given point of time. Pakistan, being one of the emerging markets of the world is sensitive to 

the environmental shocks and observes volatility in its capital markets. Therefore, for the safe 

accumulation of wealth the Pakistani investors are now inclined towards the healthy 

investment in gold to hedge against these shocks. 

Since a decade, the gold has shown an appreciation in its prices because of it being 

the highly liquid and secure financial asset. As the gold production is very low in Pakistan 

and is majorly imported, therefore based on the real foreign exchange rates, the gold rate is 

converted from the U.S. Dollar to Pak. Rupees. In the time period of the year 1998-2011, the 

prices has shown a steady  increase from Rs 6,280 per tola in 2002 to Rs 62,600 per tola in 

2011 because of the shift in the investment trends (in gold) to hedge against inflation risks 

observed in the country. Interestingly, in the year 2013, Pakistan is ranked 10th in its 

consumption of gold with more than 100 tons of gold consumption13. The graphical 

representation of the gold market returns during the time period of July 1998 to June 2011 is 

given below; 

 

 

                                                           
13Source: “Website of Business Recorder”, (April 2013), statement given by Zubair Ahmed Malik, the President of 

Federation of Pakistan Chambers of Commerce and Industry (FPCCI). 
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Concluding Remarks 

The fluctuating movements of KSE share index and the KSE 100 index in Karachi 

stock exchange, the abrupt increase and decrease in the turnover of shares and the bullish and 

bearish trends of the economic factors provides evidence of volatility in the Pakistani stock 

market for the time period of July 1998- June 2011. 

The empirical research reveals that the emerging markets tend to be more volatile 

than the developed markets because of less fundamental and economic stability in the 

respective markets Aggarwal (1999).  Therefore, it becomes important to empirically test the 

stock return volatility in context of Pakistani market and find out the impact of the exogenous 

variables such as the trading volume, the economic factors, the deterministic shocks (events) 
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and any unobserved (stochastic) shocks that may trigger the trading activity in the stock 

market of Pakistan.  
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CHAPTER NO. 3 

LITERATURE REVIEW 

The volatility of stock returns is extensively researched in the developed markets but 

still needs to be acutely addressed in the emerging markets. The simplest measure of 

volatility in terms of statistics is the dispersion of returns for a given security from its mean 

value (Poon and Granger, 2003) and is only meaningful for the normal distributions but not 

for time varying parameters with varying distribution shapes14. As volatility possesses 

clustering properties (Kavocic, 2008) thus leptokurtic distributions are observed in the 

parameters of stock returns.  This chapter reviews the relevant literature on the stock returns 

volatility by explaining the empirical evidence of the stylized facts of the financial return-

volatility relationship and the theoretical evidence on the autoregressive conditional 

heteroskedastic (ARCH) models respectively. Further, to detect the stochastic change points 

in the unconditional variance of the portfolio returns, the theoretical evidence on the iterative 

cumulative sums of square (ICSS) algorithm is explained. Thereafter, the empirical evidence 

on the effect of the trading volume, the economic variables, the deterministic events and the 

stochastic change points, the effect of the information asymmetry, the forecastability of the 

stock returns volatility and the volatility spillover are given respectively. Lastly, the 

concluding remarks are presented in the respective chapter. 

 

                                                           
14It is calculated as the sample standard deviation;  

 

Where  is the mean return at time t and the equation represents the second moment characteristic of the 

sample. 



ANALYSIS OF VOLATILITY OF PORTFOLIO RETURNS: EVIDENCE FROM PAKISTANI STOCK MARKET             30 
 

 

Review of Stylized Facts of stock Return-Volatility Relationship 

Literature provides evidence of some stylized facts of time varying properties of stock 

return and volatility in the financial markets. First, volatility is upward and downward price 

movement thus the information flow content is also considered to be asymmetric in nature to 

analyze the impact of positive and negative news on volatility of stock returns known as the 

leverage effect(Black, 1976). Second, the information flow is unobservable and tends to 

exhibit positive skewness and large kurtosis (Richardson and Smith, 1994). Third, volatility 

persists and clusters giving rise to long memory effect in the fat tail distributions of stock 

returns. Therefore, the stock prices are time dependent possessing random-walk properties 

and tend to be non-stationary in nature (Poon and Granger, 2003).  Fourth, heteroskedasticity 

alone makes the time varying estimation of asset-pricing relationships more inefficient (Poon 

and Granger, 2005) thus, the ARCH specifications best explains the risk- return relationships. 

Fifth, the family of GARCH models out performs in providing best forecast of in-sample 

stock market volatility as compared to historical standard deviation and exponentially 

weighted average models (Yalama and Sevil, 2008).  

Keeping in view some of the key stylized facts of the stock return-volatility 

relationship discussed above, many stock return volatility models have been introduced in the 

finance literature. The simplest model to test stock return volatility is the random walk model 

that is based on the assumption of constant variance but empirical research reveals that 

(Rashid and Ahmad, 2008); (Yu, 2002) the constant variance is an inefficient measure of 

volatility because of the volatility clustering property of stock returns and recommend the use 

of ARCH family of models to test stock return volatility. Another extensive study conducted 

by Poon and Granger (2005), the authors have tested the historical volatility models, ARCH 

models, stochastic volatility models and the option-implied volatility models to judge the best 

performance of the said four volatility models. The historical volatility models comprises of 
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the random walk model, historical averages, fractionally integrated models and exponential 

smoothing model. The ARCH models are the autoregressive and the moving average time 

series models with the integrated effect of the information flow. The stochastic volatility 

models incorporate the innovation terms in the regression equation. According to the authors, 

for the asset class of options, the option-implied volatility model outperforms to forecast 

volatility but for the time series data the ARCH family of models seems to be superior to the 

historical volatility models and the stochastic volatility models. 

As this research study is the time series study where the daily portfolio return 

volatility is analyzed therefore based on the literature mentioned above the superior volatility 

models seems to be the ARCH family of models because of their capacity to capture the time 

varying property in the conditional variance of the stock returns. The researcher therefore 

attempts to provides the theoretical review of the ARCH models that may explain their 

specification with evidence whether actually it efficiently captures the volatility clustering 

property of stock returns in the conditional variance of the stock returns respectively.   

Review of Theoretical Evidence on ARCH/GARCH Models 

Researchers have proposed numerous volatility ARCH and GARCH models 

explained in Poon and Granger (2003, 2005) and Loudon et al. (2000) and a  study conducted 

by Bollerslev (2008) that explains approximately more than 100 GARCH models 

contributing in efficient estimation and forecasting of the clustering properties as well as 

analysis of time varying properties of financial returns. It is interesting to note that all other 

models exponentially weighted moving average employed by Yu (2002); Brailford and Faff 

(1996), conditional autoregressive range described by Chou (2005), conditional 

autoregressive value at risk explained by Engle and Manganelli (2004) possess direct or 

indirect properties of GARCH family of models.  
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The volatility model that best captures the stylized facts of the stock return volatility 

was originally introduced by Engle (1982) with the name of autoregressive conditional 

heteroskedasticity (ARCH) model. The model successfully captures the volatility clustering 

property of the stock prices suggesting that the stock returns are not constant over time and 

possess the long memory behavior. The ARCH model is an autoregressive process that is 

used to model conditional hetroskedasticity and that the errors tend to be seriously 

uncorrelated and possess autocorrelation in the non-linear interdependence in the squared 

errors. Motivated by this volatility model, Bollerslev (1986) introduced the generalized 

ARCH model that tend to behave as an autoregressive and moving average process which 

adds the moving average components to the autoregressive process of ARCH model which 

tends to be symmetric in nature.  According to Engle, (2001) the GARCH model is also the 

weighted average of the past squared residuals with the declining weights that never reduce 

completely to zero. This model also tends to be superior in the forecastability of the 

conditional variances in the GARCH model. The parameters tend to be the weights that are 

estimated for volatility which further allows the data to identify the superior weights of the 

past squared residuals. The simplest GARCH model reduces to the ARCH model if the 

moving average component of the model disappears. 

Engle, Liliens and Robins (1987) introduced another GARCH model named as 

GARCH-in-mean model to analyze the risk and return relationship. In the model an 

additional regressor in the form of the exogenous explanatory variables is added into the 

conditional variance equation as an arbitrary function of condition volatility. 

Another GARCH model to study the leverage effect in the stock returns volatility has 

been introduced by various authors to study asymmetry in the stock returns volatility. The 

exponential GARCH (EGARCH) model has been introduced by Nelson (1990), the threshold 
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ARCH (TARCH) by Zakiaon (1993) and GJR model by Glosten, Jagnathan and Runkle 

(1993) to study the direction and the scale of past shocks in the volatility predictability.  

Review of Theoretical Evidence on Iterated Cumulative Sums of Squares (ICSS) 

Algorithm 

The basic concept of the ARCH model is that of the stochastic conditional variance 

because it is empirically tested that the current stock returns are the function of the past stock 

returns and that the information flow which is taken as proxy for trading volume plays a 

significant role in shaping up the prices of stocks. At the same time, the ARCH models find 

the unconditional variance to be constant but according to Tiao and Inclan (1994) the 

stochastic changes can be identified in the unconditional variance in the ARCH framework 

by employing the iterated cumulative sums of squares (ICSS) algorithm also named as 

change points. The ICSS algorithm is the extension of the cumulative sums and cumulative 

sums of squares (CCSS) developed by Brown, et al (1975). Various procedures are used by 

the researchers to detect the stochastic shifts in the mean and variance of stock returns. The 

concept of cumulative sums and the cumulative sums of square introduced by Brown et.al. 

(1975) computes the shifts in the mean and variance of the stock returns series by considering 

that the average returns of most of the stocks in the portfolios do not significantly differ from 

zero.  The discrete shifts in the mean can be identified by checking for the significance of 

sequentially computed portfolio mean returns. The portfolio means are defined as;  

         (1) 

Where k=2,…..T and t=1,2……..T. 
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Let t’ be the shifts for the first time at which   becomes significantly different from zero 

and t’ is considered as the first change point. This process is repeated for each of the high/low 

beta portfolios and the identification of change point continuous until there is no significant 

 in the rest of the stock return series. 

Another procedure to check for any change point in the mean of each of stock returns series 

is to take the difference between the two means that is  and   , t=1,2,3,…..T and 

k=2,3……T. is tested,  where  

                 (2) 

 

and 

                (3) 

  

Starting from t=2 let t’ be the first change point with the difference between the two 

means different from zero. This process is repeated until no significant difference is found in 

the stock mean series. Simultaneously the same approach can be applied to variance series of 

the stock returns.  If t’ is the point at which the ratio of the two variances differ from 1. Then 

it is labeled as the first change point in the variance of the stock returns series. This process is 

repeated until no significant ratio is observed in the variance of the return series. 

The cumulative sums of squares algorithm is deficient in identifying only the major 

change points and ignores the minor change points; a concept called the masking effect. 

Therefore, this study has used the most comprehensive approach for the detection of 

stochastic shifts called as an iterated cumulative sum of square (ICSS) Algorithm developed 
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by Inclan and Tiao (1994). Since the portfolios returns volatilities is the focal concern of the 

study therefore the stochastic shifts are identified in the unconditional variance of each of the 

portfolio return series respectively. This algorithm makes use of the centered version of the 

cumulative sum of square to detect the number, magnitude and systematic fluctuation in the 

variance of the portfolio return series at varying period of the time. Let  a portfolio of 

stock returns which follows the first order auto regressive stochastic process around its mean 

value expressed as; 

                (4) 

 Where the mean of the portfolio series is,   is an independently distributed error term 

with zero mean and variance   where variance in the near next time period is assumed to 

remain constant for some time. The next sudden jump in the variance of the portfolio series is 

observed due to some environmental shocks which again becomes constant at some point of 

time and observes another jumps or discrete shifts within effect of some shock that occur in 

another instant of time. The change in variance  can be denoted by npi, i =1,2……….m; 

where m is the total number of change points  and the stationary phase in the variance can be 

denoted by   where i =0,1,2……..m; that is  

 For 1  < t  <  n1                (5) 

 

 For npi   <t <  n2             (6) 

 

                                     . 

                                     . 

 For npq < t<  T                         (7) 
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Where   is the identification of first change point from the first observation to that 

observation that has the last change points. Likewise,    is identification of the change 

point from the first change point to that observation that contain the second change point and 

this process continues until  reaches the last change point and end the series to last 

observation. 

The property of  in above equation is to check for any change in volatility at varying 

periods of time of each of portfolio return series. As  is a squared measure of volatility 

therefore the values  tends to be higher at large volatility and tends to lower at low 

volatility. The cumulative sum of square of  series is expressed as; 

                (8) 

 

 Where   k=1,2,……T; and small t = 1,2,……T; 

The  contains each observation of the CSSk series of each portfolio returns with last 

k th observation as series are the sum of square therefore the data points tends not to be non-

negative and don’t behave as non-declining function of k. This function of k is reflected as an 

increase and decrease in the variance which is automatically shown with the line below or 

above the x-axis of the graph respectively. If the value of k is large then the volume of 

change in CSS will tend to act small and the change in the variance may bring a minute 

change in the slope of CSSk plot and this becomes difficult to identify the change point from 

its plot. 
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This gap of the cumulative sums of square led Inclan and Tiao (1994) to introduce the 

centered cumulative sums of squares with mean zero which is expressed as; 

                (9) 

Where k=1,2…..T; 

In the above equation, the CSSk tends to have a positive slope straight line with zero 

intercept at x-axis. Therefore, it becomes easy to identify the change points from its plot. It is 

further assumed that variance remains stationary throughout the return series and the 

CSSK(T/2)1/2 follow the Brownian bridge asymptotically with the critical value of 

95thpercentile of + 1.358 and 99th percentile of + 1.628 respectively. These critical values are 

used to check for any significant change points in the return series. An extension to the 

centered cumulative sums of squares algorithm is the iterated cumulative sum of square 

(ICSS) algorithm proposed by Inclan and Tiao (1994) to check for more than one change 

point at a given point of time. The ICSS algorithm first find the stochastic shift in the extreme 

of return series and then moves towards the center of return series respectively  

Under the assumption of the homogeneous variance if the maximum CSSK (T/2)1/2 

is less than the critical value then there is no clue of change point in the return series and the 

algorithm ends. Similarly if the maximum CSSK (T/2)1/2 is greater than the critical value at 

some point k it provides an evidence of change point and the process continues. The series is 

further divided into two parts that is T<k1 and T>= k and the location of change point is 

carried out until the last possible change point is located respectively. If the value of the 

maximum CSSK (T/2)1/2 is insignificant in both parts of the return series then the algorithm 

ends its process and only one change point is identified.  
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 If the value of maximum CSSK(T/2)1/2 are significant in either part of return series 

then there is a systematic evidence of  the first and the last possible change point in the new 

set of return series. If T<k1 for the first change point only and the maximum value of CSSK 

(T/2)1/2 is significant in the series where T<k1 then another k1 first change point is identified 

and the algorithm continues its process until no further change point is identified from start of 

return series to the first change point plot forward from the preceding first change point 

through the iteration process. For the last change point of the return series, similar process is 

continued until no significant change point is identified in the lower part of the return series 

comprising of the last observation.   

Moving toward the centered of the return series the similar steps for the first change 

point in the upper part of the middle series and the last change point of lower part of the 

middle series are repeated. The second change point and the second last change points are 

identified and the third and third last change points are identified through iteration process 

until no significant change points are located further. This algorithm may find numerous 

change points at a given point of time in each segment which is handled with the process of 

iteration to accept and reject the number of change point occurring at a given point of time. 

This iteration process checks for each change points with the corresponding point occurring 

at a given point of time for example the first second and third change point are occurring at 

the same time in a particular segment of the return series therefore to cancel out the fact of 

the numerous change point occurring at the same time, that change point is accepted whose 

value is greater than the critical value otherwise it is rejected. This process is repeated for all 

the change points of a particular segment until the convergence occurs and the location of the 

change points do not differ and remain within a specified limit. According to Inclan and Tiao 

(1994), any sample size greater or equal to 200 observations and variance ratio greater and 
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equal to 3 efficiently locates the current change point in the unconditioned variance of the 

return series respectively.  

Review of Empirical Evidence 

Extensive literature provides support for autoregressive moving average (ARMA) 

models to estimate stock return volatility and to analyze and evaluate forecasting behavior 

and performance of stock return volatility particularly with ARCH/GARCH specifications. 

The empirical literature below describes various asset pricing models and concepts that have 

been introduced in the literature to investigate and examine the stock return volatility through 

various exogenous factors such as the trading volume, the economic variables, the effects of 

the observed events and the stochastic shifts or change points identified in the unconditional 

variance of the stock returns.   

Empirical evidence on return-volume-volatility. The incorporation of trading 

volume in the models to study price-return variability dates back to Osborne (1959) who 

introduced the Brownian Motion Process15in which the security prices were modeled as a 

lognormal distribution of the variance term dependent on trading volume. Trading volume 

which is commonly taken as a proxy for information flow by numerous researchers can either 

be positively or negatively autocorrelated based on the trading behavior of stocks.  One of the 

prominent financial theory termed as the mixture–of-distribution hypothesis (MDH) 

introduced by Clark, Epps and Epps and Tauchen and Pitts [Bollerslev & Jubinski, 1999] 

explains that the price of the securities decrease on bad news and increase when the news is 

good and then adjust to a new equilibrium. Regarding this phenomenon, the absolute returns 

and trading volume are considered to be positively correlated.  

                                                           
15Brownian motion process models the random behavior of a substance that evolves overtime and is considered 

to be a simple continuous stochastic process often used by finance academicians to study the asset price. 
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Suominen, (2001) has studied the return trading volume relation based on the private 

information. Though lot of uncertainty is seen in the asset returns and equity return markets, 

he stresses that if such uncertainty is easier for the traders to monitor the market, it is better 

for them to consider the regular changes in the private information. This change may be due 

to the introduction of a new product, an amiable or hostile acquisition and a constant change 

in the asset returns. In the respective market microstructure model, the study has estimated 

the availability of private information based on the past periods’ trading volume. Such 

information is important for traders to make investments and analyze the payoff strategy of 

the security.  The study concludes that that there is a positive correlation between price 

variability and trading volume, the former dependent on the private information and that 

conditional variance cannot be solely assessed through the price changes but information 

regarding trading volume is needed.  Darrat, Rahman, and Zhong (2003) have compared two 

important renowned theoretical implications of stock market on 30 stocks of Dow Jones 

Industrial Average for a time period of April 1998 to June 1998 on intraday basis. One is 

termed as the mixture of distribution hypothesis (MDH) that explains a correlational volume-

volatility relationship. Second is termed as sequential information arrival hypothesis (SIAH) 

that explains the causal relationship between the volume-volatility relationships. Based on 

exponential generalized conditional heteroskedasticity in mean (EGARCH-M) estimation, the 

results support the causal volume-volatility relationship (SIAH) over the correlational 

volume-volatility relationship (MDH). As the authors have used the intraday data thus it is 

possible that it is more compatible with the SIAH properties whereas it is also possible that if 

the data is applied on the daily stock returns the results could face a turnaround impact of 

corelational volume-volatility relationship (MDH). 

Sun (2003) has studied the relationship between trading volume and security prices 

and returns emphasizing on the importance of the volume in the prediction of security prices. 
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His paper mainly focuses on the work done by [Campbell (1993) and Morse (1980)]. His 

findings support the results concluded by Campbell based on the event windows regarding 

earnings announcements. One important factor considered in prediction of prices is trading 

volume. This volume is the measure of the quantity of shares for a given security which 

eventually acts as a yardstick for investment. The higher the volume of the listed companies, 

more securities is traded in the stock exchange. Further, he analyzes that volume has 

correlated affect with the new information. The findings support Campbell’s hypothesis 

highlighting negative autocorrelation of returns before earnings announcements indicating 

that pre-earnings trading is likely non-informational and the availability of asymmetrical 

information is small. Similarly, Barclay and Hendershott, (2003) explain the importance of 

trading volume in the determination of the price discovery based on pre-trading hours and 

post-trading hours. They suggest that prices are more efficient during the trading day than 

after hours and more information is revealed at this time. The authors have selected two 

datasets; one containing all after-hours trades ranging from 8:00 a.m. to6:30 p.m. and quotes 

for NASDAQ-listed stocks ranging from March 2000 to December 2000 comprising of 212 

trading days and the second dataset comprising of the same time period obtaining the trades 

and quotes during 9:30 a.m to 4:00 p.m. They have used the Easley, Kiefer and O’Hara 

(EKO) model to have an acute observational analysis on the trading done on stocks in the 

preopen, post close and trading day periods based on the probability on informed trade (PIN). 

The authors find that the information revelation is more during the post close as both the 

public and private information is usually accumulated overnight when the trading diminishes. 

Investors either interested in the options market and stock market, price discovery is 

of key importance for them as opined by Chakarvarty, Gulen and Mayhew (2004). The 

authors have raised the question of the price discovery related to the trading volume and 

spread differences and flow of information. The sample comprises of 60 firms from the 
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multiple markets using the tick-level data from stock and options market over a period of five 

years ranging from 1988 to 1992. The multiple markets include the New York Stock 

exchange, Chicago Board Options Exchange Institute for the study of Securities Markets and 

Berkley Options Database.  They have tried to explore the relation of the price discovery with 

the two markets through the cross sectional analysis and time-series variation by using the 

Hasbrouch’s information share approach as it measures each of the markets contribution to 

price discovery and the total variance of the common random walk component. The authors 

find sufficient evidence about the relation between trading volume and price discovery in the 

two markets and the volatility of the stock. All the above mentioned findings indicate that 

price discovery is higher when the bid-ask spreads are narrow and the trading volume is high.  

In another study, the presence of ARCH effect in the residuals of return volatility is  

demonstrated by Kang and Yoon (2007)  Based on the daily prices and trading volumes of 20 

individual stocks for the time period of October 2005 to September 2007, authors have 

examined the persistence of conditional variances and asymmetric behavior of the variables 

by the application of generalized autoregressive conditional heteroskedasticity (GARCH) 

model and exponential generalized autoregressive conditional heteroskedsticity (EGARCH) 

model. These models are employed to examine the assumption of mixture of distribution 

hypothesis that trading volume is a useful proxy for information flow and that the ARCH 

effects are not present in the residuals by including this proxy.  

Kyrolainen, (2007) has studied the relation between stock price volatility and day 

trading in the Finnish market. The author sub-divided the day trading factor into two 

components one being the number of transactions and the other being the trade size, to create 

precision in the results. A sample of top ten stocks are chosen listed on the Helsibnki Stock 

Exchange taken from the database of Finnish Central Securities Depository (FSCD) for a 

period of January 2 1999 to December 312003. To reach the conclusion, author has made use 
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of the time series regressions and find that there is a strong relation between the trading 

volume and the stock price volatility and is more stronger if the trading volume is taken as 

the number of transactions as a statistical tool of trading activity. Girard and Omran, (2009) 

in their study have again focused on the relationship between trading volume (taken proxy for 

information flow) and stock volatility of 79 companies listed in Cairo and Alexandria Stock 

Exchange.  The authors’ work primarily focuses on the analysis of positive or negative 

relationship between daily stocks and trading volume for the time period of January 1998 to 

November 2005 with split up data analysis before and after May 2001. The results find the 

positive relationship between volume-stock volatility when trading volume is included in the 

conditional variance equation of TGARCH model with asymmetric information flow in the 

stock exchange.   

Empirical evidence on the relationship between stock-return volatility and 

economic variables. Over the past three decades a substantial amount of attention has been 

directed towards the identification of the economic variables that influence stock returns, a 

concept generated by Schwert (1989). These economic factors are also called as the economic 

variables by the researchers to empirically estimate and analyze the seasonal and cyclical 

effects on stock return volatility along with the other firm specific factors. These cyclical 

factors are the key ingredients of the systematic risk as explained by Sharpe (1964) that is 

unavoidable and non-diversifiable in nature. That is why; these economic indicators along 

with the financial indicators are of key interest to the monetary policy makers to determine 

their influence on the development of asset pricing strategies, risk management practices and 

asset portfolio management. 

Ho, Perraudin and Sorensen (1996) have studied a continuous-time asset pricing 

model to identify risk-neural probability distributions in pricing derivatives. The data set 

comprises of Standard ad Poor 500 index and seven individual stocks of Citicorp, Dow 
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Chemicals, Hershey Foods, General Motors, National Semiconductor, Pacific Gas and 

Electric and Kodak. Based on generalized method of moments (GMM), the authors find jump 

components and Brownian motions supportive of modeling asset returns. Muradoglu, Taskin 

and Bigan (2000) have studied the relationship between macroeconomic variables and stock 

returns of nineteen emerging markets. The dataset comprises of monthly time series S&P 

index for the time period of 1976 to 1997. The macroeconomic variables consist of exchange 

rates, interest rates, inflation, industrial production and country indices. Based on Granger 

Causality tests, the authors find strong association between stock returns and macroeconomic 

variables and also at world market level based on financial liberalization. In another study, 

Chaudhuri and Koo (2001) have examined the relationship between domestic and 

international macro variables with the stock return volatility. The domestic variables are 

identified as industrial production, government expenditure, the exchange rate, inflation and 

money supply. The international variables are identified as interest rates and stock prices in 

developed and neighboring countries. Based on multiple regression analysis, authors find the 

co integration effect implying that a shock in one market eventually affects the other market. 

Sun and Zhang (2001) have demonstrated asset pricing models identified as capital asset 

pricing model (CAPM) and arbitrage pricing theory (APT) on forestry-related investment 

vehicles.  The arbitrage pricing theory is considered to be the extension of capital asset 

pricing model as it includes multiple factors influencing asset returns. The authors have 

employed maximum likelihood factor analysis (MLFA) in addition to other three factor 

analyses models identified as macroeconomic factor model, fundamental factor model and 

statistical factor model. All models except for statistical factor model show more arbitrage 

opportunities among assets thereby supporting arbitrage pricing theory (APT) over capital 

asset pricing model (CAPM). 
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Daniel, Hirshleifer and, Subrahmanyam (2001) have studied a pricing model in which 

expected security returns are determined by risk and investor misevaluation. The model 

comprises of value-growth effects, fundamental/price variables and prediction future returns. 

The model includes two types of traders one with private information and the other with no 

private information. The authors conclude that CAPM β is a useful model to predict future 

security returns no matter investors confuse the covariance matrix of returns and the usual the 

book/market effects are aligned with individual information content regarding security 

returns. Chordia and Shivakumar (2002) have examined the impact of macroeconomic 

variables in generating profits to momentum strategies of asset returns. The dataset comprises 

of variables identified as value-weighted market dividend yield, default spread, term spread 

and yield on three-month T-bills and the monthly stock returns of NYSE-AMEX stock 

exchange. Authors have employed rational pricing theories that conclude that the 

macroeconomic variables play a key role in predicting stock returns and show profits to 

momentum strategies. Flannery and Protopapadakis (2002) have studied the influence of 

macroeconomic factors on aggregate stock returns. The sample consists of 17 macro 

announcement series of NASDAQ market for the time period of 1980 to 1996. Based on 

GARCH model, authors find that out of 17 macro variables 6 are strong risk factor candidates 

identified as three nominal consumer price index, industrial production index and a monetary 

aggregate and three real namely balance of trade, employment report and housing starts. The 

authors conclude that no matter the underlying macro series affect prices but the time varying 

responses by the market may make equity returns insensitive to macro announcements. 

Abadir and Talman, (2002) have employed real economic (RE) model on 

heterogeneous productive sector based on standard monopolistic competition framework. The 

authors have contributed to develop an equilibrium model to work out the time series 

properties of GDP per capita. Authors find long memory for the aggregate series due to 
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temporary microeconomic shocks in the equilibrium model. The authors conclude that as the 

aggregate GDP possess long memory property so it could not be aligned with the individual 

components of GDP. The aggregation over heterogeneous units shows variability because of 

the increased probability of correlation of one component with different component at any 

later date. Gallagher and Taylor (2002) have studied the association between economic 

shocks and stock price movements. The dataset comprises of monthly U.S. stock prices, 

consumer prices, interest rate, output, the wage rate and consumption for the time period of 

January 1949 to December 1997. The temporary demand shocks and permanent supply 

shocks of stock price movements are analyzed through the application of simple macro 

model. Based on restricted vector auto regression process (VAR), authors conclude that real 

stock prices are related to real economic variables and are only affected in the long run by 

supply-side shocks.  Likewise, Fifield, Power and Sinclair (2002) find a strong role of 

inflation, foreign exchange rate, gross domestic product, short-term interest rates, the money 

supply, and the trade balance in explaining fluctuations in the returns of stock markets for the 

time period of 1987-1996. In another study by Hassapis (2003), the author finds a significant 

relationship between the financial variables and output growth in both markets of Canada and 

United States through the non-parametric cross-correlation technique. The sample comprises 

of monthly data for the time period of January 1966 to September 2000.  

Bondarenko (2003) has demonstrated a zero cost trading strategy concept namely 

statistical arbitrage opportunity (SAO). The equilibrium condition is established with the 

presence of positive pricing kernel and absence of pure arbitrage opportunity (PAO). The 

trading strategy concept is beneficial in parametric setting thereby rejecting the restriction of 

efficient market hypothesis where investors have subjective beliefs. The authors conclude 

that if the trading strategy concept is eradicated from the equilibrium model, it gives rise to 

martingale-type restriction on the securities prices. Peterson, Stapleton and Subrahmanyam 
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(2003) have designed a multifactor model on spot and future rates under the risk-neutral 

measure further adjusted to the observed caplet volatilities and European style swap 

volatilities. The model comprises of two volatilities and two coefficients of mean reversion of 

the term structure. The authors conclude that by adjusting the model to the current future 

rates it could be made arbitrage free. Gunasekarage, Pisedtasalasai and Power (2004) have 

studied the relationship stock returns and money supply, 3-month treasury bill rate, consumer 

price index, exchange rate of Sri Lankan stock marketfor the time period of 1985:1 to 

2001:12. Authors have employed Johansen multivariate cointegration tests and vector error 

correction model (VECM) and find a long run equilibrium relationship between stock returns 

and rate of inflation, money supply and the Treasury bill.   

Guo, (2004) has examined a consumption-based model to analyze the equity premium 

puzzle on stocks. In the model, three market frictions are used, identified as limited stock 

market participation, uninsurable income risk and borrowing constraints to generate large 

equity premiums. In addition to the equity premiums, liquidity premiums are generated 

because of limited stock market participation that lowers the risk free rate for tradable assets 

but not the stock return. The authors conclude that the three market frictions are best risk 

factors to explain the cross section of stock returns of asset pricing phenomenon. 

Gunasekarage, Pisedtasalasai and Power (2004) have studied the relationship between 

macroeconomic variables and stock returns of Sri Lankan stock market. The dataset 

comprises of market index and macroeconomic variables identified as money supply, 3-

month treasury bill rate, consumer price index and exchange rate for the time period of 

1985:1 to 2001:12. The authors find a long run equilibrium relationship between stock returns 

and rate of inflation, money supply and the Treasury bill. Based on impulse response 

functions, authors find a swift causal relationship between the stock returns and macro-

economic variables. Simpson and Ramchander (2004) have studied the impact of 
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macroeconomic announcements on the prices of treasury securities and futures contracts. The 

vector error correction model (VECM) with bivariate GARCH error structure is employed to 

test the relationship. The authors conclude that the price movements of cash and futures 

securities are linked to the release of macroeconomic news. The tests show conditional 

heteroskedasticity in the cash and future relationship and also that the treasury futures hedge 

against risk occurred due to unexpected inflation.  

Koutsougeras and Papadopoulos (2004) have developed a hypothetical imperfect 

competitive framework in Walrasian markets. The main purpose is to provide evidence on the 

persistence of arbitrage with frictionless markets and imperfect competition. The structure is 

demonstrated through the market mechanism comprising of individuals and markets driven 

on strategic version of capital asset pricing model (CAPM),  The authors conclude that 

imperfect competition may act as one of the factors in a model where arbitrage behave as 

persistent phenomenon in financial markets and no arbitrage is closely related to price taking 

behavior. Hsing and Chen, (2004) have demonstrated the impacts of macroeconomic policies 

and financial market performance on output based on vector autoregressive model. The 

factors are identified as monetary policy, fiscal policy, exchange rates, stock market 

performance, inflation and supply shocks on real GDP. The authors conclude that in the long 

run, real GDP negatively responds to a shock to the macro economic factors and reacts 

positively to an innovation to lagged own output. 

Iwata and Wu (2005) find significant impact of the asset-pricing approach in 

assessing the macroeconomic risk against the idiosyncratic economic shocks. The economic 

shocks are identified as the consumption growth, inflation and monetary policies tested 

against international stock market return. The dataset comprises of the quarterly observations 

of aggregate consumption, consumer price indices, short-term interest rates, stock market 

returns, foreign exchange rates and total population of Germany, Britain, Japan and the U.S. 
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for the time period of 1973 to 1996.  Based on vector autoregression (VAR) model, the 

authors conclude that the macroeconomic risks are observed by the international investors in 

the existing asset markets but are not observed in the same manner across the countries. 

Chordia, Sarkar and Subrahmanyam (2005) have examined the impact of bank reserves, 

federal funds rates, and mutual fund investments and monetary shocks on stocks and U.S. 

treasury bond markets. Based on vector autoregression model, the authors find liquidity 

shocks across asset classes and its strong association with cost of capital. The volatility 

shocks and liquidity share positive correlation across bond and stock markets. Huynh, Malik 

and Hettihewa (2006) have studied the relationship between stock prices and real GDP, 

interest rates, inflation and the population of the baby boomers ranging from 40-60 age 

groups. The data set also comprises of superannuation assets divided into two subsets of 

annual observations for the time period of 1965 to 2001 and the quarterly observations for the 

time period of 1988 to 2001. Based on vector autoregression (VAR) model, authors find a 

smooth long run cointegrated relationship between the stock prices and the economic 

variables of the Australian market.  

In another study, Ahmed and Imam (2007) have demonstrated the relationship 

between stock market and money supply, treasury bill rate, interest rate, GDP, industrial 

production index of Bangladesh. The authors find significant relationship between market 

returns and interest change and T-bill growth rate. These two factors show some influence on 

the market return. Broadie, Chernov and Johannes (2007) investigate risk premia by 

modeling and quantifying on factors collectively determining the returns and futures option 

prices.  The data set comprises of S&P 500 futures options for the time period of January 

1987 to March 2003. The time series test and cross section test provide evidence of factors 

identified as stochastic volatility, jumps in prices and jumps in volatility in the option prices 

run on stochastic volatility with jumps (SVJ) and stochastic volatility contemporaneous 
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jumps (SVCJ) model. The authors conclude that the risk-neutral jump parameters differ over 

time; increasing during market turbulence and reducing in normalizing conditions.  

Empirical evidence on structural shifts in GARCH model. Structural breaks often 

termed as shocks/surprises or change points play an effective role in controlling biases of the 

assets prices due to the property of volatility clustering especially in the high frequency asset 

prices. These structural breaks occur in the unconditional variance of the stocks returns due to 

some events at the corporate level and the business level and are necessary to be accounted 

for to avoid the overestimation of the persistence of stock return volatility as explained by 

Aggarwal (1999). The author therefore has compelled the researchers to empirically test for 

the influence of the structural breaks before the completion of the analysis of the undertaken 

research model of the time series data where the unobserved discrete shifts are present 

somewhere in the unconditional variances of the asset prices. 

Malik, Ewing and Payne (2005) have studied the volatility persistence of the 

Vancouver stock exchange and Toronto stock exchange by considering the effective role of 

the regime shifts in the economy. The weekly return series is taken for the time period of 10 

June 1992 to 27 October 1999. The structural breaks in the data set are identified by using the 

iterated cumulative sum of squares algorithm and the volatility persistence is reduced by 

incorporating the change points in the standard GARCH model. A structural break efficiently 

explains the forecasting performance of the asset return volatility is well demonstrated by 

Rapach and Strauss (2008) in their study of exchange rate volatility.  The authors have 

captured the structural breaks by employing the modified version of iterated cumulative sum 

of squares algorithm in the in-sample dataset. The GARCH (1,1) model employed in the in-

sample dataset provides evidence for the conditional volatility due to the structural breaks 

thereby bringing rapid changes in the parameters of the model due to such breaks. Also, the 
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out-sample forecasts improves when the structural breaks are incorporated in forecasting 

models of GARCH (1,1), Risk Metrics and fractionally integrated GARCH (1,d,1).   

Ewing and Malik (2010) in their study demonstrates the structural breaks in the 

volatility of daily crude oil spot prices for the time period of July 1 1993 to June 30 2008. 

The authors have checked the persistence of shocks on the oil price volatility by 

incorporating them in the GARCH model. The structural breaks are identified by employing 

the modified iterated cumulative sum of squares algorithm. Once the structural breaks are 

incorporated into the GARCH model, the volatility persistence in the oil prices reduces its 

initial impact of high shock. The authors thus conclude decline of the persistence of the oil 

price fluctuations to half of its original impact. Similarly, Lien and Yang (2010) emphasize 

on the role played by the sudden shocks on the daily futures and spots returns of six exchange 

rates that are the Australian dollar, the British pound, the Canadian dollar, the Deutsche mark, 

the Japanese yen and the Swiss franc for the time period of January 1990 to December 2004. 

The authors have studied the conditional optimal hedge ratio (COHR) derived from the joint 

distribution of spot and futures price changes that are time varying in nature. The structural 

breaks are identified by using the modified version of iterated cumulative sum of squares 

algorithm. Authors have employed bivariate error correction GARCH model to estimate time 

varying COHR and bivariate error correction fractionally integrated GARCH model to 

analyze the long memory effect of volatility clustering after incorporating the structural 

breaks in the models. Authors conclude that the currency risk management can become 

efficient after incorporating the structural breaks in the unconditional variance of the currency 

futures returns.  

Empirical evidence on information asymmetry. The information asymmetry plays 

an important role in making financing and operating decisions by the firms or entrepreneurs 

as demonstrated by He and Wang (1995). The authors have developed a multi-period rational 
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expectations model of stock trading under differential information available with investors. 

This model captures both the private and public information revealed to investors with regard 

to underlying stock. They conclude that volume is serially correlated even when the 

information flow is independent over time.  Li and Lam (1995) have studied the asymmetric 

behavior in stock returns of bear and bull markets by the application of threshold 

autoregressive conditional heteroskedastic (TARCH) model. This model is applied to the 

daily return series of the Hong Kong Hang Seng index for the time period of 1970 to 1991. 

They conclude that the model captures the asymmetry in the return series based on the 

previous rise and fall of the market. The model also efficiently describes the non-linear 

behavior in financial time series. Lobo and Tung (1997) have examined the relation between 

trading volume and the level of pre-disclosure information asymmetry before and after 

quarterly and annual earnings announcements. The sample consists of earnings 

announcement dates for the period of 1987 to 1990. The data is collected from Compustat 

Primary- Supplementary-Tertiary Quarterly Industrial file, I/B/E/S Inc. and CRSP Daily 

Stock Market File. The results show that trading volume is positively related to pre-disclosure 

information asymmetry based on quarterly earnings announcements. Similarly, Longin 

(1997) has demonstrated the presence of threshold effect in the expected variance of stock 

returns. His study mentions the transformation of GARCH process into TARCH process for 

market price changes. The data comprises of Standard & Poor’s 500 index futures traded on 

the Chicago Mercantile Exchange for the time period of 1986 to 1990. He further concludes 

that there exists a positive relation between expected trading volume and expected market 

variance. 

Coller and Yohn (1997) have studied the information asymmetric behavior on the 

forecasting firms and non-forecasting firms. The data consists of 520 quarterly earnings 

forecasts disclosed by management at least one month before the earnings release date. This 
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data is obtained from Dow Jones News Retrieval Service (DJNRS) for the period of 1988 to 

1992. The price and transaction date for two hundred and seventy eight (278) observations 

are collected from the Institute for the Study of Security Markets (ISSM) tape. Non-

forecasting firms are matched on two digit SIC code, fiscal year end, exchange listing and 

market value of equity. They conclude that forecasting firms have greater information 

asymmetry than non-forecasting firms and that the management forecasts are effective in 

reducing information asymmetry for the firm’s stock.   Aboody and Lev (2000) have worked 

upon an important factor contributing to information asymmetry with the name of research 

and development (R&D). According to the authors R&D activities give boost to information 

asymmetry and are not eliminated by insiders’ trade and investors’ information search. The 

sample consists of insider trading data containing all purchase and sale transactions made by 

insiders and reported to SEC. The data is collected from CDA/Investnet for the time period of 

January 1985 to December 1997. They conclude that R&D activities contribute to 

information asymmetry and investors react more strongly to the public disclosure on insider 

trades in R&D firms as compared to firms without R&D activities. The determinants of 

asymmetries in stock returns based on differences-of-opinion theory are well demonstrated 

by Chen, Hong and Stein (2000). To identify the asymmetries in the stock returns, they 

forecast the skewness in the daily returns of individual stocks by the application of cross-

sectional regression specifications. The sample consists of daily stock prices and monthly 

trading volume for all NYSE and AMEX firms since July 1962 calculated biannually. The 

authors find positive skewness in stocks with fewer analysts i.e. managers prefer to disclose 

good news to investors as soon as possible and avoid disclosing the bad news.   

Eilifsen, Knivsfla and Saettem (2001) examines that earning announcements reduce 

informational asymmetry among investors. The sample consists of earnings releases of 

companies of Norwegian capital market listed on Oslo Stock Exchange for the time period of 
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1990 to 1995. The authors find a significant reduction in stock price volatility in the post 

announcement period relative to the pre-announcement period for both the largest and 

smallest companies. Similarly, the reduced noise contributes to reduced informational 

asymmetry among investors. Luu and Martens (2003) examine the mixture of distribution 

hypothesis on daily returns and intraday returns to identify any contrasting results. The 

hypothesis is tested on a S&P Index futures transactions for the time period of 1990 to 1999. 

The authors have used two measures of trading volume as information content in the models 

one is named as simple volume (VOL) and another is named as volume divided by open 

interest (VOLOIt).  GARCH, VAR and long memory methodology is employed to compare 

the results of daily squared returns and intraday squared returns.  The authors have used the 

expected lagged volume in the GARCH equation to examine volatility-volume relationship 

thus the undertaken tests could also be employed on the unexpected volume in the GARCH 

equation. Jiang and Kim (2004) have analyzed the link between foreign shareholding and 

information asymmetry. They have further segregated the firms with high foreign 

shareholding and low foreign shareholding to observe the level of information asymmetry 

with regard to this segregation. The sample consists of all non-financial firms for the time 

period 1976 to 1994. The authors have applied ordinary least squares (OLS) method and 

generalized least squares (GLS) method in addition to correlation matrix and time series 

cross-section regression. They conclude that the ratio of effect of future period to current 

period earnings performance on current stock returns is greater of firms with high level of 

foreign equity ownership relative to firms with low level of foreign equity ownership. This 

indicates that information asymmetry is lower for firms with high foreign ownership.  

Gregoriou, Ioannidis and Skerratt (2005) have studied the cross section variance of 

analysts’ forecasts that affects the behavior of market makers. The sample consists of 26 

companies permanently available in FTSE hundred (100) index for the time period of 1990 to 
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1999. The authors have used the Wald Statistic followed by linear specification model for 

bid-ask spreads. They conclude that published disagreements amongst analysts affect the 

behavior of market makers and increase the spread to prevent trade from informed traders. 

Such disagreements relate to the chance of weak results over the information contained in the 

volatility of returns. The response of informed and liquidity traders and market makers to 

information asymmetry for New York Stock Exchange and American Stock Exchange are 

analyzed by Chae (2005). The author has demonstrated the scheduled announcements in the 

form of earnings announcements and unscheduled announcements in the form of acquisition, 

target and Moody’s bond rating announcements. He concludes that trading volume is 

negatively correlated with the level of information asymmetry before scheduled 

announcements and acts positive to level of information asymmetry after scheduled 

announcements. The impact of number of information events on the observable (period) 

Norwegian weekly exchange rate volatility and realized (intra-period) Norwegian weekly 

exchange rate volatility is examined by Bauwens, Rime and Sucarrat (2006)for the time 

period of 1993 to 2003. The authors have demonstrated the observable and realized volatility 

on three different exchange rate regimes from exchange rate stabilization to partial inflation 

targeting and to full inflation targeting. The log-linear analysis and EGARCH model is 

employed to determine the effect of information events on realized exchange rate volatility 

and observable exchange rate volatility.  The authors find significantly positive impact of the 

change in the information events on both exchange rate volatilities and that the increase in the 

number of traders does not reduce volatility.  

In another research study, Khang and King (2006) demonstrate the relationship 

between the level of dividend payout and information asymmetry. They have used the returns 

as proxy for the level of information asymmetry between insider and outside investors. The 

sample comprises of only public firms before the period of May 1991 and onwards includes 
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all the private and public transactions as SEC does not provide the segregated data. The 

authors have further divided the sample of transactions into those from high-dividend paying 

firms and those from low-dividend paying firms for (21) trading days. By the application of 

cross-sectional tests and time-series test, the authors conclude that firms that consistently pay 

high dividends have lower insider returns on purchases as compared to firms that consistently 

pay low dividends. So, Chen, Chiang and Lin (2007) have examined the mean equation of 

current returns with the past information of local and foreign markets and specifically the 

change in trading volumes in both mean and variance equation. Based on the threshold 

conditional heteroskedastic models to study dynamic effects of past returns on current returns 

by incorporating trading volume in the GARCH equation, the authors find the results to be 

significant where trading volume efficiently describes risk, asymmetric behavior and the 

volatility movement of the six indices.  

Deehani (2007) has investigated on the level of asymmetry in price-volume relation. 

The sample consists of daily trading volume and price index for nine stock markets in eight 

different countries. The author have applied autoregressive-distributed lag (ARDL) model 

followed by Schwartz Bayesian Information Criterion (SBC).  This model is selected because 

it captures both the positive and negative price changes of the stocks. The study concludes 

that the asymmetry in price-volume relation significantly exists and the higher volume has 

strong association with rising prices.  The asymmetric cross-autocorrelation pattern of 

information in stock returns is studied by Bernherth and Mahani (2007). The sample consists 

of different portfolios with multiple assets and is studied with the application of discrete-time 

framework with finite number of assets. The results show that the stocks acting as better 

predictors contain more idiosyncratic uncertainty in the future value of the stock. They 

conclude that to obtain the asymmetric autocorrelation patterns, it needs to introduce trading 

costs so that some investors with less exposure to common information do not trade assets 
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unless market innovation is observed. Gagnon and Karolyi, (2007) have studied the dynamic 

relation between stock returns and trading volume and the association of stocks with 

asymmetrical information. Their sample consists of 556 foreign stocks cross listed on the 

U.S. markets from 36 different markets for the period of January 1, 1990 to May 31, 2004. 

They have used a heterogeneous-agent, rational expectations Llorente, Michaely, Saar and 

Wang (LMSW) model that capture the risk factor and speculation on future returns. They 

conclude that stock return cross-autocorrelations and their interactions with home-market 

volume shocks are linked to the degree of information asymmetry characterizing the stock. 

Park (2007) studies the asymmetry in the positive relationship between the unexpected 

volume and volatility. Author has used the quantile regression approach for the GARCH 

models (QRGARCH) followed by Ljung-Box Q statistics for serial correlation. He concludes 

that the freely floating exchange rate system (FFRS) clearly indicates asymmetry in the 

unexpected trading volume and volatility and the conditional volatility responds non-linearly 

to information shocks.  

Tsai (2008) in his study has developed a dynamic framework model that studies the 

effect of information asymmetry in maximizing the value of equity for a firm. This model 

compares the investment and default policies of a firm with those policies under perfect 

information. The author finds a direct relation of the effect of information asymmetry with 

the proposed change in production set. Chena and Wu (2008) have examined the feedback 

effect created through dynamic interactions among return volatilities, market depth and 

trading volume of Taiwan stock exchange that is assumed to be a pure order driven market 

for the time period of October 2004 to September 2005. On contrary to mixture of 

distribution hypothesis, the vector autoregressive models and granger causality tests support 

the sequential of information arrival hypothesis. The results indicate increase in return 

volatility due to high frequency transactions due to the arrival of new information in the stock 
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market that in return increases the rate of informed traders. Another contribution in the 

existing literature is by Levi and Zhang (2008) who have investigated the effect of 

information asymmetry over the exogenous and frequent events. These events are identified 

as the changes in expected returns around earnings announcements. The sample consists of 

518,670 quarterly earnings announcements for the time period of 1971 to 2004. Through the 

application of portfolio test, multivariate regression and time series three factor model and a 

momentum model, it is concluded that increase in return is observed for firms with high 

information asymmetry before earnings. They also suggest that the firms’ cost of equity 

changes over the fiscal quarter as a function of information asymmetry. 

The asymmetric volume-return relation in the interest rate and currency futures traded 

on London International Financial Futures and Options Exchange (LIFFE) is analyzed by 

Puri and Philippatos (2008). The sample consists of tick-by-tick data of the LIFFE interest 

rate and currency futures with the interval of 15 minutes for the time period of July 1994 to 

June 1996.The selected interest rate futures included are ECU (IC), Japanese bond (IJ), Short 

Sterling (IL) and Euro Deutschemark (IU) and the selected currency futures included are 

British Pound (BP), Japanese yen (JY) and Canadian dollar (CD). The authors have used two 

models namely the Blume, Easley and O’Hara (BEO) model and Llorente, Michaely, Saar, 

Wang (LMSW) model to reach the conclusions. The BEO model finds that asymmetric 

abnormal volume on return variation depends upon the dispersion of the information signal 

and its influence on the uninformed traders. Similarly, the LMSW model shows a dynamic 

asymmetric effect indicating its persistence in one direction for some time before reversal. 

Lakhal (2008) has examined the influence of non-mandated earnings announcements 

in providing material information to investors and stock market liquidity. In French market 

these announcements are of three type; quarterly earnings announcements, earnings 

preannouncements and earnings forecasts. The sample consists of 207 industrial and 
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commercial firms listed on SBF 250’s index for the time period of 1998 to 2001. The data for 

voluntary earnings releases is collected for the whole sample making upto 406 voluntary 

earnings announcements of 117. These releases are manually collected from press releases 

displayed on European website. The author has used standard event study methodology to 

estimate daily returns and volumes and spreads for the specified time period. Using OLS 

method and panel data regression analysis procedure, he concludes that voluntary earnings 

announcements play a key role in changing market expectations. Similarly, the level of 

commonality between informed trading, the influence of stock-level trading characteristics 

and the firm-specific structural characteristics on the level of informed trading is examined 

by Bardong, Bartram and Yadav (2008). This level of commonality is computed by a 

measure named as Residual Asymmetric Information (RAIN) that captures the unexpected 

level of informed trading. The sample consists of 1500 liquid stock traded on New York 

Stock Exchange (NYSE) for 2,407 companies for the time period of January 1995 to 

December 2005.  

Empirical evidence on volatility forecasting. The stylized fact of the volatility 

clustering of the stock returns has made the predictability of the stock returns possible 

because of the time varying property of the error terms. In contrary to GARCH models 

various researchers have employed various models and approaches to analyze best volatility 

forecasts of financial asset returns and in some instances have also created a distinction 

between the absolute returns and squared returns. The time series of absolute returns is taken 

as a measure of volatility by some researchers (Franses, Leif and Paap, 2002) which produce 

a very noisy volatility estimator. But, in contrary to it, ARCH process introduced by Engle 

(1982) which is a squared return approach produce less noisy estimation approach as 

compared to the absolute return approach. Similarly, rational belief equilibrium approach 

(Kurz, 1996), optimal mean-variance efficient portfolio (Marquering and Verbeek, 2004), 
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quantile regression approach (Park, 2007), exponential smoothing linear model (Rashid and 

Ahmad, 2008), long memory Gaussian vector autoregressive process for realized volatilities 

(Andersen, Bollerslev, Diebold and Labys, 2003) are employed to analyze and demonstrate 

whether these models of stock return volatility forecasting outperform from the GARCH 

models in explaining the efficient forecasting of stock return volatility. Still, the 

autoregressive models are the most robust models found for the in-sample and out-sample 

stock return volatility forecasting function (Kavocic, 2008). 

A major contribution in the existing literature is by Yu (2002) who has demonstrated 

the predictability of stock price volatility in the New Zealand Stock Market based on 9 

alternative models. The data set comprises of 4741 daily returns of 40 largest and most liquid 

stocks for the time period of January 1980 to December 1998. The models are identified as 

the random walk, historical average, moving average, simple regression, exponential 

smoothing, exponentially-weighted moving average, ARCH and GARCH and the SV 

models. These models are tested through four evaluation measures identified as root mean 

square error (RMSE), the mean absolute error (MAE), the Theil-U statistic and the LINEX 

loss function. The authors conclude that according to RMSE, Theil-U and three asymmetric 

loss functions, the most appropriate model to forecast volatility is the SV model. Anderson, 

Bollerslev, Diebold and Labys, (2003) have demonstrated the value-at-risk calculation for 

volatility forecasting and conditional return fractile. The data set comprises of all interbank 

Deutchemark/U.S. dollar and the Japanese yen/U.S. dollar bid/ask quotes spot exchange rates 

for the time period of December 1, 1986 to June 30, 1999. The authors have developed 

framework from continuous-time arbitrage-free price processes that is run through long 

memory Gaussian vector autoregressive-realized volatility (VAR-RV) to forecast stock 

volatility. They conclude that the VAR-RV outperform in forecasting volatility as compared 

to various GARCH models usually implemented by authors in studying volatility. 
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In another study, four types of volatility-forecasting methods namely historical 

volatility, ARCH models, stochastic volatility and option-implied volatility are examined 

Poon and Granger, (2005). The sample consists of S&P 500 returns for the time period of 

February 1983 to July 2003. Out of all forecasting methods, the option-implied volatility 

dominates but do not disqualify time series models because the market option price 

completely includes current information and future volatility expectations. The trading 

strategies that are capable of exploiting the predictability in the stock returns and volatility is 

studied by Marquering and Verbeek, (2004). The mean-variance investor is studied to closely 

analyze the forecasting behavior. The data set comprises of S & P 500 index and the 3-month 

and 12-month treasury bills for the time period of January 1966 to August 2001.  The simple 

linear models are employed and estimated recursively. The authors conclude that the 

predictability is higher when volatility is high.  Magnus and Fosu, (2006) have demonstrated 

on the forecasting of volatility of returns on the Ghanian stock market with the application of 

GARCH models. The data set comprises of daily closing prices of the Ghana Stock Exchange 

Databank Stock Index (DSI) for the time period of 15 Jun 1994 to 28 April 2004. The authors 

conclude that the non-linear symmetric GARCH (1,1) model is the most appropriate model to 

forecast the conditional volatility of the stock index.  

Kavocic, (2008) have critically examined various GARCH models that accurately 

forecasts volatility. This GARCH family comprises of one symmetric (GARCH) and four 

asymmetric (EGARCH, GJR, TARCH and PGARCH) GARCH types of models. Based on 

Gaussian, Student –t and Generalized Error Distribution (GED), authors conclude that 

GARCH models with non-Gaussian error distributions increase flexibility in modeling of the 

conditional variance. Athanassakos and Kalimpalli, (2008) have examined the relationship 

between analysts’ forecast dispersion and future stock return volatility. The data set 

comprises of earnings forecasts and dispersion of earnings estimates of 160 U.S. firms 
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obtained from the Institutional Brokers Estimate System (I/B/E/S) for each month for the 

time period of 1981 to 1996 obtained. Based on cross sectional-time series models, the 

authors conclude that dispersion contains information content for future return volatility after 

conditioning for future market volatility. Awartani, (2008) investigates the noise effects on 

the` forecasting performance of the heterogenous autoregressive realized volatility model 

(HAR-RV). The dataset comprises of 30 Dow Jones Industrial Average stocks for the time 

period of 1 January 1997 to 31 December 2002.  Based on the tripower variation measures, 

the study suggests that accuracy in forecasts is high when the noise effect is weak derived 

from the jump information on sampling intervals. 

Empirical evidence on volatility spillover. Investors along with their concern to 

invest in a portfolio with the motive to diversify their risk also tend to focus on the relative 

dependency or interrelationship of the stock within the portfolios or the interrelationship of 

the portfolios itself.  This phenomenon is called the spillover effect and the analysis of the 

price co-movements of the securities is called the volatility spillover. Yilmaz (2009) have 

studied the spillover effect of the East Asian stock markets by employing the Variance 

decaying method of the vector autoregressive model based on hundred-week rolling 

windows. The sample data of the study comprises of Hong Kong, Indonesia, Japan, South 

Korea, Malaysia, Philippines, Singapore, Taiwan, Thailand and Australia for the time period 

of January 1992 to April 2009. The authors conclude that India and China being one of the 

potential emerging markets of the world and because of the increase in the integration of the 

global market, the East Asian markets seem to be interdependent thereby giving the evidence 

of the market return spillover effects as well as the return volatility spillover effect due to any 

shock that occurs within the region or worldwide.  

Miyakoshi (2003) has examined the spillover effect from the Japan and the U.S. stock 

markets to the Asian stock markets. The sample data comprises of the high frequency data of 
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S&P 500 index of USA, TOPIX of Japan, Thailand index of Thailand, HangSeng index of 

Hong Kong, KLSE composite index in Malaysia, Korea composite index of Korea, Taiwan 

capitalization weighted index of Taiwan and the Strait times index of Singapore and the JSX 

composite index of Indonesia for the time period of January 1998 to April 2000. The author 

has used the bivariate EGARCH model to study the volatility spillover effect of the 

developed stock markets on the Asian markets. The results show that the Japanese market has 

no influential power on the Asian market relative to the U.S. stock market. Secondly, the 

spillover volatilities of the both of the Asian and the Japanese market have a significant 

spillover effects because of the strong trading relationship between the Asian markets and the 

Japanese market respectively. Similarly, Yang and Doong (2004) have investigated the 

volatility spillover in various dimensions such as transmission of information flow, the level 

of integration between the stock and currency markets and the shocks that may affect the 

volatility spillovers. The authors have employed the bivariate EGARCH model to investigate 

the volatility spillover effect of the stock prices and the exchange rate of the G-7 countries. 

Based on the asymmetric volatility spillover effects between the stock market indices and the 

exchange rates, the authors find significant spillover effects from the stock indices to the 

foreign exchange rates for the UK, Germany, Canada and France. Both markets tend to be 

integrated and the volatility spillover effect is evident in the stock market indices spillover 

and the foreign exchange market spillover effect and also the forecast ability is more evident 

in the stock markets than the foreign exchange markets.  

Milunovich and Thorp (2006) have studied the integration of volatility spillover in the 

covariances of the mean-variance portfolios for the European equity markets. The sample 

data comprises of the high frequency data of the CAC 40 index of France, the FTSE 100 of 

London and the DAX 30 of Frankfurt for the time period of January 1992 to May 2002 and 

the forecasting sample time period comprises of May 2002 to July 2005 respectively. This 
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study has used the asymmetric dynamic conditional correlation (ADCC) model because of its 

efficiency in analyzing the time varying property and the asymmetric effect of the stock 

market indices’ spillover volatilities effects. According to the authors, the volatility spillover 

effects tend to be significant but small and the investors who fear to take risk would prefer 

those portfolios whose variance forecast possess to have the volatility spillover effects 

without assuming any transaction costs respectively. McAleer and Viega (2007) have 

examined the volatility spillover forecasting of the four global stock market indices. The 

authors’ major concern is to analyze the effect of spillover on the forecastability of the 

financial Value-at-Risk volatility. The sample data comprises of the high frequency data of 

CAC40 index of France, FTSE100 of UK, SMI of Switzerland and S&P500 of U.S.A for the 

time period of August 1990 and November 2004. The authors have made a comparison 

between the VARMA-GARCH model and the constant conditional correlation (CCC) model 

and the portfolio spillover GARCH model to check for their efficiency to test for the 

forecastability of the Value-at-risk spillover volatility. This study studies the one-day ahead 

conditional correlations and the covariance by using the rolling window regression approach.  

The spillover effects are found to be significant in the multivariate GARCH models but the 

VAR forecasts when incorporated into the models tend not to create any inertia. 

Alsubaie and Najand (2008) have studied the volatility spillover between the large 

and small capitalization portfolios of the Saudi stock market. The sample data comprises of 

the high frequency data of the trading volume and the market index called as the Tadawul for 

the time period of January 1993 to December 2005 respectively. The study has used a 2-stage 

GARCH approach to test for the direction of spillover and the asymmetric volatility spillover 

of the sample data. The volatility spillover is significant from the large capitalization 

portfolios to the low capitalization portfolios and that the asymmetric effect is found in both 

of the portfolios where the negative shocks have more significant impact on the stock price 
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movements than the positive shocks. Also, the predictability of the low capitalization 

portfolios becomes easier from the volatility behavior of the high capitalization portfolios 

respectively. Diebold and Yilmaz (2008) have examined the market return spillover and the 

market return volatility spillover separately in their study to analyze the impact of the trends 

and the shocks in the respective spillovers. The authors have developed such conceptual 

model that incorporates the striking and non-striking events to study the spillover effects. 

This framework is labeled as the spillover index which is further quantitatively measured by 

the spillover graph plots. The sample data of the study comprises of high frequency data of 

seven developed stock indices named as United States of America, United Kingdom, France, 

Germany, Hong Kong, Japan and Australia and twelve less developed markets called as the 

emerging markets named as Indonesia, South Korea, Malaysia, Philippines, Singapore, 

Taiwan, Thailand, Argentina, Brazil, Chile Mexico and Turkey. The sample data time period 

comprises of January 1992 to November 2007 and the data is collected from the Global 

Financial Data and the Datastream. The results show the variant behavior of the return 

spillover and the volatility spillover where the former only give sign of the trend but the latter 

is violently vulnerable to any shock that has taken place during the sample time period of the 

study.  

Poblador, Abergas and Mapa (2008) have examined the volatility spillover effect 

among the assets of four portfolios and also the spillover effect within the portfolios 

undertaken in the study. The sample data comprises of the high frequency closing prices of 

the stocks and the data is leptokurtic in nature. The authors have initially employed the 

Principal Component Analysis (PCA) to minimize the measurement of covariance matrix 

within the assets of each of the portfolios but further shifts to the Kalman Filter approach to 

sufficiently capture the variability among the stocks of each of the portfolios. The authors 

have employed the Vector Autoregressive Asymmetric GARCH model to study the portfolio 
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spillover effect. The results reveal that only two portfolios have the asymmetric effect that is 

the negative shocks have a simultaneous spillover impact on the respective portfolios. 

Empirical evidence on Karachi stock exchange. The above empirical literature 

provides a thick evidence of the important and significant impact of the trading volume, the 

business-cycle or economic variables on the stock return volatility and also the key role of the 

structural shift of the unconditional variance of the stock returns as well as the deterministic 

events that are the observed events that acutely affects the trend of the price movements of 

the stock returns. Similarly, the above empirical literature provides sound evidence of the 

significant role of the asymmetric information on the behavior of the stock return volatility 

and the forecastability of the stock return volatility respectively. Nevertheless, a keen interest 

is also observed by the researchers to investigate the stock return volatility behavior of the 

Pakistani equity market.  

Ahmed and Rosser (1995) finds the non-linear presence of speculative bubbles 

between the State Bank of Pakistan General index and the Karachi Stock Exchange index 

based on the daily data after controlling the exchange rate effects and the ARCH effects 

respectively. The highly significant correlations between the trading volume, stock returns 

and volatility is found in the study conducted by Farid and Ashref (1995) by employing the 

Geometric Brownian Motion model based on the weakly data which further indicates that the 

investors tend to invest in the stock market for short term gains. Hussain (1997b) finds in his 

study that the anomaly of the Ramadan month significantly decreases the stock returns 

volatility by employing the GARCH model with dummy variable of Ramadan based on the 

daily data of January 1989 to December 1993 respectively. Hussain and Mahmood (2001) 

have studied the cause and effect relationship between the stock returns and the macro-

economic variables based on the quarterly data. The study finds the evidence of long run but 

weak relationship between the variables. Ahmed and Qasim (2004) have analyzed the 
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asymmetric behavior of assets to information flow in Karachi stock exchange based on the 

daily data by employing the EGARCH model and the TARCH model respectively and find 

that the positive shocks have greater affect on volatility than the negative news.  

The relationship between the stock market returns and the financial and the economic 

variables tend to show the positive relationship in the daily data but insignificant in the 

monthly data as emphasized by Mamoon (2007) in his study by employing ARCH and vector 

autoregressive model with error correction. Hajra, Ahmed, Haq and Sadia (2007) have 

analyzed the relationship of the financial and the economic variables with the stock returns on 

the 10 industrial sectors based on the monthly data for the time period of July 1985 to July 

2002. The study employs the arbitrage pricing theory model and finds that the stock returns 

are influenced by the financial as well as the economic indicators and creates inertia in the 

stock market. Javed (2008b) have further evaluated the cross section of expected returns on 

Fama-French three factor model and consumption capital asset pricing model and find that 

the consumption capital asset pricing model indicates better performance than the standard 

model. Javed (2008a) have evaluated the forecasting performance of the capital asset pricing 

model by employing the ARMA model on the daily and monthly firm level data. The study 

finds that the conditional multi-factor model provides evidence of better forecasts than the 

conditional and the conditional consumption capital asset pricing model. Another study by 

Rashid and Ahmad (2008) have focused on the forecasting of stock index volatility by using 

linear and nonlinear methods. The linear methods employed by the authors are a random 

walk, an autoregressive model, a moving average model, an exponential smoothing model 

and a double exponential smoothing model. The non-linear methods used by them are 

generalized ARCH-in-M (GARCH-M) model, exponential GARCH (EGARCH) model and 

power ARCH (PARCH) model. The authors conclude that the exponential smoothing model 

is the most appropriate linear model to predict volatility based on root mean squared error. 
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Amongst the non-linear models, they find that the GARCH-in-mean (1,1) model is the 

appropriate model to forecast volatility.  

In another study, Mustafa and Nishat (2009) have studied the significant impact of 

non-informational trade that is the event based trading on stock prices and trading activity of 

Pakistan. The authors find substantial insignificant weak change in stock movement after the 

post nuclear test period thereby emphasizing on the key role of non-informational trade 

which is less effective after two trading days.  This sample could also be empirically 

extended to study the autoregressive generating process of the returns and the bivariate 

relationship between return-volume-volatility relationship by employing appropriate and 

relevant GARCH and vector autoregressive (VAR) models. Mubarik and Javed (2009) also 

find significant relationship between return-volume-volatility at stock level. In another study, 

a long-run relationship between stock prices and the inflation rates, the industrial production 

output, the foreign exchange rates is studied by Mahmud and Dinniah (2009). The stock 

prices of six countries are examined by the authors named as Malaysia, Korea, Thailand and 

Hong Kong, Japan and Australia. The authors find significant results in almost all the 

selected Asia-Pacific countries except for Malaysia where the relationship is found weak. 

Mubarik and Javed (2010) finds significant impact of bad news on stock price movements 

relative to the good news thereby supporting the leverage effect in the stock return volatility. 

Ali, Rehman, Yilmaz, Khan and Afzal (2010) study the causal relationship between stock 

exchange prices and fundamental macro-economic indicators in Pakistan. The sample 

comprises of monthly data series of six variables for the time period of July 1990 to 

December 2008. The authors conclude that there is no causal relationship between Pakistani 

equity market and macro-economic indicators and also the stock exchange performance does 

not influence the macro-economic movement in the Pakistan. On the other hand, Arshad, 

Rani and Shaikh (2012) in their study conclude that current volatility behavior of KSE is 
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influenced by the past squared error terms and significantly captures the leverage effect by 

employing the EGARCH model respectively.   

The studies above thereby make it evident that the Karachi stock exchange is the focal 

concern for the researchers to analyze the stock return volatility. However, still the existing 

literature in the Pakistani market requires filling some serious gaps to study the impact of the 

variables discussed in the empirical literature on the stock return volatilities. 

Concluding Remarks 

To conclude, the empirical evidences mentioned above supports the influence of the 

financial, economic and the structural shifts on the stock return volatility as well as the 

significant role of the information asymmetry on the stock return volatility respectively. 

However, as to concern to the Pakistani equity market, this study tries to contribute in the 

existing literature by modeling and analyzing the superior symmetric/asymmetric GARCH-M 

models based on specific to general approach and evaluating the in-sample fit and out-sample 

fit forecasting behaviors of the high/low beta sorted return portfolios respectively. The study 

further analyzes and models the volatility spillover between the high/low beta portfolio 

returns and of the high/low beta portfolio returns with the economic variables by employing 

the superior symmetric/asymmetric GARCH-M model respectively. 
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CHAPTER 4 

DATA AND METHODOLOGY 

This Chapter describes the methodology and the data required to undertake the 

methodological framework.  The analysis starts from estimating the stock returns and 

constructing the portfolios sorted by beta, from the most risky to the least risky portfolio. The 

methodological framework begins with the specific models belonging to univariate ARCH 

family16 and move towards general models as suggested by Anderson, Bollerslev, Diebold 

and Labys (2003) by including portfolio specific factors, economic variables, deterministic 

shocks and stochastic shocks in the conditional variance of portfolio returns.  Further, after 

the modeling of the portfolio returns, the in-sample data and the out-sample data forecasting 

and performance evaluation of forecasting is done. This allows to obtain the most superior 

model for the investor to estimate and forecast volatility. In the next step, the study tests 

whether there is spillover effect in the volatility of highest beta portfolio and the lowest beta 

portfolio and the volatility spillover effect between the market return and the foreign 

exchange reserve (cash holdings) return, foreign exchange rate of return, oil return and gold 

return respectively. 

This chapter further explains the data collection techniques and the mathematical 

calculations of the endogenous and the exogenous variables undertaken in the present study. 

Thereafter, the methodological framework to analyze the variables is described in the present 

study. Then, the pre-estimation specification tests conducted before the analysis of the 

undertaken study are explained and the hypotheses development of the undertaken study is 

explained. Lastly, the summary of the chapter is presented.  

                                                           
16Selecting the most appropriate model for estimating volatility with best forecast performance. 
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Data Collection and Mathematical Calculations of the Endogenous and Exogenous 

Variables 

The present study employs the exogenous and the endogenous variables to examine 

and forecast the portfolio return volatility and to analyze the volatility spillover effect 

respectively. In this study, the stock prices are the endogenous variables and the turnover of 

shares, the economic variables, the deterministic events and the stochastic change points tend 

to behave as the exogenous variables respectively. 

Data collection of stock prices and turnover of shares .The daily stock prices and 

the daily turnover of shares comprises of 100 listed stocks(firms)17comprising both of the 

financial and non-financial firms selected out of 639 stocks as on June 30, 2011 for the time 

period of July 1998 to June 2011. The sample selection criteria are as follows; 

 Active trading of the stock 

 Representative of the sector 

 Existence of the stock for the entire period of analysis 

The stocks selected comprise of various major sectors of Karachi Stock Exchange of 

automobile and parts, banks, construction and material, electricity, equity and investment, 

forestry and paper, gas water and multi-utilities, general industries, industrial engineering, 

industrial metal and mining, industrial transportation, life insurance, oil and gas, personal 

goods, pharmaceutical, tobacco, travel and leisure, chemical, financial services, fixed line 

communication, food producers and non-life insurance making it total of 22 sectors out of 33 

sectors as on June 2011.   The daily frequency data of the stocks extends from the first fiscal 

day of July 1998 to the last fiscal day of the last trading day of June 2011. The sample starts 

from 1998 because before this time period online data was not available and the sample ends 

at 2011 to the latest data available at the point of estimations. The data is collected from the 

website of Karachi Stock Exchange and the website of Business Recorder. 

                                                           
17 The stocks (firms) name, stock symbol and the year of listing is given in appendix A. The researcher has used 
the sample of 100 firms as the study is the time series study based on daily data therefore 100 firms tend to be 
the suitable sample to study portfolio returns volatilities respectively. 
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Mathematical calculation of stock returns and construction of return portfolios. 

The daily stock returns of 100 listed firms are calculated by the following logarithmic 

formula18;  

 

                       (10)  

Where ln indicates logarithm, pt indicates current day price and pt-1 indicates the previous day 

price of a firm.  

The results to be made more parsimonious, pt termed as the stock price is further adjusted for 

any capital changes19 expressed as; 

1

'

1

1t t t
t t t

t t t t

S RI SP
p P D

S S PR SP
 

  
    

  
             (11) 

Where St = St-1 + RIt + SSt 

Pt =   Actual closing price at time t 

St =   Share outstanding at time t 

RIt = Shares issued through rights 

SSt = Shares issued through stock dividends 

SPt = Subscription price for the rights 

PRt = Stock prices at time of rights (ex-date) 

Dt=   Cash dividend 
                                                           
18 This formula computes the continuous growth rate (Asteriou and Hall, 2007) and as the sample data of the 
present study comprises of the high frequency data therefore the respective formula is employed to compute 
the daily stock returns respectively.   
19 On average, 95% of the firms offered dividend, 77% of the firms offered the bonus shares and 67% of the 
firms offered the right shares to their shareholders at different points of time during the time period of July 
1998 to June 2011. 
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The above equation is valid for the calculation of stock returns whose right and bonus 

shares are issued otherwise the adjusted price equals the actual closing price expressed as P’t 

=Pt.  

Keeping in view the phrase “don’t put all your eggs in one basket” mentioned by 

Markowitz (1952, p.172), the present  study has constructed 10 equally weighted daily stock 

return portfolios20 of 10 stock each (100 stocks) sorted on high/low betas, (see appendix A). 

Following Fama & Macbeth (1973), the high frequency portfolios sorted on beta are 

computed as; 

         (12) 

Where; 

is the asset return 

the market return 

is the variance of the market return, and 

is covariance between the market return and the asset return 

In the above equation, βi’s of portfolios tend to behave as the precise estimates of β’s than the 

βi’s of individual stocks21.  

                                                           
20 Equally weighted portfolios are also called the unweighted index where all the stocks in a portfolio carry 
equal weights irrespective of their market value or price.  The portfolio is based on the arithmetic mean of the 
percentage price change or the value of the stocks. (Reilly and Brown, 2012) 
21 

 

Where xip, i= 1,2,3 …… N and indicates the equally weighted returns of the stocks in a portfolio.  
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Mathematical calculation of trading volume and construction of volume portfolio: 

Trading volume (turnover of shares) is the key indicator of the stock market activity in 

assessing the number of transactions occurred in the stock market. The daily frequency data 

of the turnover of shares of the ten portfolios (10 stocks each) for the time period of July 

1998 to June 2011 are collected from the website of Karachi Stock Exchange and the website 

of Business Recorder.  

The trading volume is calculated as the log of turnover of shares where turnover indicates the 

number of shares traded of a particular stock and is expressed as; 

                       (13) 

The trading volume portfolios are computed by adding up the (log) turnover of shares of the 

stock of each portfolio sorted on beta (10 stocks each) expressed as; 

                                  (14) 

Where  indicates the (log) turnover of shares of each of the stocks (10 stocks) of 

portfolio 1 to portfolio 10 respectively. 

Data collection of economic variables. This study has selected five economic 

variables that commonly affect the discount rate and the dividend stream of the stocks 

(Poterba and Summers, 1988) and describe the business conditions in Pakistan (Economic 

Survey of Pakistan, 1998-2011) respectively. The set of economic variables includes; market 

return, foreign exchange reserves (cash holdings), real foreign exchange rate, oil prices and 

gold prices for the time period of July 1998 to June 2011.  The data is the daily frequency 

data and the data for the market return and real foreign exchange rate is collected from the 

published manual of Economic Survey of Pakistan and the data for the foreign exchange 
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reserves (cash holdings) is taken from the website of State Bank of Pakistan. The data for the 

oil prices and the gold prices are collected from the websites22respectively. 

Mathematical calculation of stock market return (KSE-100 index).The stock market 

return indicates the Karachi stock market index (KSE-100 index) of Pakistan. The market 

return is calculated by taking the natural logarithm of KSE 100 index as shown below; 

       (15) 

where ln indicates the natural logarithm, pt indicates current day market price and pt-1 

indicates the previous day price of the stock market.   

Mathematical calculation of foreign exchange reserve (cash holdings) return. The 

foreign exchange reserves (cash holdings) are the reserves held by the central bank of 

Pakistan and the banks of Pakistan respectively. The motive behind these reserves is the 

stability of the Pak-Rupee currency and to hedge any economic shock that may encounter the 

country. This study has taken into account only the cash holdings as the gold prices is taken 

as a separate variable for the analysis of the present research study. The foreign exchange 

reserve return (cash holdings) is calculated as; 

                                                  (16) 

Where ln indicates the natural logarithm, pt indicates current day reserve rate and pt-1 

indicates the previous day reserve rate.  

Mathematical calculation of real foreign exchange rate of return. Under the foreign 

exchange regulation act of 1947, the State bank of Pakistan is responsible to regulate the 

foreign exchange market in Pakistan. Currently, the exchange rate of Pak-Rupee per US 

                                                           
22http://research.stlouisfed.org/fred2/series/DCOILWTICO/downloaddatafor oil prices and 

http://www.usagold.com/reference/prices/history.htmlfor gold prices. 

http://research.stlouisfed.org/fred2/series/DCOILWTICO/downloaddata
http://www.usagold.com/reference/prices/history.html
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dollar is determined by the demand and supply of the Pak-Rupee per US dollar under the 

freely floating exchange rate determination system prevailing in Pakistan.  The real foreign 

exchange return is calculated as; 

               (17) 

where the ln indicates the natural logarithm, pt indicates current day real foreign exchange 

rate and pt-1 indicates the previous day foreign exchange rate.  

Mathematical calculation of gold return. Another economic variable undertaken in 

the study is the gold prices. According to Ghosh et.al (2002), amongst the commodity 

investments, the safe investment in found to be in gold because of its advantage of high 

liquidity and lack of default risk respectively. This study has taken the data on the gold prices 

in Pak-Rupees of 24 karat per gram for the time period of July 1998 to June 2011 

respectively. The gold return which is the appreciation of gold over a period of time is 

calculated as ; 

                                                  (18) 

where ln indicates the natural logarithm, pt indicates current day gold price and pt-1 indicates 

the previous day gold price.  

Mathematical Calculation of oil return. Oil is another economic variable of the 

study. Pakistan’s crude oil needs are majorly fulfilled through imports.  The data for the oil 

prices are taken in Pak-Rupees and the oil return is calculated as; 

                       (19) 
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Where ln indicates the natural logarithm, pt indicates current day oil price and pt-1 indicates 

the previous day oil price. 

Data collection of deterministic events. Stock returns volatility has been influenced 

due to certain events that occurred in Pakistan during the time period of July 1998 to June 

2011 respectively.  On June 18, 1999 KSE trading movement was effected by the Kargil 

mission tension between Pakistan and India. The following year of May-June 2000 again 

faced decline in the KSE trading due to the transaction settlement days (T+3),  increase in 

interest rates and exchange rate depreciation.  From September 17 2001 to September 21 

2001 KSE remained closed due to the September 11 2001 attacks in USA to avoid any 

adverse decline in the turnover of shares in the Karachi Stock Exchange.  The KSE index fell 

by 1798.45 levels when the French citizens suffered an attack in Karachi on May 10 2002. 

The Karachi Stock Exchange after remaining stable for five years showed a decline on 9 

March 2007 when Chief Justice of Pakistan was suspended. The stock market volatility one 

after the other was struck by many surprises and shocks in the country in the year 2008.  

Firstly, due to general elections on 18th February 2008, second shock was observed on 13th 

May 2008 when the Pakistan Muslim League quit coalition and the third shock came out to 

be on July 16th 2008 when KSE 100 index fell one-third due to the Taliban issue when 

Pakistan was under intense pressure to handle the issue and the fourth surprise came out to be 

on August 18th 2008 where a 4% increase in the turnover of shares in the KSE was observed 

after the announcement of the resignation of the ex-President Pervez Musharraf. The fifth and 

the sixth shock in the year 2008 was of the global financial crises on Nov 22 2008 and when 

the floor of the stock prices was removed to control the acute fall in the prices on 15th 

December 2008 that showed a downward trend in the KSE movement. January 23 2009 

showed a decline of 4929.55 KSE index points a loss of 60% relative to the KSE index points 

of 5020.71of the previous day due to heavy foreign selling. In the time span of July 1998 to 
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June 2011, the last volatile event observed was the event of Long March and Judges 

Restoration on 16th March 2009 where the index rose from 6078.84 points to 6410.84 points. 

Figure 6: Graphical Representation of Deterministic Events 

 

These 11 events23 are taken into account due to the volatility behavior by introducing 

the intercept dummies into the estimation models to avoid the overestimation of each of the 

10 portfolios returns volatilities. Hence, each dummy takes value of 1 after event and zero 

before the event. 

Dataset of stochastic change points. Deterministic events are the events that visibly 

affect the conditional variance of the stock prices at certain dates of the events that occur in 

                                                           
23 The events have been identified from the website www.hamariweb.com/articles/article.aspx?id=2199 and 
the Economic Survey of Pakistan (2011).  

http://www.hamariweb.com/articles/article.aspx?id=2199
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the economy and can easily be identified in the time series data. But, there are some 

additional upward and downward prices movements present at certain points in the time 

series data that are unobservable and if not accounted for overestimate the persistence of 

stock return volatility. Such changes in the unconditional variance of the stock returns are 

called the stochastic change points also called as the discrete shifts in the unconditional 

variance of stock returns (Tiao and Inclan, 1994).  

This study has identified numerous change points in the unconditional variance 

equation of each of the 10 stock return portfolios with the help of Iterated cumulative sums of 

squares (ICSS) algorithm24 as shown in the figure 7.  To keep the description concise, the 

sudden break points (change points) in the unconditional variance of the highest beta return 

portfolio 1 and the lowest beta return portfolio 10 are explained below; 

The 12 structural breaks are identified in the unconditional variance of the highest 

beta return portfolio 1. The 1st and 2nd change points are located in the 7th and the 12th month 

of the year 1998 with the mean value of 117.88 and standard deviation of 151.52 in the 7th 

month and -1.283791 and 33.826874 in the 12th month respectively. The lower values of the 

mean in the 12th year and less variability in the unconditional variance of the stock return 

portfolio 10 indicates somewhat the same trend the whole round in 1998. As per actual, the 

Karachi stock exchange showed the bearish trend in the year 1998 because of the lower 

Similarly, the next three change points are located in the 3rd, 4th and 12th months of the year 

1999. The mean values of the 3 break points are -65.318995, -48.081768 and -14.799795 and 

the standard deviation values of 56.639020, 22.912765 and 40.647803 respectively. The 

negative mean values and higher standard deviations clearly show the bearish trend of the 

Karachi stock exchange as evident from the Kargil tension between Pakistan and India in the 

year 1999. As per regard to the year 2000, another sudden break is identified in the 6th month 

                                                           
24 More details of ICSS algorithm is given in appendix B. 
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with the mean value of -51.422414 and the standard deviation of 55.710675 due to the 

restriction on short selling in Karachi stock exchange by Securities and Exchange 

Commission of Pakistan (SECP).  Another two change points are observed in the year 2001 

with the mean values of  -63.00 and -27.26 and the standard deviations of 22.16 and 37.55 

when the orders for the change in the articles of association of Karachi stock exchange were 

issued by securities and exchange commission (SECP) of Pakistan, the negative report given 

by Merrill Lynch that showed that Pakistan was not able to abide by the stand-by agreement 

(SBA) with international monetary fund (IMF). The disturbed law and order situation in the 

country, international financial crisis the political uncertainty and the poor credit rating by 

Standard and Poor’s and Moody’s triggered the Karachi stock exchange with a negative trend 

in the year 2007 with the mean value of -27.26 and the standard deviation of 37.55.  

The last three change points are captured in the year 2009 due to multiple factors the 

KSE-100 index showed the upward and downward trends respectively. The index declined 

to4929.55 KSE index points a loss of 60% relative to the KSE index points of 5020.71of the 

previous day due to heavy foreign selling. Similarly, due to Long March and Judges 

Restoration the index rose from 6078.84 points to 6410.84 points. The mean values of the 

three change points are -49.985, -36.098 and 36.24 that of the standard deviations are 95.40, 

20.24 and 67.49 respectively. 

The ICSS algorithm has detected 8 change points in the unconditional variance of the 

stock return portfolio10. The 1st point has occurred on 11th month of the year 1998 with a 

mean value of -2.22 and standard deviation of 19.33, this was the year of the 1st nuclear test 

in the history of Pakistan that was held in the month of May and the Karachi Stock exchange 

showed the volatile movements of the stocks the whole year round. The 2nd sudden break 

point is observed in the 2nd month of the year 1999 where since the start of the year Pakistan 

was facing some tension with the Indian territory based on the Kargil issue. The mean value 
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and the standard deviation of the 2nd change point turn out to be 0.23 and 61.74 respectively. 

The KSE-100 index fell from 907.59 to 882.34 basis points on 2nd February 1999. Another 

break point is seen in the month of June, 2002 where the KSE-100 index fell due to the attack 

on French citizens in Karachi and the attack on Indian Army in the occupied Kashmir in the 

month of May, 2002 with a slight higher mean value as to the prior change point and lower 

standard deviation. 

Further, the ICSS algorithm identifies 2 change points in the year 2005 in the month 

of January and June where the Karachi stock exchange showed the bearish trend since the 

start of the year due certain regulatory in the stock market such as excessive buying in the 

ready market and the withdrawal of the funds by the commitment of traders (COT) financiers 

with the mean values of 1.25 and -0.66 and the standard deviations of 16.07 and 24.05. The 

year 2006 is seen to be the best year in the history of Karachi Stock exchange where the first 

time high, KSE-100 index reached to 12000 basis points. Since the start of the year, the stock 

market kept on experiencing the bullish trend but as stock prices are always sensitive to any 

news or events that may occur domestically of locally, the market showed the bearish trend in 

July 2006 as evident from the change point with the mean value of 0.72 and the standard 

deviation of 14.59. The market saw a little downward trend due to the strategic plan of capital 

gains tax, modification of capital value tax and the introduction of the universal identification 

numbers. Another break point has occurred in the last month of the year 2007 following a 

bearish trend in the stock market due to the multiple events that occurred in the year 2007 due 

to the chaos on the state of emergency in Pakistan and the restoration of chief Justice of 

Pakistan with the mean value 0.72 and the standard deviation of 11.71. The same trend is 

observed in November 2008 due to uncertain political situation, the suspension of Pakistan 

from the Commonwealth and the low rating of Pakistan by Moody’s but the index started 



ANALYSIS OF VOLATILITY OF PORTFOLIO RETURNS: EVIDENCE FROM PAKISTANI STOCK MARKET             82 
 

  

gaining momentum at the end of November 2008 as evident from the last change point with 

the mean value of -2.78 and the standard deviation 16.20. 

Hence, the description of the deterministic events and the stochastic events indicates 

almost the similar events/information/news that triggers the trading behavior of the stock 

exchange. The only motive to test for the structural shifts in the unconditional variance of the 

stock returns is that if any of the discrete shifts could not be determined through the 

observable source then the other efficient option to capture the discrete shifts in the 

unconditional variance of the stock returns is by the ICSS algorithm in the form of stochastic 

change points Aggarwal (1999). 

The sample of this study is the justified sample because the stocks are selected based 

on defined criteria and the deterministic events are identified through published sources. 

Also, the ICSS algorithm is employed to calculate the stochastic shifts in the unconditional 

variance of the stocks. The main obstacle in the collection of the data was the computerized 

non-availability of the daily frequency data of the economic variables and the stocks.  
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Figure 7. Variance Break-points Detected by ICSS Algorithm 

Ju
l-

9
8

Ju
l-

9
9

Ju
l-

0
0

Ju
l-

0
1

Ju
l-

0
2

Ju
l-

0
3

Ju
l-

0
4

Ju
l-

0
5

Ju
l-

0
6

Ju
l-

0
7

RP1 

 
Ju

l-
9

8

Ju
l-

9
9

Ju
l-

0
0

Ju
l-

0
1

Ju
l-

0
2

Ju
l-

0
3

Ju
l-

0
4

Ju
l-

0
5

Ju
l-

0
6

Ju
l-

0
7

RP2 

 

Ju
l-

9
8

Ju
l-

9
9

Ju
l-

0
0

Ju
l-

0
1

Ju
l-

0
2

Ju
l-

0
3

Ju
l-

0
4

Ju
l-

0
5

Ju
l-

0
6

Ju
l-

0
7

Ju
l-

0
8

Ju
l-

0
9

Ju
l-

1
0

RP3 

 

Ju
l-

9
8

Ju
l-

9
9

Ju
l-

0
0

Ju
l-

0
1

Ju
l-

0
2

Ju
l-

0
3

Ju
l-

0
4

Ju
l-

0
5

Ju
l-

0
6

Ju
l-

0
7

Ju
l-

0
8

Ju
l-

0
9

Ju
l-

1
0

RP4 

 

Note: The dotted lines in the above graphs indicate the presence of change points (mean +/-2 standard 

deviations) in the daily series of portfolios returns.   

 

 

Continued 
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Continued (Figure 7) 

Note: The dotted lines in the above graphs indicate the presence of change points (mean +/-2 

standard deviations) in the daily series of portfolio stock returns.  
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Continued (Figure 7) 

 

Note: The dotted lines in the above graphs indicate the presence of change points (mean +/-2 

standard deviations) in the daily series of portfolio returns.   

Methodological Framework 

Volatility is basically a measure of the intensity of unpredictable changes in the stock 

returns series. As evident from the literature review, since stock returns follow the 

autoregressive process thus the family of ARCH/GARCH models are the most suitable 

choice to estimate volatility. The volatility of portfolio returns is estimated by specific to 

general approach suggested by Anderson et.al. (2003). In the specific model of the respective 

study, the conditional mean equation is specified by ARMA process and conditional variance 

equation by one of the symmetric/asymmetric GARCH-M models that best describes the 

volatility based on AIC criterion. Then, moving to the general model first portfolio specific 

variable volume is added into the conditional mean and variance equation of the selected 
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model. Thereafter, the economic variables are added in both the equations and lastly, the 

general model is obtained by incorporating the stochastic dummies followed by the 

deterministic dummies into the conditional mean and conditional variance equation 

respectively. To achieve another objective of the study, the evaluation of the in-sample fit and 

out-sample fit forecasting performance of these portfolio returns volatility models is done to 

arrive at the most superior model that can be used by investor and policy makers to forecast 

volatility. Lastly, the volatility spillover effect is examined between the most risky portfolio 

and the least risky portfolio and also the volatility spillover effect between the high to low 

beta portfolio and the four of the economic factors respectively. 

The Specific GARCH Models. The autoregressive condition heteroskedasticity 

(ARCH) family of models is used for studying the volatility of the portfolio returns. These 

models view the variation of the disturbance terms as being heteroskedasticity25 (i.e time 

varying variances). Engle (1982) introduced these ARCH models, giving weight to the 

current as well as historical information in modeling the volatility of the returns. Engle’s 

model suggested that the variances of the residuals at the current time period depend on the 

squared error terms of the past periods. Later on, Bollerslev (1986) and Taylor (1986) 

proposed the GARCH models, by allowing the conditional variance to be dependent on their 

own previous lags as well. GARCH models are considered far better than the ARCH 

specification because the latter is more parsimonious and avoids over fitting. A low-order 

GARCH model can be used as an alternative to high-order ARCH model, because a GARCH 

specification would require fewer parameters to estimate and consequently the less degree of 

freedom would be lost. 

                                                           
25  Classical linear regression models (CLRM) assumes the variances of the error terms to be constant 

(homoskediastic). But ARCH/GARCH models violate these assumptions, stating that the disturbance of the 

financial data exhibits time varying variances (heteroskedastic). 
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The portfolio returns are believed to be dependent on their own historical information 

in addition to other factors. In order to specify the effect of the return’s own previous 

information, the Autoregressive Moving Average (ARMA) models are most commonly 

applied. The ARMA models are an important class of time series models introduced by Box 

and Jenkins (1970) that takes into account the data generating process of the stock returns. 

These models suggest that the current values of returns along with other factors depend on 

the previous values of the returns and the white noise disturbance terms. 

In general an ARMA (m, n) GARCH (p, q) model is presented as follows: 
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where, Rpt is portfolio returns, α1j and α2k estimates the autoregressive and moving average 

term ht is conditional variance, β1j and β2i estimates the GARCH and ARCH coefficients 

respectively and εt is error term that depends on previous information. 

One of common conception in financial literature is that taking higher risk should be 

rewarded by higher return. GARCH-M model capture risk by adding the conditional variance 

term in the mean equation. If given coefficient of expected risk is significantly positive, it 

implies that higher risk will result in higher return, this coefficient is useful in measuring the 

risk–return tradeoff or risk premium. Therefore ARMA-GARCH-in-Mean formulation 

introduced by Engle, Lillian, & Robins (1987) is more attractive because it defines the risk 

(variance) and returns relation, while jointly estimating the returns and variance process. 

These models are capable of describing the volatility clustering with the capacity for 
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estimating the direct relationships between conditional mean and variance.  Therefore the 

ARMA-GARCH-M models are used in this analysis of volatility given below: 
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Where other variables are same as in Equation (22) and 23) and φ is premium for facing 

variance risk. 

GARCH model captures the symmetry to volatility effect both for good news and bad 

news. Asymmetric effects are characteristics of stock returns time series on asset prices and 

imply that bad news tends to increase volatility more than good news or negative shocks 

results in higher peaks in volatility rather than positive shocks. This is referred as leverage 

effect, whereby a fall in the stock value results in company’s debt to equity ratio to increase. 

So, shareholders evaluate their future cash flows, which depend on the residual value after 

debt is paid, as extra risky. Therefore, to absorb possible asymmetric effect of stock market 

behavior TGARCH and EGARCH and Power GARCH models are also be employed to 

capture asymmetric effect in portfolio returns volatility. Therefore, to measure the 

compensation for volatility estimated risk, the present study estimates the form of EGARCH-

M and TGARCH-M model and PGARCH-M models respectively. 

TGARCH or Threshold GARCH model presented independently by Zakoian (1994) 

and Jaganathan, Glosten and Runkle (1993), is also called as GJR.  Additional term is added 

to the GARCH model for capturing the asymmetries, so it is extension of GARCH model. 

The conditional mean equation remains the same as in equation (22). The conditional 

variance equation for TGARCH-M model is as follow: 
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Here, It=1 if 0t and otherwise it is zero.  This implies that 0kt  that represent 

bad shocks in returns and 0kt  that represent positive shocks at returns, has different effect 

on conditional variance. A bad shock has an effect of ki 31   , while good shock in returns 

has effect of β2i. If 03 k , it is concluded that shock effect in not symmetric. However, 

if 03 k , negative news raises variance or volatility implying that leverage effect is present. 

The exponential GARCH (EGARCH) was firstly presented by Nelson (1991). 

Conditional Variance equation of model is explained as follow: 
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(25)   

In this, the leverage effects are exponential, not quadratic, because dependent variable 

is log of the conditional variance.  More essentially, the predictions of the variances are 

ensured to be positive even though the parameters are negative. Therefore, there is no need of 

imposing constraint of non-negativity on the variance parameters.  To detect the leverage 

effect the hypothesis that 03 k can be tested. However, if 03 k  still there exists 

asymmetric behaviour. 

The power GARCH (PGARCH) model has been introduced by Ding, Granger and 

Engle (1993). They have incorporated various properties of the ARCH and GARCH type 

models to explain the asymmetric effects of volatility with the symbol δ. In PGARCH-M 
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model the conditional mean equation remains the same and conditional variance equation is 

expressed as: 

  121110 )(   tttt hh
           (26) 

The power δ in the variance equation captures the asymmetric effect of the portfolio 

stock returns
 

The extended GARCH model to general specification. It is well documented that, 

in conditional return distributions much of the variability is due to variables that derive 

business conditions in the economy. Therefore, to estimate portfolio returns volatility first 

trading volume is taken into account into the conditional mean and variance equation. 

Trading volume which is commonly taken as a proxy for information flow by numerous 

researchers can either be positively or negatively auto correlated based on the trading 

behavior of stocks. The incorporation of trading volume in the models to study stock return 

variability dates back to Osborne (1959) who introduced the Brownian Motion Process in 

which the security prices were modeled as a lognormal distribution of the variance term 

dependent on trading volume. 

In the next step, an attempt is made to examine the empirical validity of some 

prominent economic variables in the models that have already been tested for developed 

markets to see their impact for the Pakistani market. The economic variables are relevant to 

the pricing movements of the financial markets, as it is evident from the multi-factor model 

(Ross, 1976) that the systematic economy wide factors are important that have general impact 

on the financial stock markets. The economic variables; market return, foreign exchange 

reserves( cash holdings), real foreign exchange rate, oil prices and gold prices. The purpose is 

to investigate the joint roles of portfolio specific factors and economy wide factors to explain 

the volatility behavior of portfolio returns of high risk to low risk.  
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Since 1970s, the finance academicians have always shown the concern for any 

seasonal anomalies and the structural shifts that occurs in the pattern of the stock prices to 

overcome the problem of overestimation of the persistence of stock return volatility 

(Aggarwal, 1999).The volatility models are extended by determining the events that have 

occurred during the entire sample period and the discrete shifts identified in the unconditional 

variance of the portfolio stock returns respectively. 

The conditional mean equation (20) is extended to general form as follows  
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The condition variance equation for GARCH-M 
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The condition variance equation for TGARCH-M 
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The condition variance equation for EGARCH-M 
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The condition variance equation for PGARCH-M 
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In Equations (28) to (31) all the variables remains the same. Vp stands for volume 

portfolio of each of the 10 portfolios, E stands for the economic variables, Dn= 1 for each of 

the 11 deterministic events and 0 otherwise,  Dl =1 for the period starting from the data of 

(variance) change point identified from the ICSS algorithm onwards to the last observation 

and 0 otherwise. 

Forecasting performance and evaluation of portfolio return volatility. After 

empirically estimating volatility of ten portfolio returns, this research study makes the first 

attempt to examine the forecast ability of portfolios stock return volatilities. The forecasting 

function has taken place within two sets of the sample i.e. the in-sample fit forecasting 

performance of the portfolios stock return volatilities falling within the time period of July 

1998 to June 2009 and the out-sample fit forecasting performance of the portfolios stock 

return volatilities falling within the time period of July 2009 to June 2011. These in-sample 

fit and out-sample forecasting performances are evaluated by using four standard symmetric 

measures identified as root mean square error (RMSE), the mean absolute error (MAE) and 

the Theil inequality coefficient (TIC)and the mean squared error (MSE). These statistical 

measures are expressed as; 
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Where 
2ˆ
t indicates forecasting of volatility, 
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t  shows volatility at actual. 
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            (34) 

The Theil inequality coefficient range between zero and one where zero shows a perfect fit. 

 Mean Squared Error (MSE) is the combination of three proportion components called as the 

bias proportion, variance proportion and the covariance proportion as shown below.  

                      (35) 

                     (36) 

                     (37) 

The total sum of these three proportions is equal to 1 where BP=VP=0 and CP=1 and are 

calculated in terms of total forecasted error. 

Volatility spillover effect. Following is the description of the econometric framework 

employed to analyze the volatility spillover effect between the highest beta portfolio and the 
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lowest beta portfolio as well as the volatility spillover effect of the highest beta portfolio 

returns (Rp1) and the lowest beta portfolio returns (Rp10) with the economic variables. The 

volatility spillover effect is estimated among all of the entire ten portfolios as well as between 

all high/low beta portfolios returns and the economic variables. However, the most interesting 

cases that are of volatility spillover effect between the highest risky portfolio returns and least 

risky portfolio returns as well as the volatility spillover effect between the highest-lowest 

portfolios returns and the economic variables that are the foreign reserve returns, foreign 

exchange rate of returns, the gold market returns and the oil market returns for the time 

period of July 1998 to June 2011 are reported in the respective chapter. 

As explained earlier that the symmetric/asymmetric GARCH-M models with the 

specific to general approach are employed in the present study to check the superiority of one 

or more of the respective models in analyzing, estimating and forecasting the portfolio returns 

volatilities, therefore to study the volatility spillover effect, the superior 

symmetric/asymmetric GARCH-M model with the general approach is used for the further 

analysis.  

The conditional mean equation of the ARMA-ARCH-M generalized model in the general 

form can be expressed as;  
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where, Rpt  is portfolio returns, α1j and α2k estimates the autoregressive and moving 

average term ht is conditional variance, Vp stands for volume portfolio of each of the 10 

portfolios, E stands for the economic variables, Dn= 1 for each of the 11 deterministic events 

and 0 otherwise,  Dl =1 for the period starting from the data of (variance) change point 

identified from the ICSS algorithm onwards to the last observation and 0 otherwise.
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And, to examine the volatility spillover effect between the highest beta portfolio 1 and 

the lowest beta portfolio 10, the following two models estimate the volatility spillover effect 

of the return portfolio 1 on the previous volatility spillover effect on the return portfolio 10 

and of the return portfolio 10 on the previous volatility spillover effect on the return portfolio 

1 respectively.
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where the volatility spillover effect between the highest beta portfolio 1 and the lowest beta 

portfolio 10 in Equation (39) and (40) is measured by ϕ1 and ϕ10 where Vrp10 is GARCH 

variance of portfolio 1 in equation (39) and Vrp1 is GARCH variance of portfolio 10 in 

equation (40) and all other variables remains the same as given in equation 38. 

Lastly, to examine the volatility spillover effect between the highest beta portfolio 1 

and the foreign exchange reserve (cash holdings) return, foreign exchange rate of return, gold 

return and oil return and the volatility spillover effect between the highest beta portfolio 10 

and the foreign exchange reserve (cash holdings) return, foreign exchange rate of return, gold 

return and oil return, the following two models estimate the volatility spillover effect of the 

return portfolio 1 on the previous volatility spillover effect on the business cycle variables 

and of the return portfolio 10 on the previous volatility spillover effect on the business cycle 

variables  respectively. 
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The economic variables (X) are added one by one in Equations (41) and (42) and the 

significant ϕ shows the volatility spillover effect between the highest portfolio returns (Rp1) 

and the economic variables and between the lowest portfolio returns (Rp10) and the 

economic variables and all other variables remains the same as given in equation 38.  

 

 

Pre-Estimation Specification Measures 

Unit root test. As the stock prices, stock volume, economic variables are time 

dependent possessing random-walk properties. Therefore, the financial and economic 

variables are stationarized by the ADF test and the PP test expressed as: 

ADF Test  

                    (43-a)  

       (44-b) 

                                                   (45-c) 

where ∆yt-1 is a stationary process and εt is a white noise process. 

PP Test 

          (46) 
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The above equation is the AR(1) process with less restricted nature of the error 

process. 

The model specification selection criterion. The Akaike Information Criterion 

(AIC) developed by Akaike (1974) is the most commonly used model selection criterion in 

the time series analysis and can be expressed as; 

                                                                                                               (47) 

Where T is the number of observations, k is the number of parameters and l is the value of the 

log likelihood function respectively. 

ARCH effect test. Following the work of Loudon, Watt and Yadav (2000), the 

Lagrange Multiplier test is employed to test for ARCH effects and serial correlation with ten 

lags expressed as;  

                          (48) 

The  indicates no autocorrelation when is 0 and  

Test of asymmetry. To detect the presence of asymmetric response of volatility to 

negative shocks, Engle and Ng (1993) introduced diagnostics test for capturing the 

asymmetry in volatility. Three data sets has been presented by Engle and Ng (1993) to 

evaluate that either asymmetric model can be employed for particular data set. These tests are 

then conducted on residuals of standard GARCH (1, 1) model with a constant in mean 

equation. They evaluate the forecasting influence of variables observed in the previous prices 

that are not part of GARCH model. If these variables can forecast the normalized squared 

residual, then the variance model is mis-specified. 
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The Sign Bias test examines both negative and positive price shocks of the uniform 

magnitude yield the same volume of volatility. For this reason, dummy variable 


1tS  is taken 

as indicator. It take value = 1 if 0ˆ
1 t  and 0 otherwise.  Negative sign bias test examine 

that either negative returns shock of different magnitude has different impact on volatility. 

While positive sign bias test investigate different influences of small and large positive return 

shocks on volatility. Engle and Ng (1993) presented then a joint test for both size and sign 

bias. General test of sign and size bias examine that either volatility depends on both of size 

and sign of past shocks. Test is based on following regression: 

                                                                    (49) 

 

Null hypothesis of no sign and size bias holds when: 

Ho: β2 = β3 =0 

Test statistics for these three types of bias are three coefficients of t-ratios. Joint test 

statistics of both sign and size bias is explained in term of Lagrange Multiplier (LM) taken 

equal to nR2. It trails the chi-square distribution with 3 degrees of freedom. 

Test of autocorrelation and squared autocorrelation. The Ljung-Box statistics 

LB(10) and LB2(10) Kavocic (2008) is employed to test for the autocorrelation and squared 

autocorrelation expressed as; 

       (50) 

Where K indicates the lag length,  is the sample autocorrelation coefficient of order k. 

This statistic follows a chi-square distribution with K degrees of freedom.  
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Joint significance of stochastic dummies. The joint significance of the stochastic 

change points are tested by employing the Wald test that can be expressed as; 

F  =                                 (51) 

The above equation follows the F-type distribution with degrees of 

freedom and if F statistical value is greater than the F critical value then the restrictions 

become invalid. 

Estimation technique. The Maximum Likelihood estimation technique is applied to 

estimate portfolio return volatility. This study tests the above mentioned GARCH-M models 

by the Student-t distribution which is considered to be the efficient estimator for the time 

series analysis because of its leptokurtic distribution properties as demonstrated by Fiorentini, 

Sentana and Calzolari (2003) and can be expressed as; 
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Where ttz  / , (.) is gamma function and v>2 is the shape parameter. 

Hypotheses Development 

The study seeks answers to the following hypotheses; 

1) The portfolio returns volatilities behavior sorted on beta tend to be well estimated by 

using generalized ARCH models? 

2) The volatility estimated risk is compensated by employing generalized ARCH-in-

mean models? 
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3) The portfolio returns volatilities are asymmetric in nature? 

4) The trading volume, the economic variables, the deterministic events and the 

stochastic change points sufficiently affect the portfolio returns volatilities? 

5) The difference of behavior of the in-sample forecasting performance and the out-

sample forecasting performance of the estimated portfolios returns volatilities. 

6) There is a volatility spillover effect between the high/low beta portfolio returns and of 

the high/low beta portfolios with the economic variables. 

Summary 

To analyze portfolio returns volatilities, the researcher has collected four datasets for 

the time period of July 1998 to June 2011. The first dataset comprises of daily closing prices 

and turnover of shares of 100 listed financial and non-financial firms traded on Karachi Stock 

Exchange. The second dataset comprises of daily prices of five economic factors that are the 

foreign exchange reserves (cash holdings), real foreign exchange rate, market return, oil 

prices and gold prices respectively. The third dataset comprises of eleven deterministic 

shocks and the fourth dataset comprises of stochastic change points respectively. The 

sampling procedure is the justified sample as the most active stocks and the stocks 

representative of the sector are selected and the shocks/surprises are identified on 

deterministic criterion and by ICSS algorithm.  

The logarithmic computation is carried out to calculate the stock returns by further 

adjusting for any capital changes that may have taken place in the respective time period. 

Further, the ten equally weighted return portfolios (100 stocks each) are constructed sorted on 

beta. Similarly, the logarithmic computation is carried out to calculate the trading volume as 

well as the foreign exchange reserve return, real foreign exchange rate of return, market 

return, oil return and the gold return respectively. For the deterministic events and the 
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stochastic change points the dummies are created where the events and change points are 

assigned the value of 1 and zero otherwise.  

To estimate and analyze the portfolio returns volatilities, the univariate GARCH-M 

models are employed on specific to general approach and based on the AIC criterion and the 

R2the superiority of the model is checked and also attempted to find out that which of the 

GARCH-M models are the most robust models to efficiently estimate and forecast the 

portfolio return volatilities based on forecasting measures of RMSE, MAE, MAPE and TIC 

respectively. Lastly, the volatility spillover effect between the highest beta portfolio and the 

lowest beta portfolio and the volatility spillover effect between the high to low beta portfolio 

returns and the four economic variables are analyzed by employing the superior univariate 

GARCH-M model respectively.  

The pre-estimation specification measures of the unit root test, the lagrange multiplier 

test, the Ljung-box statistics LB(10) and LB2(10) test, the Wald test, the asymmetry test, the 

maximum likelihood estimation technique are specified before initializing the estimation 

analysis of the portfolios returns volatilities in the respective study.  

This research study has developed 6 research hypotheses to estimate, analyze and 

forecast the portfolio returns volatilities as well as the volatility spillover effect between the 

portfolios returns and between the market return and the economic factors respectively.  
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CHAPTER 5 

EMPIRICAL RESULTS & DISCUSSION 

The present study examines the volatilities of the portfolio returns (100 stocks) of the 

listed financial and non-financial firms of the Karachi Stock Exchange for the time period of 

July 1998 to June 2011. To assess the forecasting performance of the portfolio returns 

volatilities, the in-sample data comprises of 10 portfolios (10 stocks each) for the time period 

of July 1998 to June 2009 and the out-sample data comprises of 10 portfolios (10 stocks 

each) for the time period of July 2009 to June 2011. The portfolio returns 1 is the most risky 

portfolio returns with the highest betas moving in a continuum to the least risky portfolio 

returns 10 with the lowest betas and the total trading days of the 100 stock returns included in 

the ten equally weighted portfolios range from 2949 (PIOC) to 3444 (NESTLE) respectively. 

This chapter further reports and explains the empirical results of the portfolio returns 

volatilities. First, the detailed analyses of the construction of stock and volume portfolios 

sorted on beta are explained. Second, the distributional characteristics of the portfolio returns, 

portfolio volume and the economic variables are explained. Third, the preliminary analysis of 

the data and the analysis on the selection of the best performing model to estimate volatility 

from the set of four symmetric/asymmetric GARCH-M models are explained. Fourth, the 

empirical results of the GARCH-M models extending from specific to general specifications 

by incorporating the volume portfolio, economic variables, deterministic events and the 

stochastic events in the conditional mean and the conditional variance equations of the 

respective GARCH-M models and the asymmetry returns volatility are reported and 

explained. Fifth, the empirical results of the in-sample and the out-sample performance of the 

estimated portfolio returns volatilities are reported and explained. Sixth, the volatility 

spillover empirical results between the most risky portfolio returns 1 and least risky portfolio 
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returns 10 and further between the most risky portfolio returns 1 and the economic factors 

and the least risky portfolio returns 10 and the economic factors are reported and explained.  

Lastly, the summary and conclusion of the entire empirical results are presented.  

Construction of Portfolios (Sorted On Beta) 

The first objective of the present study is to construct portfolios based on risk of 

stocks. The risk of a single stock is measured by the systematic risk known as beta (β) that 

explains the variability of the individual stock’s variance relative to the variance of the total 

market portfolio.  Therefore, in this study, the stock market return is used to estimate the risk 

(beta) of 100 stocks. Each stock return is regressed on the market return and the 100 stock 

return betas are obtained respectively and then the 10 high/low beta portfolios are formed 

comprising of 10 stocks each by using equal weight for each stock in the portfolio (see 

appendix D). The return portfolio 1 is the highest risky portfolio and the return portfolio 10 is 

the lowest risky portfolio respectively. The symbols of the stocks that are included in highest 

beta portfolio that is return portfolio 1 are PIAA, CHCC, MODAM, FECTC, DSFL, HWQS, 

NESTLE, GENP, KESC, AGIL. The beta values of these stocks range from 1.68 to 4.63 and 

the volume range from 2.68 to 1.45 and the average adjusted returns offered by the 

companies range from 14.7%to 44.0% respectively. This shows that the highest beta stocks 

due to high volatility thereby offer the higher returns to the investors to hedge against the 

investments made in the risky stocks. As regard to the return portfolio 2 of the symbols that 

are included in the high risk beta portfolio of GHGL, MLCF, FCCL, DNCC, CPPL, GASF, 

PAEL, HSPI, AGIC, HMB, the beta values range from 1.01 to 1.66 and the volume range 

from 2.20 to 2.60 and the average adjusted returns computed tend to range between 13% and 

11% respectively. This indicates that the high risk beta tender higher risk but promise for the 

higher returns as is evident from the stocks in the higher cadre risk portfolio. The return 

portfolio 3 shows the beta values ranging from 0.55 to 1.00 and the range of volume from 
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2.58 to 2.69 which shows that the investors demand higher return to hedge against any 

fundamental and default risk that may encounter the stocks included in the respective 

portfolio.  The average adjusted returns of the symbols DEI, SEL, FEM, ENGRO, AICL, 

FABL, PRL, EFUL, PIOC, PAKT included in the return portfolio 3 range between 12.5% to 

12.8% respectively. The stocks included in the return portfolio 4 are LUCK, OTSU, GADT, 

SNGP, HUE, BOP, SCLL, SSGC, TRIPF, QUICE with the beta values ranging from 0.322 to 

0.466 with the average adjusted returns of 10.6% to 7.0% and the volume ranging from 2.56 

to 2.44 respectively. The stock return portfolio 5 includes MARI, HINOON, PSMC, DGKC, 

FHAM, AKBL, REWM, DAWH, TELE, CEPB with the beta values ranging from -0.17 to 

0.23 and the volume ranging from 2.43 to 2.17 and the average adjusted returns ranging from 

3.1% to 5.7% respectively. As soon as the return portfolios have started entering into the low-

beta continuum, the beta values have either become less than 1 or negative. As evident from 

the beta results of the return portfolio 5, the return portfolio has indicated the negative beta. 

The negative beta indicates the downside trend of the stock when the market is moving up 

and such betas are common in the high technology industries example oil and gas mining and 

industrial transportation. The negative betas add value to the portfolios and when the stock 

market declines these betas increase in value. The stock symbols of the stock return portfolio 

6 are GTYR, IBFL, KTML, INDU, EFUG, CRTM, SEPCO, CSAP, TRSM, PMI with the 

beta values of -0.33 to -0.19 with the average adjusted returns of 0.69% to 0.5% and the 

volume ranging from -0.10 to 0.003 respectively. Another low beta return portfolio 7 includes 

the symbols of KOIL, AABS, PTC, ICI, ULEVER, PSYL, HAL, KOHE, TAJT, HCAR with 

the beta values of -0.68 to -0.35 with the average adjusted returns of 0.03% to 0.41% and the 

volume ranging between 2.46 to 2.1 respectively. These low cadre risk portfolios offer the 

lower return because of less or no default risk involved in the investments made by the 

investors in the respective stocks of the low beta portfolios. Also, the investors are confident 

to receive a nominal rate of return at maturity. The  return portfolio 8 shows the beta values 
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that range from  -1.09 to -0.69 of the symbols IGIBL, AGTL, FFLM, FFC, SERAL, FHBM, 

IDRT, PSO, FPJM, BIFO with the average adjusted return of 0.28% to 0.132% with the 

volume ranging between 0.90 to 0.74 respectively. The least risky return portfolio 9 

comprises of PAKD, SAIF, NRL, MTL, NML, SNBL, MCB, TSPL, SHEL, JPGL having the 

risk measure values of -1.73 to -1.13 and the volume ranging between 2.46 to 2.1 with the 

average adjusted returns of 0.9% to -0.8% respectively. The last and the lowest  return 

portfolio 10 includes the stocks of SMTM, BAHL, CHAS, LPCL, NCL, BRR, PAKMI, 

SITC, LINDE, PNSC with the beta values ranging from -8.98 to -1.94 with the average 

adjusted returns of 0.2% to 0.72% and the volume ranging between 2.46 to 2.1 respectively. 

The results and findings mentioned above show that the high/low beta return 

portfolios tend to behave differently for the risk averse investors and for the risk seeking 

investors respectively. For the risk averse investors who want to take less no risk may be 

more inclined to the low beta portfolios where the expected return tends to be low but the 

stocks behave to be less risky whereas for the high risk seekers, the high beta portfolios offer 

higher returns but tend to be the risky assets. The beta values greater than 1 of the high beta 

portfolios thereby indicate that the high beta return portfolios are more sensitive to the 

systematic shocks respectively. Also, it is interesting to note that the trading volume of the 

high/low beta portfolios tend to be behave differently. In the highest beta portfolio returns, 

the trading volume seems to be larger and at the same time, the trading volume tends to be 

greater in the lowest beta portfolio returns respectively. It could be said that the investment 

behavior of the investors tend to differ based on their risk preference to invest either in the 

high risky stocks or to invest in the low risky stocks respectively.  
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Distributional Characteristics of the Sample Data 

The distributional characteristics (summary statistics) of the sample data of the 

portfolio returns, volume portfolio and the economic variables are computed and explained 

below; 

Summary statistics of the portfolio returns. Since the stock returns follow the 

random walk properties and possess the property of volatility clustering, therefore the 

distribution of stock returns turn out to be non-Gaussian and asymmetric in nature that have 

been tested for each of the 10 portfolio returns by skewness where the skewness value should 

be greater than 0. On the other hand, the distribution of the portfolio returns is statistically 

tested by kurtosis and the kurtosis values higher and lower than 3 indicate the non-Gaussian 

distribution of the sample series. As evident from the results reported in table 1, the portfolios 

are either negatively skewed or positively skewed with the values greater than 0 providing 

evidence of asymmetry because of the upward and downward movements of the stock 

returns. Likewise, the kurtosis values of each of the 10 stock return portfolios are lower or 

higher than the value 3 indicating the leptokurtic distribution with extreme values and thicker 

tails.  

Another test of normality, the Jarque-bera (JB) test is employed to test the normality 

of the data of the variables undertaken in the research study. If the normality of the skewness 

and the kurtosis is rejected then the JB statistic significantly rejects the null hypothesis that 

the data is normal. The results of p value of JB test supports the non-normality of the 

portfolios returns respectively thereby confirming for the leptokurtic distribution of the 

portfolio returns. are reported in table 1 respectively.  

Summary statistics of the volume portfolio. Considering the summary statistics of 

the trading volume, the asymmetry of the volume portfolios is significant with all the 
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portfolios negatively skewed (titled towards left) and the whole volume series is non-normal 

in nature with the kurtosis values ranging between 5.07to 104.38 and that of p-value of the JB 

statistic respectively. The results are reported in table 1 respectively.  

Summary statistics of the economic variables. The skewness of oil and foreign 

exchange reserves is negatively tailed and that of the rest of the variables are positively tailed 

showing the asymmetry of all of the economic variables. Similarly, the kurtosis values of the 

economic variables range between 1.93 to 964.92 respectively and the p-value of Jarque-Bera 

statistic thereby rejecting the hypothesis of normality of the data. The results are reported in 

table 1 respectively.  
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Table 1 

Descriptive Statistics of the Portfolio Returns, Portfolio Volume and Economic Variables 

Portfolios Returns Meana S.Db Skewness Kurtosis JB-test P-valuec Obs 

RP1 0.72 13.46 -0.13 24.01 59145.3 0.00 3214 

RP2 0.90 18.63 0.67 13.25 14240.8 

0.00 

3195 

RP3 0.71 17.94 0.012 45.60 243193.7 

0.00 

3216 

RP4 0.63 19.40 -0.94 24.35 61266 

0.00 

3198 

RP5 0.64 20.10 0.23 20.24 39618.77 

0.00 

3195 

RP6 0.58 21.11 0.33 7.49 2764.12 

0.00 

3216 

RP7 0.64 18.99 -0.640 15.22 20228.9 

0.00 

3212 

RP8 0.65 19.50 0.15 9.14 5032.628 

0.00 

3195 

RP9 0.49 21.02 -1.36 51.97 320430.2 

0.00 

3196 

RP10 0.40 22.63 -0.35 15.97 22680.86 

0.00 

3224 

Trading Volume Portfolio 

VP1 0.56 0.24 -5.74 57.84 421193.1 

0.00 

3214 

VP2 0.57 0.23 -5.851 60.78 463703.8 

0.00 

3195 

VP3 0.54 0.29 -5.19 49.18 299037.3 

0.00 

3216 

VP4 0.57 0.27 -2.45 14.62 21254.08 

0.00 

3198 

VP5 0.60 0.29 -0.32 5.07 57.82035 

0.00 

3195 

VP6 0.72 0.12 -4.35 74.84 702057.5 

0.00 

3216 

VP7 0.79 0.15 -9.22 98.84 1276494 

0.00 

3212 

VP8 0.72 0.16 -0.87 4.09 568.616 

0.00 

3195 

VP9 0.62 0.18 -2.55 29.44 96794.43 

0.00 

3196 

VP10 0.68 0.19 -8.46 104.38 1416162 

0.00 

3224 

Economic Variables 

OIL 0.85 0.65 -0.20 2.29 9.64E+01 

0.00 

3183 

EX 0.08 0.110 0.937 4.66 8.48E+02 

0.00 

3183 

FXR 0.28 0.349 -0.82 2.36 419.6382 

0.00 

3180 

RM 0.083 0.376 0.06 988.7564 1.31E+08 

0.00 

3183 

GOLD 0.93 0.68 0.53 1.92 311.4881 

0.00 

3183 

a indicates the mean value in percentages;    b indicates the standard deviation in percentages; c indicates the probability 

values  
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Preliminary Diagnostic Analysis of the Variables 

Before initializing the empirical estimation of the portfolio returns volatilities, various pre-

estimation specification tests are carried out that are explained below; 

Analysis of the Unit Root Test. The time series properties analysis begins with the 

tests for the stationarity of the data. To achieve valid results, using the ARMA-GARCH 

models, stationarity (i.e. the fluctuation of the data around a common mean throughout the 

series) of the series is pre-requisite. Therefore, the closing prices of the financial and non-

financial stocks, turnover of shares and the economic data are tested for unit root by 

employing the ADF test and PP test respectively. As per the estimation procedure, in the 1st 

step, the unit root of the respective variables is tested with intercept at level and the results 

have indicated the presence of the unit root respectively. Therefore, to again test for the unit 

root in the time series of the respective variables, in the 2nd step the variables are run at trend 

and intercept at 1st difference and the results indicate the rejection of unit root in the time 

series of the data and confirm that the data has become stationary.  The unit root results of the 

financial and non-financial firms, the turnover of shares and the economic data are reported 

in Appendix C-1, C-2 and C-3 respectively. 

Identification of ARMA(m,n)-ARCH Process in the Portfolio Returns. The 

identification of the properties of the portfolio returns generating process is important in the 

time series estimation of the volatility models. Therefore, to diagnose the specification of 

ARMA and ARCH process, Box-Jenkins procedure is used [Box and Jenkins, (1976)]. This 

diagnostic procedure involves the determination of the order of the autoregressive (AR) and 

the moving average (MA) terms in the portfolio returns equation respectively [Ender ,(1995) 

and Green, (2000)]. The procedure is based on a careful analysis of the correlograms for 

residuals and squared residuals containing information on the autocorrelation function (ACF) 

and the partial autocorrelation function (PACF) and Ljung Q-statistic respectively. The 
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Autocorrelation function (ACF) is useful in distinguishing between AR or MA process. 

However, a Partial autocorrelation function (PACF) is particularly important to distinguish 

between the AR (m) or ARMA (m, n) process respectively. However, ACF/ PACF gives an 

idea about the ARMA lags, to get the valid results. First, an ARMA model is estimated and 

then the Ljung Box Q statistics for the standardized residuals is analyzed to check whether 

any autocorrelation is left to be captured or not. In addition to these diagnostic tests, various 

performance criteria such as Akaike information criteria (AIC) and Schwartz Bayesian 

criteria (SE) are also used to make choices when more than one specification appears equally 

good [Enders (1995), Green (2000)]. The present study has also used the AIC criteria to 

select the most appropriate specification to analyze portfolio returns volatilities respectively. 

The most suitable order of GARCH specification, in the conditional variance equation 

is also chosen on the basis of the post estimation residual tests.  Bollerslev (1992) has 

empirically found GARCH (1,1) as an ample choice for GARCH modeling. However, if 

GARCH (1,1) remains insignificant in removing the ARCH effect completely, further lags 

can also be included. The post estimation Lagrange multiplier (LM) ARCH statistics can be 

analyzed to check the validity of each model. 

Therefore, to confirm for the ARCH effects and the autocorrelation in the sample 

series data, the Lagrange Multiplier test at lag (10) and the Ljung Q-statistics at lag 10 and 

the squared Ljung Q-statistics at lag (10) are carried out in the present study. The results 

provides clear evidence of the ARCH effects and autocorrelation in the variance of the error 

terms significant at 1% level as shown in the tables 3 to tables 12 respectively. Also, 

according to the Box-Jenkins procedure, the results reported in these tables show that ARMA 

(1,0) with GARCH (1,1)-M models seem most appropriate to explain the volatility behavior 

in almost all ten portfolio respectively. 
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Tests for Asymmetries in Volatility 

Table 2 

Engle-Ng tests for Asymmetries in Portfolio Returns Volatilities 

 Sign Bias Negative Size Bias Positive Size Bias Joint Bias 

Portfolio Returns 1 349.09* -72.17* -11.28* 7.87* 

Portfolio Returns 2 204.26* 5.52* -12.43* 8.11* 

Portfolio Returns 3 138.95* 156.53* -7.89* 9.58* 

Portfolio Returns 4 -68.28* 390.98* -6.19* 33.74* 

Portfolio Returns 5 -194.90* 534.50* -6.39** 41.19* 

Portfolio Returns 6 122.84* -20.33* -8.81* 5.04* 

Portfolio Returns 7 180.57* -14.18* -20.12* 8.31* 

Portfolio Returns 8 286.10* -77.56* -14.22* 4.72* 

Portfolio Returns 9 -694.43* 27.31* -84.49* 84.37* 

PortfolioReturns 10 53.77* 105.98* -25.09* 27.24* 

 

The above table shows the results of the four biases that are the sign bias, the negative size 

bias, the positive size bias and the joint bias respectively. The z-statistic value of the sign bias 

of the highest beta portfolio 1 is 349.09 and that of the lowest beta portfolio returns 10 is 

53.77 respectively. Both of the most risky and the least risky portfolio returns have shown the 

positive signs whereas the rest of the high beta portfolio returns and the low beta portfolio 

returns have shown the mixed signs comprising of both positive and negative signs 

respectively. The z-statistic value of the negative sign bias of the highest beta portfolio 1 is -

72.17 and that of the lowest beta portfolio returns 10 is 105.98 respectively. The rest of the 

high beta portfolio returns and the low beta portfolio returns of the negative sign bias have 

shown the mixed signs comprising of both positive and negative signs respectively. The signs 

of the negative size bias indicate that the different magnitudes of sign biases have different 

impact on volatility.  Thirdly, the z-statistic value of the positive size bias of the highest beta 
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portfolio returns 1 is -11.28 and that of the lowest beta portfolio returns 10 is -25.09 

respectively. The rest of the high beta portfolio returns and the low beta portfolio returns have 

shown the negative signs respectively. Lastly,  the z-statistic value of the joint bias of the 

highest beta portfolio returns 1 is -7.87 and that of the lowest beta portfolio returns 10 is 

27.24 respectively. The rest of the high beta portfolio returns and the low beta portfolio 

returns have shown the positive signs respectively. The value greater than zero of all of the 

biases indicate the asymmetry of the entire high/low beta portfolio returns respectively. The 

results thereby validate the usage of asymmetric GARCH-M models proposed by Engle and 

Ng (1993). 

 

Analysis of Wald Test. The Wald test conducted to test for the joint significance of 

the stochastic shocks (change points) are found significant at 1% level for all of the ten 

portfolios returns (see tables 3 to 12).The joint significance of stochastic change points 

confirm for the structural stability in the parameters of the conditional mean and the 

conditional variance of the GARCH-M models. 

Empirical Results of Portfolio Returns Volatility 

To estimate volatility of ten portfolios, the first step is to diagnose the specification of 

conditional mean equation and the conditional variance equation respectively and for this 

purpose, the Box-Jenkins procedure is used [Box and Jenkins (1976)] as mentioned in the 

preliminary diagnostic analysis section. The results indicate that the conditional mean 

equation has ARMA(1, 0) specification which confirms that the portfolio returns follow an  
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autoregressive of order one respectively. Also, the Ljung-Box Q2 statistics and the ARCH-

LM test suggest the presence of volatility in the ten portfolios respectively. 

The starting model used in this study is the GARCH-in-Mean Model as mentioned in 

methodology, which is the extension of the basic GARCH model proposed by Engle, Lilien, 

& Robins (1987). It allows to estimate the reward for facing volatility estimated risk by 

including the conditional volatility as variable in the conditional mean equation that estimates 

expected returns. 

The GARCH-in Mean model is symmetric in its response to past innovations. But, as 

the theoretical literature suggests that good news and bad news may have different effects on 

the volatility and which have been also confirmed by the results of Engle and Ng (1993). The 

results are reported of the presence of asymmetric effect in volatility in Table 2 in the present 

study. Therefore three alternative GARCH-M models are estimated to capture the asymmetric 

nature of volatility responses; TGARCH-in-Mean, EGARCH-in-Mean and PGARCH-in-

Mean respectively. 

The present study has attempted to select one of the four generalized ARCH-M 

models that behave to be superior in estimating and analyzing portfolio returns volatilities on 

the basis of the minimum Akaike information criterion (AIC) and the goodness of fit (R2) 

respectively. 

The empirical results show that two of the four general GARCH-M models i.e. 

symmetric ARMA(1, 0)-GARCH-M and the asymmetric ARMA(1,0)-EGARCH-M models 

show the minimum AIC and higher R2 but if further compared then the superior performance 

is shown by EGARCH-M model with the minimum AIC and  R2 and its advantage to capture 

asymmetry in the conditional variance of each of the 10 portfolio returns. There are several 

studies in literature that also find that the EGARCH model better explains volatility estimates 
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Deo, Srinivasan and Devanadhen (2008) and in Pakistani context, Javid and Ahmad (2009) 

and Qasim and Ahmad (2004) respectively. The detailed results of the EGARCH-M model 

for all of the portfolio returns 1 to portfolios returns 10 are reported in the tables 3 to 12. The 

research hypotheses framed in the methodology section are tested and explained in the 

respective part of the chapter. The results of the GARCH-M, TGARCH-M and PGARCH-M 

for the portfolio returns 1 and portfolio returns 10 are reported in Appendix E and these 

results of the GARCH-M, TGARCH-M and PGARCH-M are briefly discussed. Next, the 

results of in-sample and out-sample forecasting performance are presented and lastly the 

results of the volatility spillover effect between the highest-lowest beta portfolios and the 

economic variables are reported and explained respectively.  

The results of ARMA-EGARCH-M model. As ARMA(1,0)-EGARCH(1,1)-M is 

found most appropriate to estimate the volatility of ten portfolio returns, this section in its 

sub-sections discusses the results of estimation of portfolio returns volatilities in detail.  

The results of conditional mean equation of the EGARCH-M model. The results of 

conditional mean equation of specific model of the most risky portfolio returns 1 show that 

the autoregressive term is negative and significant at 5% level with the z-statistic value of -

1.74 and increases to the significance level of 1% when the trading volume, the economic 

variables, the deterministic events and the stochastic change points are added into the specific 

model with the z-statistic value of -1.93 respectively. The significance value of the risk 

premium26 for facing volatility estimated risk of the specific model turns out to be positively 

significant at 10% level with the z-statistic value of 1.45 and tends to improve with the 

                                                           
26Investors demand higher rate of return on their investment to hedge themselves against any uncertainty in the 

required of return that they expect to earn at some time in the future. The investor therefore expects to get some 

compensation for facing volatility risk called the risk premium. The risk premium is the incremental amount on 

the required rate of return (Fama and French, 1993) which is expected by the risk averse investors. The basic 

motive to estimate GARCH-in-Mean models are to demonstrate the level of reward provided to investors to 

invest in the risky portfolios.  
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positive significance level of 5% when the trading volume, the economic variables, the 

deterministic events and the stochastic change points are added into the specific model with 

the z-statistic value of 1.78 respectively. The similar results are found for almost all of the 

rest of the low-beta portfolio returns respectively. 

The results of the conditional mean equation of specific model of the least risky 

portfolio returns 10 show that the autoregressive term is positive and significant at 1% level 

with the z-statistic value of 6.75 as well as significant at 1% when the trading volume, the 

economic variables, the deterministic events and the stochastic change points are added into 

the specific model with the z-statistic value of 9.99 respectively. The significance value of the 

risk premium for facing volatility estimated risk of the specific model turns out to be 

positively significant at 5% level with the z-statistic value of 1.74 and tends to improve with 

the positive significance level of 1% when the trading volume, the economic variables, the 

deterministic events and the stochastic change points are added into the specific model with 

the z-statistic value of 1.98 respectively. The similar results are found for almost all of the 

rest of the high-beta portfolio returns respectively. 

The difference in the significance levels of the most risky portfolio returns and the 

least risky portfolio returns clearly indicates that the high risk seekers demand for higher risk 

premium to hedge against for any uncertain anticipatory risk whereas the risk averse 

investors are already confronted with little risk as they invest in low risk assets to avoid any 

uncertainty to earn the expected returns. Moreover, the results reveal that the general 

approach improves the significance level of the portfolio returns volatilities over the specific 

approach because the investors tend not to rely only on the past information of the stock 

returns (AR1 process) but as they face any cyclical, seasonal or stochastic shocks, the 

investors immediately demand more compensation to hedge against any uncertainty in the 

expected rate of return.  At the same lines, the results of the risk premium also clearly imply 
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that the investors demand more reward when exposed to the new set of information arrival 

into the stock market such as the economic factors, the seasonal anomalies and the 

unobserved discrete changes in the variances of the stock returns as revealed from the 

improvement in the significance level when tested from the specific approach to the general 

approach respectively.   

The results of conditional variance equation of the EGARCH-M model. The results 

of conditional variance equation of the specific approach of the most risky portfolio returns 1 

show that the ARCH and GARCH terms are positive and significant at 1% level with the z-

statistic value of 8.76 and 24.02 and increases to the significant z-statistic values of 8.97 and 

158.21 when the trading volume, the economic variables, the deterministic events and the 

stochastic change points are added into the specific model respectively. The significance 

level of the asymmetry also tends to increase from the specific approach with the z-statistic 

value of -1.75 to the general approach of 1.96 respectively thereby indicating that the most 

risky portfolio returns are vulnerable to any news/shocks that may occur in the stock market 

or the overall economy. The similar results are found for almost all of the rest of the low-beta 

portfolio returns respectively. 

Similarly, the results of conditional variance equation of the specific approach of the 

least risky portfolio returns 10 show that the ARCH and GARCH terms are positive and 

significant at 1% level with the z-statistic value of 6.38 and 7.96 and increases to the 

significant z-statistic values of 7.91 and 128.26 when the trading volume, the economic 

variables, the deterministic events and the stochastic change points are added into the specific 

model respectively. The significance level of the asymmetry also tends to increase from the 

specific approach with the z-statistic value of -2.02 to the general approach of -2.24 

respectively thereby indicating that the least risky portfolio returns also tend to respond to 
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any news/shocks that may occur in the stock market or the overall economy. The similar 

results are found for almost all of the rest of the low-beta portfolio returns respectively. 

The difference in the significance levels of the most risky portfolio returns and the 

least risky portfolio returns clearly indicates that the high risk seekers quickly respond to any 

shocks/surprises that may encounter the stock market or the overall economy as compared to 

the  low-beta portfolio returns respectively. Moreover, as mentioned in the conditional mean 

equation findings of the respective model, the results reveal that the general approach 

improves the significance level of the portfolio returns volatilities over the specific approach 

because the investors tend not to rely only on the past information of the stock returns (AR1 

process) but as they face any cyclical, seasonal or stochastic shocks, the investors 

immediately attempt to set their trading strategies respectively. 

Impact of trading volume, economic variables, deterministic events and the 

stochastic shocks on the portfolio returns volatility (EGARCH-M model) and Asymmetry. 

Trading volume which is commonly taken as a proxy for information flow can either be 

positively or negatively autocorrelated based on the trading behavior of stocks (Suominen, 

2001). Extensive research has labeled trading volume as the mixing variable that tends to 

reduce the ARCH effects in the conditional variance equation of the GARCH models. In the 

present study, the inclusion of the trading volume is significant at 1% level in the conditional 

mean equations of the portfolio returns 2, portfolio returns 5, portfolio returns 6 and portfolio 

returns 7 respectively as well as significant at 1% level in the conditional variance equations -

of the portfolio returns 3, portfolio returns 4 and portfolio returns 6 respectively. The log 

likelihood function of the most risky portfolio return decrease from -13954.6 of the specific 

approach to -14033.9 when trading volume is added in the conditional mean and conditional 

variance equation of specific approach of the EGARCH-M model. Similarly, the log 

likelihood function of the most risky portfolio return decrease from -13763.3 of the specific 
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approach to -13767.2 when trading volume is added in the conditional mean and conditional 

variance equation of specific approach of the EGARCH-M model respectively. The findings 

further indicate that the fitness of the model (R2) and the AIC criterion minimizes by adding 

the volume portfolio in the conditional mean equation and the conditional variance equation 

of each of the ten equally weighted high/low beta portfolio returns respectively.   

According to Merton (1973, 1980) and Ross (1976), the economic factors are the risk 

factors to identify the volatile movements of average returns in regular market movement. 

Considering the impact of the economic variables along with the trading volume on the 

portfolio returns, the conditional variance equation of the most risky portfolio return 1 

indicates that the market return and gold have positive significant relationship between 

portfolio return and volatility at 1% level, oil prices and the foreign exchange reserves have 

negative significant relationship at 1% in the conditional variance equation of the EGARCH-

M model respectively. Therefore, it could be said that the high risk adverse investors are 

more sensitive to the trading strategies of the stock market and the economic value of gold.  

About the portfolios returns 2, the conditional variance equation find no relationship of the 

market return and the exchange rate with the portfolio returns volatility but find significant 

negative relationship of oil and the foreign exchange reserves with the portfolio returns 

volatility at 1% level. Nevertheless, the trading volume play a significant role in improving 

the significance level of economic factors because investors look forward for the complete 

fundamental effects influencing the equity stocks. The results of the trading volume show 

significance level of 1% with the z-statistic of 3.17 respectively. Focusing on high beta 

portfolio returns 3, the portfolio return volatility in the conditional variance equation of the 

EGARCH-M model show positive significant relationship with all of the five economic 

variables in concurrence with the trading volume. This suggests that the investors of this 
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portfolio are sensitive to the economic variables and plan their investment strategies by 

considering the economic news and conditions of the economy.  

The empirical results of the portfolio returns 4 show positive relation with gold but 

negative relationship with foreign exchange reserves (cash holdings) and the foreign 

exchange rate at 1% level with a positive and significant contribution of the trading volume.  

The portfolio returns 5 finds the negative relationship between the stock return volatility and 

the foreign exchange rate, foreign exchange reserves and the oil prices indicating the opposite 

direction of stock prices to that of the economic variables. As the market becomes bearish, 

the low beta stock portfolios tend to behave pessimistically towards the economic factors due 

to their weak capacity to compete in the overall bearish trend. The stock return portfolios 6, 

7, 8, 9 and 10 are the low beta stock portfolios and the lowest three are indeed the negative 

beta stock portfolios respectively. 

The portfolio returns 6 tends to be less pessimistic as it shows a significant positive 

relation with the market portfolio (RM) and gold at 1% level but a negative relationship with 

oil and a positive significant relationship with the trading volume. The portfolio returns 7 

indicate a significant negative relationship of the stock return volatility with the oil prices, 

foreign exchange rate and the foreign exchange reserves and finds positive significant 

relationship with the market return and the gold prices. The low beta portfolios go linearly in 

the price movements of the economic fluctuations that are low when the overall economic 

structure is at recession. The portfolio returns 8 again find significant negative relationship 

with the oil prices and the foreign exchange reserve but positive relationship with the market 

return and gold and find no relationship with the foreign exchange reserve and the trading 

volume. The portfolio returns 9 considered to be the second lowest beta portfolio indicates 

the negative relationship between the foreign exchange reserves and the foreign exchange 

rate thereby suggesting the investors’ major reliance on the market return that is positively 
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significant at 1% level with the z statistic of 2.72. The low beta stock return volatility is less 

persistent by the incorporation of gold and the market return in the variance equation of the 

EGARCH-M model evident from the z statistic of 3.19 and 2.72 respectively. These values 

indicate the investors’ confidence on the gold prices and the market return to hedge against 

risk involved in investing in the securities. The portfolio returns 10 is the last and the lowest 

beta stock return portfolio where all the stocks in this portfolio have inverse relationship with 

four of the economic variables that are the market return, the oil prices, the foreign exchange 

reserve and the foreign exchange rate. The stocks returns share positive relationship with the 

gold prices and the trading volume at 1% level. 

The overall results so far show that the portfolio returns volatilities are affected by the 

incorporation of the economic variables along with the trading volume when added in the 

conditional mean and the conditional variance equation of the EGARCH-M models 

respectively.  The estimates of the constant term of the most risky portfolio returns 1 and the 

least risky portfolio returns 10 after incorporating the trading volume and the economic 

variables in the conditional mean and the conditional variance equation of the EGARCH-M 

model range from 0.88 to 2.37 and 1.34 to 3.76 respectively. Similarly, the past innovations 

of the conditional variance captured by the ARCH effects and the level of persistence of 

volatility checked by the GARCH effect of the portfolio returns 1 range from 0.94 to 8.92 and 

.84 to -1.09 and that of portfolio returns 10 range from 7.91 to 8.40 and -1.04 to – 2.41 

respectively. Moreover, the value of asymmetry (ϴ) and the GARCH terms turn out to be 

equal and greater than 1 which confirms that the negative news have more influence on the 

portfolio returns volatilities than the positive news respectively.  The similar results are found 

for almost all of the high/low beta portfolio returns respectively. The log likelihood function 

of the most risky portfolio return 1 decreases from 13923.6 of the specific approach to --

14033.9 when the economic factors are added with the trading volume in the conditional 
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mean and the conditional variance equation of the EGARCH-M model in the specific 

approach respectively. Similarly, the log likelihood function of the least risky portfolio return 

10 decreases from -13694.3 of the specific approach to -13767.2 when the economic factors 

are added with the trading volume in the conditional mean and the conditional variance 

equation of the EGARCH-M model in the specific approach respectively thereby indicating 

the significant impact of the economic factors when added with the trading volume in the 

specific approach on the portfolio returns volatilities respectively. The above results show the 

superior performance of the  general approach (AR1, trading volume and the economic 

factors) superior over the specific approach (AR1) based on the lower AIC criterion and the 

higher R2 respectively. 

The portfolio returns volatility tend to be overestimated until the seasonal and size 

anomalies are not fully accounted into the times series of the financial securities Aggarwal 

(1999)27. In the present study, in the time period of July 1998 to June 2011, 11 deterministic 

events are identified in Pakistan that is incorporated into the conditional mean and the 

conditional variance equation of the EGARCH-M model to account for robust analysis of ten 

high/low beta portfolio returns volatility estimates. The portfolio returns volatilities tend to 

improve by including the deterministic shocks in the conditional mean and the conditional 

variance equation of the EGARCH-M model because in the previous objective, some of the 

economic variables showed the insignificant results which are later improved when the 

deterministic events are added along with the economic variables and the trading volume in 

the respective high/low-beta portfolio returns. The foreign real exchange rate showed no 

relationship with the portfolio returns 1when regressed without the deterministic events but 

                                                           
27Extensive research is conducted on the deterministic shifts identified in patterns of the stock to efficiently 

analyze the risk-return tradeoff. Some of standard anomalies of the stock market are The New Year’s day, the 

Monday effect, Thanksgiving, Independence day, Christmas, New Year’s day effect Luu and Martens, (2003), 

day-of-the week effect Baklaci and Kasman (2006),   regime effect (Bauwens, Rime and Sucarrat 2006).  
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after incorporating the deterministic shocks showed significant negative relationship at 1% 

level respectively.  The events of the Taliban issue, the long march and judges restoration 

event, event of the general elections, the resignation of ex-president Pervez Musharraf, the 

Pakistan Muslim League coalition termination event have commonly indicated significance 

level of 1% in the conditional mean and the conditional variance equation of EGARCH-M 

model in all of the high/low beta portfolio returns except for the least risky portfolio returns 9 

that has shown no effect of the deterministic shocks on the portfolio returns volatility. The 

other events that are found significant at 1% level in the high/low beta portfolios are the 

events of the suspension of chief justice of Pakistan and the heavy foreign selling 

respectively.  

The ARCH and GARCH effects of almost all high/low beta portfolio returns are 

statistically significant indicating the improved performance of the EGARCH-M model after 

incorporating the trading volume, economic variables and the deterministic shocks in the 

conditional mean and the conditional variance equation of the EGARCH model.  The value 

of asymmetry (ϴ) and the GARCH term is equal or greater than 1 of the entire high/low beta 

portfolio returns respectively. To be more parsimonious, the minimum value of the AIC and 

the higher value of the R2 of the EGARCH-M model also support the respective research 

objective.  The log likelihood function of the most risky portfolio return 1 decreases from -

13924.1 of the specific approach to -14033.9 when the deterministic events are added with 

the economic factors  and the trading volume in the conditional mean and the conditional 

variance equation of the EGARCH-M model in the specific approach respectively. The AIC 

value also reduces from 8.69 to 8.67 and the R2 increases from 31% to 69% respectively. 

Similarly, The log likelihood function of the least risky portfolio return 10 decreases from -

13767.2 of the specific approach to -13708.2 when the deterministic events are added with 

the economic factors  and the trading volume in the conditional mean and the conditional 
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variance equation of the EGARCH-M model in the specific approach respectively. The AIC 

value also reduces from 8.57 to 8.55 and the R2 increases from 53% to 75% respectively. The 

empirical results of the rest of the high/low beta portfolio returns have shown almost the 

similar results explained in the respective section.  

Lastly, the inclusion of the stochastic shifts in the variance equation of EGARCH-M 

model along with the trading volume, economic variables and the deterministic shocks 

completes the model and turn out to be the general approach of the EGARCH-M model 

respectively. The stochastic changes are the discrete shifts that are present in the random 

pattern of the time series data and if not catered then overestimate the ARCH and GARCH 

effects of the portfolio return volatility which have been also empirically examined by 

Chiang, Chen and So (2007). Therefore to identify these discrete or structural shifts in the 

time series of the portfolio returns, the iterated cumulative sums of square (ICSS) algorithm 

Tiao and Inclan (1994) is used. Portfolio return 1 has 12 change points and out of 12, two are 

positively significant and one change point is negatively significant each at 1% level. Out of 

five change points of the portfolio returns 2, three change points are negatively significant at 

1% level and one change point shows a positive significant relation with stock return 

volatility. Another high beta portfolio returns 3 has 15 change points out of which only 11 are 

significant out of which two are negatively significant with the portfolio return volatility. 

Portfolio returns 4 has 11 change points and 9 are positively significant at 1% level whereas 

the portfolio returns 5 again has 11 change points and 8 are positively significant at 1% level. 

This significance indicates the key importance of the discrete shifts to be incorporated into 

the asset pricing models to avoid the overestimation of the ARCH effects in the residuals of 

the GARCH model. The portfolio returns 6 has 19 change points and 16 change show 

positive significant impact at 1% level with returns volatility. The low beta portfolio 7 has 12 

change points in the unconditional variance of the stock returns and only one is negatively 
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significant with the portfolio returns volatility. The portfolio returns 8 has 8 change points 

and two are negatively significant at 1% whereas for the portfolio returns 9, and 10 the 

change points are 10 and 8 respectively. Out of 10 change points, 3 change points are 

negatively significant and out of 8 change points, the four change points show negative 

significant impact at 1% on portfolio returns volatility respectively. 

Considering the most risky portfolio returns 1, the stochastic shocks along with the 

trading volume, the economic variables, the deterministic dummies and the AR1 process 

declines the volatility clustering around the mean at 1% significance levels with the critical z 

statistic values of 2.99 of the general approach respectively in the conditional variance 

equation of the EGARCH-M model respectively. By considering other risky portfolios 

returns 2, 3 and 4, the stochastic shocks along with the trading volume, the economic 

variables, the deterministic dummies and the AR1 process again shows the significance level 

of 1% indicating the speed at which the information is floated in the market and the investors 

adjust their trading strategies accordingly.  The findings suggest that the trading volume, 

economic factors alone is the weaker innovation in explaining volatility persistence in the 

high beta stocks as well as the low beta stocks respectively. Moving to the low risky portfolio 

returns, the portfolio return 10 volatility persistence is lowered at 1% significance level where 

trading volume in the general approach sufficiently captures the ARCH effects in the 

conditional variance equation. Similarly, the portfolios returns 9, 8 and 7 clearly provide 

evidence at 1% significance level where the portfolio return volatilities is reduced and 

disappeared by the inclusion of the trading volume and the economic factors in the 

conditional variance equation of the EGARCH-M model respectively.  The log likelihood 

function of the most risky portfolio return 1 decreases from -13914.2 of the specific approach 

to  -14033.9 when the stochastic events are added with the deterministic events, the 

economicfactors  and the trading volume in the conditional mean and the conditional variance 
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equation of the EGARCH-M model in the specific approach respectively. The AIC value also 

reduces from 8.69 to 8.65 and the R2 increases from 31% to 49% respectively. The log 

likelihood function of the least risky portfolio return 10 decreases from -13694.3 of the 

specific approach to -13767.2 when the stochastic events are added with the deterministic 

events, the economic factors  and the trading volume in the conditional mean and the 

conditional variance equation of the EGARCH-M model in the specific approach 

respectively. The AIC value also reduces from 8.57 to 8.55 and the R2 increases from 53% to 

76% respectively. 

Based on the above mentioned empirical results, the general model is found to be the 

most robust approach to estimate and analyze the portfolios returns volatilities respectively. 

The empirical results indicate that the investors are not fully satisfied by a single pattern of 

news such as the past information or the past trend of the portfolio returns but also other 

fundamental factors that directly and indirectly influence the portfolio returns Schwert (1989) 

respectively. The ARCH/GARCH parameters of all of the high-to-beta portfolios returns 

show significant results that suggest that the general approach is the superior model over the 

specific approach also concluded by Anderson, Bollerslev, Diebold and Labys (2003) 

respectively. Also, the asymmetry (ϴ) and the GARCH term of all of the ten high/low beta 

portfolios is equal and greater than 1 which strongly indicates that the negative news tend to 

strongly impact the portfolio returns volatilities more than the positive news respectively. 

Conclusively, in each of the respective research objectives, the inclusion of the 

explanatory variables step by step in the conditional variance equation of the EGARCH-M 

model rapidly have improved the fitness of the model (R2) and minimized the Akaike 

Information Criterion. The results support the general approach over the specific approach in 

estimating each of the 10 portfolio returns which is also empirically evident from the 

empirical contribution by Park (2007) and Bauwens, Rime and Sucarrat (2006) respectively.  
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Results of GARCH-M, TGARCH-M and PGARCH-M models 

The general approach of the GARCH-M model of the most risky portfolio returns 10 

and the least risky portfolio returns 1 tend to significantly capture the volatility of the 

respective portfolio returns. The log likelihood function of the most risky portfolio return 1 

decreases from 24137.8 of the specific approach to 13616 of the general approach and the 

AIC minimizes from the value of 14.88 of the specific approach to 8.72 of the general 

approach respectively. Similarly, the log likelihood function of the least risky portfolio 

returns 1 increase from -13789 of the specific model to -13432.5 of the general model and the 

AIC decreases from 8.58 of the specific approach to 8.57 of the general approach 

respectively. Also, the ARCH and GARCH specifications of the return portfolio 1 and the 

return portfolio 10 are found to be significant at 1% respectively. The premium for facing risk 

of the specific approach of the GARCH-M model of the least risky portfolio 10 is 

insignificant but has shown significance level of 10% of the general approach by adding 

volume, economic factors, deterministic dummies and the stochastic dummies in the 

conditional mean and the conditional variance equations in the specific approach of portfolio 

return 10 respectively. Similarly, the premium for facing risk of the specific approach of the 

GARCH-M model of the most risky portfolio 1 is insignificant but has shown significance 

level of 1% of the general approach of portfolio return 1 respectively. The similar results are 

found for almost all of the rest of the high/low beta portfolio returns respectively. 

The PGARCH-M model and the TGARCH-M models are found to be the weak 

asymmetric models that have shown some inconsistency in the parameters of the respective 

information set plugged in the conditional variance of each of the high/low beta portfolios 

returns to capture the leverage effect respectively. The log likelihood function of the most 

risky portfolio returns 1 of the PGARCH-M model in the specific approach increases from -

13961.0 to -13584.4 of the general approach but the AIC criterion in the general approach 
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increases from 8.68 of the specific approach to 8.70 of the general approach which shows that 

the persistence of volatility tend to be over-estimated in the conditional variance equation of 

the respective portfolio return. The premium for facing risk of the general approach of the 

PGARCH-M model of the respective portfolio return is significant at 1% level as well as the 

ARCH terms from the specific to the general approach of the portfolio returns 1 in the 

PGARCH-M model is also significant at 1% respectively. But, the value of asymmetry (ϴ) 

and the GARCH term of the portfolio return 1 from the specific to general approach is less 

than 1 which shows that a weak form of asymmetry exists in the conditional variance of the 

portfolio return 1 when the trading volume, economic variables, the deterministic dummies 

and the stochastic dummies are added in the specific approach of the PGARCH-M model 

respectively.  Similarly, the log likelihood function of the least risky portfolio returns 10 of 

the PGARCH-M model in the specific approach increases from -23183.6 to -13445.8 of the 

general approach but the AIC criterion in the general approach decreases from 14.43 of the 

specific approach to 14.42 when the trading volume is added in the specific approach and 

further decrease to 8.58 when the economic variables are added but further increases to 8.62 

when the deterministic events are added and then further decreases to 8.61 when the 

stochastic shocks are included in the general approach which shows that the persistence of 

volatility tend to be over-estimated or under-estimated in the conditional variance equation of 

the respective portfolio return. The premium for facing risk of the general approach of the 

PGARCH-M model of the respective portfolio return is significant  at 10% level in the 

conditional mean equation as well as the ARCH terms from the specific to the general 

approach of the portfolio returns 1 in the PGARCH-M model is significant at 1% 

respectively. But, in line with asymmetry results of the return portfolio 1, the value of 

asymmetry (ϴ) and the GARCH term of the portfolio return 10 from the specific to general 

approach is less than 1 which shows that a weak form of asymmetry exists in the conditional 

variance of the portfolio return 10 when the trading volume, economic variables, the 
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deterministic dummies and the stochastic dummies are added in the specific approach of the 

PGARCH-M model respectively. 

The log likelihood function of the most risky portfolio returns 1 of the TGARCH-M 

model in the specific approach increases from -14221.3 to -13580.6 of the general approach 

but the AIC criterion in the general approach decreases from 8.76 of the specific approach to 

8.68 when the trading volume is added in the specific approach but further increase to 8.69 

when the economic variables are added and further decreases to 8.68 when the deterministic 

events are added but then further increases to 8.70 when the stochastic shocks are included in 

the general approach which shows that the persistence of volatility tend to be over-estimated 

or under-estimated in the conditional variance equation of the respective portfolio return. The 

premium for facing risk of the general approach of the TGARCH-M model of the respective 

portfolio return is significant  at 1% level in the conditional mean equation as well as the 

ARCH terms from the specific to the general approach of the portfolio returns 1 in the 

TGARCH-M model is significant at 1% respectively. But, in line with the asymmetry results 

of the PGARCH-M model, the value of asymmetry (ϴ) and the GARCH term of the portfolio 

return 1 from the specific to general approach is less than 1 which shows that a weak form of 

asymmetry exists in the conditional variance of the portfolio return 1 respectively.  Similarly, 

the log likelihood function of the least risky portfolio returns 10 of the TGARCH-M model in 

the specific approach increases from -13596 to -13424.5 of the general approach but the AIC 

criterion in the general approach increases from 8.62 of the specific approach to 8.66 when 

the trading volume is added in the specific approach but further decrease to 8.60 when the 

economic variables are added and further decreases to 8.59 when the deterministic events are 

added but then further increases to 8.60 when the stochastic shocks are included in the 

general approach which shows that the persistence of volatility tend to be over-estimated or 

under-estimated in the conditional variance equation of the respective portfolio return. The 
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premium for facing risk of the general approach of the TGARCH-M model of the respective 

portfolio return is insignificant. The ARCH terms from the specific to the general approach of 

the portfolio returns 10 in the TGARCH-M model is significant at 1% respectively but the 

value of asymmetry (ϴ) and the GARCH term of the portfolio return 10 from the specific to 

general approach is less than 1 which shows that a weak form of asymmetry exists in the 

conditional variance of the portfolio return 10 respectively. The empirical results of the rest 

of the high/low beta portfolio returns have shown almost the similar results explained above. 

Empirical Results of the In-Sample and Out-Sample Forecasting Performance of 

High/low Beta Portfolio Returns Volatilities. To model and evaluate the in-sample fit and 

the out-sample fit forecasting performances of the high/low beta portfolio returns volatilities, 

the sample data in the present study has been split into two parts i.e. the in-sample fit and the 

out-sample fit of the ten high/low beta portfolio returns volatilities. For the in-sample fit 

forecasting performance, 10 years sample period is selected i.e. from July 1998 to June 2009 

and the out-sample fit forecasting performance 2 years of the sample period July 2009 to June 

2011 is taken. The evaluation of the in-sample fit and the out-sample fit forecasting 

performances is done through the forecasting measures of the root mean square error 

statistics, the mean absolute error statistics and its bias proportions , the mean absolute 

percentage error and the Theil inequality error statistics respectively. The empirical results 

are reported from table 13 to table 17 respectively. 

Results of the in-sample fit and out-sample fit forecasting performances of the 

high-beta portfolios. Starting with the empirical results ofthe most risky portfolio returns 1, 

the value of the root mean square error of the in-sample forecasting performance based on the 

specific approach of the portfolio returns turns out to be 22.52. It further increases to 26.99 

when the trading volume, the economic variables, the deterministic events and the stochastic 

change points are added into the specific approach of the EGARCH-M model respectively. 



ANALYSIS OF VOLATILITY OF PORTFOLIO RETURNS: EVIDENCE FROM PAKISTANI STOCK MARKET             130 
 

  

The value of the mean absolute error of the in-sample forecasting performance reduces from 

14.91 to 14.32 from the specific to general approach but the mean absolute percentage error 

increases from 119.24 to 209.91 from the specific to general approach respectively. The 

values of the Theil inequality of the specific approach to the general approach tends to be 

near to 1 that indicates the poor fit of the in-sample forecasting performance of the portfolio 

returns 1. The forecasting measures of the mean absolute error show the significant in-sample 

fit forecasting performance of the portfolio returns 1 with the total value of the bias 

proportion, the variance proportion and the covariance proportion equal to 1. On the other 

hand, the value of the root mean square error of the out-sample forecasting performance 

based on the specific approach of the portfolio returns turns out to be 28.38 that further 

increases to 30.08 when the trading volume, the economic variables, the deterministic events 

and the stochastic change points are added into the specific approach of the EGARCH-M 

model respectively. Similarly, the mean absolute error increases from 17.82 to 18.63 from the 

specific to general approach and the mean absolute percentage error of the out-sample fit 

forecasting performance reduces from 169.58 to 164.23 from the specific to general approach 

respectively. The values of the Theil inequality of the specific approach to the general 

approach tends to be near to 1 that indicates the poor fit of the out-sample fit forecasting 

performance of the portfolio returns 1. The forecasting measures of the mean absolute error 

show the significant out-sample fit forecasting performance of the portfolio returns 1 with the 

total value of the bias proportion, the variance proportion and the covariance proportion equal 

to 1. 

Next illustrating the results of the risky portfolio returns 2, the value of the root mean 

square error of the in-sample forecasting performance based on the specific approach of the 

portfolio returns turns out to be 21.03 that further increases to 27.37 when the trading 

volume, the economic variables, the deterministic events and the stochastic change points are 
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added into the specific approach of the EGARCH-M model respectively. The value of the 

mean absolute error of the in-sample forecasting performance reduces from 13.24 to 13.19 

from the specific to general approach but the mean absolute percentage error increases from 

148.1 to 211.11 from the specific to general approach respectively. The values of the Theil 

inequality of the specific approach to the general approach tends to near to 1 that indicates the 

poor fit of the in-sample forecasting performance of the portfolio returns 2. The forecasting 

measures of the mean absolute error show the significant in-sample fit forecasting 

performance of the portfolio returns 2 with the total value of the bias proportion, the variance 

proportion and the covariance proportion equal to 1. On the other hand, the value of the root 

mean square error of the out-sample forecasting performance based on the specific approach 

of the portfolio returns 2 turns out to be 27.01 that further decreases to 26.85 when the 

trading volume, the economic variables, the deterministic events and the stochastic change 

points are added into the specific approach of the EGARCH-M model respectively. The value 

of the mean absolute error decreases from 13.97 to 13.82 from the specific to general 

approach but the mean absolute percentage error of the out-sample fit forecasting 

performance increases from 116.83 to 137.44 from the specific to general approach 

respectively. The values of the Theil inequality of the specific approach to the general 

approach tends to near to 1 that indicates the poor fit of the out-sample fit forecasting 

performance of the portfolio returns 2. The forecasting measures of the mean absolute error 

show the significant out-sample fit forecasting performance of the portfolio returns 2 with the 

total value of the bias proportion, the variance proportion and the covariance proportion equal 

to 1. 

Elaborating the results of the risky portfolio returns 3, the value of the root mean 

square error of the in-sample forecasting performance based on the specific approach of the 

portfolio returns 3 turns out to be 19.42 that further increases to 19.23 when the trading 
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volume, the economic variables, the deterministic events and the stochastic change points are 

added into the specific approach of the EGARCH-M model respectively. The value of the 

mean absolute error of the in-sample forecasting performance reduces from 13.71 to 13.45 

from the specific to general approach but the mean absolute percentage error increases from 

164.19 to 219.77 from the specific to general approach respectively. The values of the Theil 

inequality of the specific approach to the general approach tends to be near to 1 that indicates 

the poor fit of the in-sample forecasting performance of the portfolio returns 3. The 

forecasting measures of the mean absolute error show the significant in-sample fit forecasting 

performance of the portfolio returns 3 with the total value of the bias proportion, the variance 

proportion and the covariance proportion equal to 1. On the other hand, the value of the root 

mean square error of the out-sample forecasting performance based on the specific approach 

of the portfolio returns 3 turns out to be 19.91 that further decreases to 19.65 when the 

trading volume, the economic variables, the deterministic events and the stochastic change 

points are added into the specific approach of the EGARCH-M model respectively. The value 

of the mean absolute error decreases from 14.22 to 14.00 from the specific to general 

approach and the mean absolute percentage error of the out-sample fit forecasting 

performance decreases from 209.52 to 130.40 from the specific to general approach 

respectively. The values of the Theil inequality of the specific approach to the general 

approach tends to be near to 1 that indicates the poor fit of the out-sample fit forecasting 

performance of the portfolio returns 3. The forecasting measures of the mean absolute error 

show the significant out-sample fit forecasting performance of the portfolio returns 3 with the 

total value of the bias proportion, the variance proportion and the covariance proportion equal 

to 1. 

Next elaborating the results of the risky portfolio returns 4, the value of the root mean 

square error of the in-sample forecasting performance based on the specific approach of the 
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portfolio returns 4 turns out to be 18.98 that further increases to 19.72 when the trading 

volume, the economic variables, the deterministic events and the stochastic change points are 

added into the specific approach of the EGARCH-M model respectively. The value of the 

mean absolute error of the in-sample forecasting performance reduces from 13.67 to 13.63 

from the specific to general approach but the mean absolute percentage error increases from 

122.00 to 194.04 from the specific to general approach respectively. The values of the Theil 

inequality of the specific approach to the general approach tends to be near to 1 that indicates 

the poor fit of the in-sample forecasting performance of the portfolio returns 4. The 

forecasting measures of the mean absolute error show the significant in-sample fit forecasting 

performance of the portfolio returns 4 with the total value of the bias proportion, the variance 

proportion and the covariance proportion equal to 1. On the other hand, the value of the root 

mean square error of the out-sample forecasting performance based on the specific approach 

of the portfolio returns 4 turns out to be 15.61 that further decreases to 15.39 when the 

trading volume, the economic variables, the deterministic events and the stochastic change 

points are added into the specific approach of the EGARCH-M model respectively. The value 

of the mean absolute error decreases from 10.69 to 10.53 from the specific to general 

approach and the mean absolute percentage error of the out-sample fit forecasting 

performance decreases from 108.80 to 117.01 from the specific to general approach 

respectively. The values of the Theil inequality of the specific approach to the general 

approach tends to be near to 1 that indicates the poor fit of the out-sample fit forecasting 

performance of the portfolio returns 4. The forecasting measures of the mean absolute error 

show the significant out-sample fit forecasting performance of the portfolio returns 4 with the 

total value of the bias proportion, the variance proportion and the covariance proportion equal 

to 1. 
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Lastly, elaborating the results ofthe portfolio returns 5 in the high-beta portfolio 

returns continuum, the value of the root mean square error of the in-sample forecasting 

performance based on the specific approach of the portfolio returns 5 turns out to be 13.37 

that further increases to 13.69 when the trading volume, the economic variables, the 

deterministic events and the stochastic change points are added into the specific approach of 

the EGARCH-M model respectively. The value of the mean absolute error of the in-sample 

forecasting performance increases from 9.50 to 9.72 from the specific to general approach 

and the mean absolute percentage error increases from 149.95 to 226.59 from the specific to 

general approach respectively. The values of the Theil inequality of the specific approach to 

the general approach tends to be near to 1 that indicates the poor fit of the in-sample 

forecasting performance of the portfolio returns 5. The forecasting measures of the mean 

absolute error show the significant in-sample fit forecasting performance of the portfolio 

returns 5 with the total value of the bias proportion, the variance proportion and the 

covariance proportion equal to 1. On the other hand, the value of the root mean square error 

of the out-sample forecasting performance based on the specific approach of the portfolio 

returns 5 turns out to be 11.81 that further decreases to 11.58 when the trading volume, the 

economic variables, the deterministic events and the stochastic change points are added into 

the specific approach of the EGARCH-M model respectively. The value of the mean absolute 

error decreases from 8.31 to 8.13 from the specific to general approach and the mean absolute 

percentage error of the out-sample fit forecasting performance decreases from 120.55 to 

119.49 from the specific to general approach respectively. The values of the Theil inequality 

of the specific approach to the general approach tends to be near to 1 that indicates the poor 

fit of the out-sample fit forecasting performance of the portfolio returns 5. The forecasting 

measures of the mean absolute error show the significant out-sample fit forecasting 

performance of the portfolio returns 5 with the total value of the bias proportion, the variance 

proportion and the covariance proportion equal to 1. 
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Results of the in-sample fit and out-sample fit forecasting performances of the low-

beta portfolios. Illustrating the empirical results of the least risky portfolio returns 10, the 

value of the root mean square error of the in-sample forecasting performance based on the 

specific approach of the portfolio returns turns out to be 21.10 that further decreases to 20.28 

when the trading volume, the economic variables, the deterministic events and the stochastic 

change points are added into the specific approach of the EGARCH-M model respectively. 

Similarly, the mean absolute error and the mean absolute percentage error of the in-sample 

forecasting performance reduces from 13.90 to 13.04 from the specific to general approach 

and from 7514.22 to 142.69 from the specific to general approach respectively. The values of 

the Theil inequality of the specific approach to the general approach tends to be near to 1 that 

indicates the poor fit of the in-sample forecasting performance of the portfolio returns 10. 

The forecasting measures of the mean absolute error show the significant in-sample fit 

forecasting performance of the portfolio returns 10 with the total value of the bias proportion, 

the variance proportion and the covariance proportion equal to 1. On the other hand, the value 

of the root mean square error of the out-sample forecasting performance based on the specific 

approach of the portfolio returns turns out to be 23.58 that further decreases to 23.24 when 

the trading volume, the economic variables, the deterministic events and the stochastic 

change points are added into the specific approach of the EGARCH-M model respectively. 

Similarly, the mean absolute error and the mean absolute percentage error of the out-sample 

forecasting performance reduces from 16.71 to 16.63 from the specific to general approach 

and from 34312.72to 24403.41from the specific to general approach respectively. The values 

of the Theil inequality of the specific approach to the general approach tends to near to 1 that 

indicates the poor fit of the out-sample forecasting performance of the portfolio returns 10. 

The forecasting measures of the mean absolute error show the significant out-sample fit 

forecasting performance of the portfolio returns 10 with the total value of the bias proportion, 

the variance proportion and the covariance proportion equal to 1. The value of the root mean 
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square error of the in-sample forecasting performance of the portfolio returns 9 based on the 

specific approach of the portfolio returns turns out to be 18.45 that further decreases to 17.71 

when the trading volume, the economic variables, the deterministic events and the stochastic 

change points are added into the specific approach of the EGARCH-M model respectively. 

Similarly, the mean absolute error of the in-sample forecasting performance reduces from 

13.04 to 12.35 from the specific to general approach but the mean absolute percentage error 

increases from 196.10 to 250.41 from the specific to general approach respectively. The 

values of the Theil inequality of the specific approach to the general approach tends to be 

near to 1 that indicates the poor fit of the in-sample forecasting performance of the portfolio 

returns 9. The forecasting measures of the mean absolute error show the significant in-sample 

fit forecasting performance of the portfolio returns 9 with the total value of the bias 

proportion, the variance proportion and the covariance proportion equal to 1. On the other 

hand, the value of the root mean square error of the out-sample forecasting performance 

based on the specific approach of the portfolio returns 9 turns out to be 20.71 that further 

decreases to 20.37 when the trading volume, the economic variables, the deterministic events 

and the stochastic change points are added into the specific approach of the EGARCH-M 

model respectively. Similarly, the mean absolute error of the out-sample forecasting 

performance reduces from 15.13 to 14.86 from the specific to general approach but the mean 

absolute percentage error increases from 150.21 to 154.23 from the specific to general 

approach respectively. The values of the Theil inequality of the specific approach to the 

general approach tends to be near to 1 that indicates the poor fit of the out-sample forecasting 

performance of the portfolio returns 9. The forecasting measures of the mean absolute error 

show the significant out-sample fit forecasting performance of the portfolio returns 9 with the 

total value of the bias proportion, the variance proportion and the covariance proportion equal 

to 1. 
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In the further analysis of the forecasting performance of the low-beta portfolio 

returns, the value of the root mean square error of the in-sample forecasting performance of 

the portfolio returns 8 based on the specific approach of the portfolio returns turns out to be 

19.38 that further decreases to 17.94 when the trading volume, the economic variables, the 

deterministic events and the stochastic change points are added into the specific approach of 

the EGARCH-M model respectively. Similarly, the mean absolute error of the in-sample 

forecasting performance reduces from 12.54 to 12.07 from the specific to general approach 

but the mean absolute percentage error increases from 131.29 to 158.67 from the specific to 

general approach respectively. The values of the Theil inequality of the specific approach to 

the general approach tends to be near to 1 that indicates the poor fit of the in-sample 

forecasting performance of the portfolio returns 8. The forecasting measures of the mean 

absolute error show the significant in-sample fit forecasting performance of the portfolio 

returns 8 with the total value of the bias proportion, the variance proportion and the 

covariance proportion equal to 1. On the other hand, the value of the root mean square error 

of the out-sample forecasting performance based on the specific approach of the portfolio 

returns 8 turns out to be 23.77 that further decreases to 23.50 when the trading volume, the 

economic variables, the deterministic events and the stochastic change points are added into 

the specific approach of the EGARCH-M model respectively. Similarly, the mean absolute 

error of the out-sample forecasting performance reduces from 14.15 to 13.98 from the 

specific to general approach and the mean absolute percentage error decreases from 139.85 to 

135.73 from the specific to general approach respectively. The values of the Theil inequality 

of the specific approach to the general approach tends to be near to 1 that indicates the poor 

fit of the out-sample forecasting performance of the portfolio returns 8. The forecasting 

measures of the mean absolute error show the significant out-sample fit forecasting 

performance of the portfolio returns 8 with the total value of the bias proportion, the variance 

proportion and the covariance proportion equal to 1. 



ANALYSIS OF VOLATILITY OF PORTFOLIO RETURNS: EVIDENCE FROM PAKISTANI STOCK MARKET             138 
 

  

Further illustrating the results of the portfolio returns 7, the value of the root mean 

square error of the in-sample forecasting performance of the portfolio returns 7 based on the 

specific approach of the portfolio returns turns out to be 20.00 that further decreases to 18.92 

when the trading volume, the economic variables, the deterministic events and the stochastic 

change points are added into the specific approach of the EGARCH-M model respectively. 

Similarly, the mean absolute error of the in-sample forecasting performance reduces from 

13.56 to 13.09 from the specific to general approach but the mean absolute percentage error 

increases from 134.14 to 250.13 from the specific to general approach respectively. The 

values of the Theil inequality of the specific approach to the general approach tends to be 

near to 1 that indicates the poor fit of the in-sample forecasting performance of the portfolio 

returns 7. The forecasting measures of the mean absolute error show the significant in-sample 

fit forecasting performance of the portfolio returns 7 with the total value of the bias 

proportion, the variance proportion and the covariance proportion equal to 1. On the other 

hand, the value of the root mean square error of the out-sample forecasting performance 

based on the specific approach of the portfolio returns 7 turns out to be 23.26 that further 

decreases to 22.61 when the trading volume, the economic variables, the deterministic events 

and the stochastic change points are added into the specific approach of the EGARCH-M 

model respectively. Similarly, the mean absolute error of the out-sample forecasting 

performance reduces from 14.65 to 14.46 from the specific to general approach but the mean 

absolute percentage error increases from 112.40 to 130.81 from the specific to general 

approach respectively. The values of the Theil inequality of the specific approach to the 

general approach tends to be near to 1 that indicates the poor fit of the out-sample forecasting 

performance of the portfolio returns 7. The forecasting measures of the mean absolute error 

show the significant out-sample fit forecasting performance of the portfolio returns 7 with the 

total value of the bias proportion, the variance proportion and the covariance proportion equal 
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to 1. The in-sample fit and the out-sample fit forecasting performance measures of the 

portfolio returns 6 have indicated the similar results as of the portfolio returns 7 respectively. 

The findings of the in-sample fit and the out-sample fit forecasting performances of 

the high/low beta portfolio returns volatilities show that the root mean square error and the 

mean absolute error and its bias proportions are the efficient forecasting error measures to 

model and evaluate the in-sample fit and the out-sample fit forecasting performances of the 

low-beta portfolio returns respectively. The findings of the in-sample fit and the out-sample 

fit forecasting performances of high-beta portfolio returns have shown the mixed results.  The 

Theil inequality error statistic of the in-sample fit and the out-sample fit forecasting 

performances of both of the high-beta portfolio returns volatilities as well as the low-beta 

portfolio returns volatilities have shown the poor fit forecasting performances respectively.  

In a nutshell, the findings of the low-beta portfolio returns indicate the significant in-

sample and out-sample forecasting performances of the general approach of the EGARCH-M 

model and indicate the long-run predictive power than that of the high beta portfolio returns 

volatilities respectively.  In contrary, the high-beta portfolios returns volatilities tend not to 

indicate the significant in-sample fit and the out-sample fit forecasting performances 

respectively. Hence, it could be suggested that the high-beta portfolio returns volatilities tend 

to be more volatile and entail the tendency to create inertia and quickly respond to any 

surprises/shocks that may encounter them and may not pose the accurate forecast ability of 

the portfolio returns volatilities which is also empirically evident from the work of Fama and 

French (1988a) respectively.   

Empirical results of volatility spillover. This section explains the empirical results 

of volatility spillover between the most risky portfolio returns 1 and the least risky portfolio 

returns 10. The volatility spillover results between the high/low risky portfolio returns and the 
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economic factors are presented for the time period of July 1998 to June 2011 of the daily 

frequency data. The results are reported in tables 18 to tables 28. 

Based on the empirical analyses of the portfolio return volatilities discussed below, 

the EGARCH-M model is found to be the best asymmetric model to analyze the portfolio 

returns volatilities as well as the general approach to be superior over the specific approach to 

analyze the high/low beta portfolio returns volatilities. Therefore, to study the volatility 

spillover effect, the EGARCH-M model is employed to examine the general approach28 of 

the most risky portfolio returns and the least risky portfolio returns respectively. 

Empirical results of the volatility spillover between the highest beta portfolio 

returns and the lowest beta portfolio returns. The results of the autoregressive term of the 

previous portfolio return 1 and the return spillover value of the previous return portfolio 1 on 

the previous portfolio return 10 in the conditional mean equation turn out to be significant 

with the coefficient values of -0.01 and -0.001 respectively. Whereas, the results of the 

autoregressive term of the previous portfolio return 10 and the return spillover value of the 

previous return portfolio 10 on the previous portfolio return 1 in the conditional mean 

equation turns out to be insignificant with the coefficient values of -0.03 and -0.021 

respectively. These results tend to show the negative co-relationship between the highest beta 

portfolio returns and the lowest beta portfolio returns which suggests the highest-to-lowest 

beta portfolios tend not to rely on the past set of information flow or the historical prices to 

set any trading strategies in the current period(t).   

Referring to the results of the conditional variance equation, the results of the ARCH 

term, the asymmetry, the GARCH term and the volatility spillover from the previous 

                                                           
28 The statistical values of the variables completing the general approach of the highest-lowest beta portfolio 
returns volatilities are given in appendix F-1 to F-10. However, the conditional mean equation comprising of 
the autoregressive term and the return spillover are given within the text. Similarly, the conditional variance 
equation comprising of the ARCH term, asymmetry, GARCH term and the volatility spillover results of the 
highest-lowest beta portfolio returns volatilities and the economic variables are given within the text. 
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portfolio return 1 to the previous portfolio 10 show the significant coefficient values of 0.30, 

-0.05, 0.37 and 0.00 respectively. In line with the work of Alsubaie and Najand (2008), there 

is a significant asymmetric volatility spillover effect from the previous highest beta portfolio 

return 1 to the previous lowest beta portfolio in the Pakistani market respectively. Similarly, 

the results of the ARCH term, the asymmetry, the GARCH term and the volatility spillover 

from the previous portfolio return 10 to the previous portfolio 1 show the significant 

coefficient values of 0.27, -0.03, 0.78 and 0.002 respectively. The result of asymmetry from 

the previous return portfolio 10 to the previous return portfolio 1 is insignificant which shows 

that the most risky portfolio returns are not influenced by any shock/surprises faced by the 

least risky portfolio returns whereas the least risky portfolio returns are strongly influenced 

by the shocks/surprises faced by the most risky portfolio returns respectively. Therefore, it 

could be suggested that the volatility of the low-beta portfolios can be forecasted by 

observing the volatility of the previous highest beta portfolio returns but the previous lowest 

beta portfolio returns volatility is not the strong predictor for the lagged highest beta portfolio 

returns volatility respectively. The results are reported in the table 18 

Empirical results of volatility spillover between the highest portfolio returns and the 

economic variables. This section explains the volatility spillover between the previous most 

risky portfolio returns 1 and the previous foreign exchange return, the previous foreign 

exchange reserve return, the previous gold return and the previous oil return by using the 

univariate EGARCH-M model respectively. The results are reported in tables 18 to 28 

respectively.  

Starting with the results of the autoregressive term of the previous portfolio return 1 

and the return spillover value of the previous return portfolio 1 on the previous market return 

in the conditional mean equation turn out to be insignificant with the coefficient values of -

0.01 and -8.41 respectively. Whereas, the results of the autoregressive term of the previous 
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market return on the portfolio return 1 and the return spillover value of the previous market 

return on the previous portfolio returns 1 in the conditional mean equation show the 

coefficient values of -0.09 and -0.07 respectively. The return spillover from the previous 

market return to the previous portfolio return 1 turns out to be insignificant whereas the 

autoregressive term is significant with the p value of 0.00 respectively. 

Referring to the results of the conditional variance equation, the results of the ARCH 

term, the asymmetry, the GARCH term and the volatility spillover from the previous 

portfolio return 1 to the previous market return show the coefficient values of 0.37, -0.049, 

0.30 and -1.21 respectively. The asymmetry and the volatility spillover from the previous 

portfolio return 1 to the previous market return tends to be insignificant. Similarly, the results 

of the ARCH term, the asymmetry, the GARCH term and the volatility spillover from the 

previous market return to the previous portfolio 1 show the significant coefficient values of 

0.45, -0.16, 0.34 and 0.001 respectively. The results indicate no volatility spillover effect 

between the previous most risky portfolio return 1 and the previous market return because 

The results of the autoregressive term of the previous most risky portfolio return 1 and 

the return spillover value of the previous return portfolio 1 on the previous foreign exchange  

return in the conditional mean equation turn out to be insignificant with the coefficient values 

of -0.01 and -23.15 respectively. The autoregressive term and return spillover from the 

previous most risky portfolio returns to the previous foreign exchange returns turns out to be 

insignificant. Whereas, the results of the autoregressive term of the previous foreign 

exchange return on the portfolio return 1 and the return spillover value of the previous 

foreign exchange return on the previous portfolio returns 1 in the conditional mean equation 

show the significant coefficient values of 0.99 and 0.00 respectively. 



ANALYSIS OF VOLATILITY OF PORTFOLIO RETURNS: EVIDENCE FROM PAKISTANI STOCK MARKET             143 
 

  

Referring to the results of the conditional variance equation, the results of the ARCH 

term, the asymmetry, the GARCH term from the previous portfolio return 1 to the previous 

foreign exchange return show the significant coefficient values of 0.34, -0.06, 0.54 and the 

insignificant coefficient values of -1.61 of the volatility spillover effect from the previous 

portfolio return 1 to the previous foreign exchange return respectively. Similarly, the results 

of the ARCH term, the asymmetry, the GARCH term and the volatility spillover from the 

previous market return to the previous portfolio 1 show the significant coefficient values of -

0.001, .003, -0.008 and -0.001 respectively thereby indicating the significant negative 

volatility spillover effect from the foreign exchange return to the most risky portfolio returns 

respectively. The results imply that any effect of depreciation in the home currency i.e. Pak-

Rupee depreciation has a downward effect on the stock prices. As the depreciated home 

currency has a bearish impact on the stock market this leads to inflation and eventually there 

is more outflow of the money than the inflow of money within the country respectively Yang 

and Doong (2004). In the long run, the inflationary pressures thereafter provide room for the 

foreign investors to invest their money in the stocks where they may have a chance to earn 

more return in the stable currency. 

The results of the autoregressive term of the previous most risky portfolio return 1 and 

the return spillover value of the previous return portfolio 1 on the previous foreign exchange  

reserve return in the conditional mean equation turns out to be insignificant with the 

coefficient values of -0.01 and -2.37 respectively. Whereas, the results of the autoregressive 

term of the previous foreign exchange reserve market return on the previous portfolio returns 

1 and the return spillover value of the previous foreign exchange reserve return on the 

previous portfolio returns 1 in the conditional mean equation show the coefficient values of 

0.99 and -0.003 where the return spillover turns out to be insignificant respectively. 
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Referring to the results of the conditional variance equation, the results of the ARCH 

term and the GARCH term from the previous portfolio return 1 to the previous foreign 

exchange return show the significant coefficient values of 0.37 and 0.34 and the insignificant 

coefficient values of -0.04 and -0.85 of the asymmetry and the volatility spillover effect from 

the previous portfolio return 1 to the previous foreign exchange return respectively. Similarly, 

the results of the ARCH term, the asymmetry, and the GARCH term from the previous 

foreign exchange reserve return to the previous portfolio returns 1 show the significant 

coefficient values of 0.94, 0.07, 0.66 respectively. The volatility spillover effect from the 

previous foreign exchange reserve return is insignificant with the coefficient value of 0.001. 

The results indicate that the most risky portfolio returns have significant asymmetric 

relationship with the foreign exchange reserve return but the two variables do not have any 

volatility spillover effect on one another respectively. The results imply that as the investors’ 

wealth maximization is dependent on of the portfolio returns therefore a minor decline in the 

portfolio returns affects their local wealth that eventually negatively affects the home country 

interest rates and the local currency demand respectively. 

The results of the autoregressive term of the previous most risky portfolio return 1 and 

the return spillover value of the previous return portfolio 1 on the previous oil return in the 

conditional mean equation turns out to be insignificant with the coefficient values of -0.01 

and 0.26 respectively. Whereas, the results of the autoregressive term of the previous oil 

return on the and the return spillover value of the previous oil return on the previous portfolio 

returns 1 in the conditional mean equation show the coefficient values of 0.99 and -0.001 

where the return spillover turns out to be insignificant respectively. 

Referring to the results of the conditional variance equation, the results of the ARCH 

term, the asymmetry, the GARCH term and the volatility spillover effect from the previous 

portfolio return 1 to the previous oil return show the significant coefficient values of 0.31, -
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0.06, 0.39 and -0.52 respectively. Similarly, the results of the ARCH term, the asymmetry, 

the GARCH term and the volatility spillover effect from the previous oil return to the 

previous portfolio returns 1 show the significant coefficient values of 0.04,-0.009, -0.01 and -

0.009 respectively.  The results are in line with the work of Alsubaie and Najand (2008) 

where the stock market movements are positively affected by any increase and decrease in 

the international oil prices respectively and the most risky portfolio returns tend to respond 

quickly to the shocks that may occur in the stock market or the overall economy respectively. 

The results of the autoregressive term of the previous most risky portfolio return 1 is 

significant with the coefficient value of -0.03 and the return spillover value of the previous 

return portfolio 1 on the previous gold return in the conditional mean equation turns out to be 

insignificant with the coefficient values of -0.99 respectively. Whereas, the results of the 

autoregressive term of the previous most risky portfolio return 1 is significant with the 

coefficient value of 0.99 and the return spillover value of the previous return portfolio 1 on 

the previous gold return in the conditional mean equation turns out to be insignificant with 

the coefficient values of 0.006 respectively. 

Referring to the results of the conditional variance equation, the results of the ARCH 

term, the GARCH term and the volatility spillover effect from the previous portfolio return 1 

to the previous gold return show the significant coefficient values of 0.12, 0.95 and -0.04 

respectively but the asymmetry turns out to be insignificant with the value of -0.01 

respectively.   Similarly, the results of the ARCH term, the asymmetry and the GARCH term 

from the previous gold return to the previous portfolio returns 1 show the significant 

coefficient values of 0.01,0.09, 0.06 respectively. The volatility spillover effect from the gold 

return to the previous most risky portfolio returns is insignificant with the coefficient value of 

-0.001 respectively. The results imply that the most risky portfolio returns are influenced to 

any shocks/surprises that may occur in the gold market and that the portfolio returns are 
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dependent on the gold market but the gold market is not dependent on the most risky 

portfolio returns respectively. 

Empirical Results of Volatility Spillover between the Lowest Portfolio Returns and 

the Economic Variables. This section explains the volatility spillover between the previous 

least risky portfolio returns 10 and the previous foreign exchange return, the previous foreign 

exchange reserve return, the previous gold return and the previous oil return by using the 

univariate EGARCH-M model respectively. The results are reported in tables 18 to 28 

Starting with the results of the autoregressive term of the previous portfolio return 10 

and the return spillover value of the previous return portfolio 10 on the previous market 

return in the conditional mean equation turn out to be significant with the coefficient values 

of -0.03 and -12.25 respectively. Whereas, the results of the autoregressive term of the 

previous market return on the portfolio return 10 and the return spillover value of the 

previous market return on the previous portfolio returns 10 in the conditional mean equation 

show the insignificant coefficient values of -0.01 and -0.01 respectively. 

Referring to the results of the conditional variance equation, the results of the ARCH 

term, the GARCH term and the volatility spillover from the previous portfolio return 10 to 

the previous market return 0.15, 0.93 and 1.55 respectively. The asymmetry term is 

insignificant with the coefficient value of 0.005 respectively. Similarly, the results of the 

ARCH term and the GARCH term from the previous market return to the previous portfolio 

10 show the significant coefficient values of 0.11 and 0.04 respectively. The asymmetry and 

the volatility spillover effect from the previous market return to the least risky portfolio 

returns 10 is insignificant with coefficient values of-0.001 and 0.005 respectively.  

The results of the autoregressive term of the previous least risky portfolio return 10 is 

significant with the coefficient values of -0.03 on the previous foreign exchange return and 
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the return spillover value of the previous return portfolio 10 on the previous foreign exchange 

return in the conditional mean equation turn out to be significant with the coefficient values 

of -1.17 respectively. Whereas, the results of the autoregressive term of the previous foreign 

exchange return on the portfolio return 10 is significant with the coefficient values of 0.99 

and the return spillover value of the previous foreign exchange return on the previous 

portfolio returns 10 in the conditional mean equation show the insignificant coefficient values 

of 0.006 respectively.  

Referring to the results of the conditional variance equation, the results of the ARCH 

term, the GARCH term and the volatility spillover effect from the previous portfolio return 

10 to the previous foreign exchange return show the significant coefficient values of 0.29, 

0.80, -0.69 and the insignificant coefficient values of -0.02 of the asymmetry from the 

previous portfolio return 1 to the previous foreign exchange return respectively. Similarly, the 

results of the ARCH term, the asymmetry, the GARCH term and the volatility spillover from 

the previous market return to the previous portfolio 10 show the significant coefficient values 

of 1.64, -0.14, 0.84 and 0.005 respectively thereby indicating the significant positive 

volatility spillover effect from the foreign exchange return to the least risky portfolio returns 

respectively. 

The results of the autoregressive term of the previous least risky portfolio return 10 

show significant coefficient values of -0.03 and the insignificant return spillover value of the 

previous portfolio returns 10 on the previous foreign exchange reserve return in the 

conditional mean equation with the coefficient values of 9.06 respectively. Whereas, the 

results of the autoregressive term of the previous foreign exchange reserve market return on 

the previous portfolio returns 1 and the return spillover value of the previous foreign 

exchange reserve return on the previous portfolio returns 1 in the conditional mean equation 

show the significant coefficient values of 0.99 and 0.001respectively. 
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Referring to the results of the conditional variance equation, the results of the ARCH 

term, the GARCH term and the volatility spillover effect from the previous portfolio return 

10 to the previous foreign exchange reserve return show the significant coefficient values of 

0.16, 0.93 and -1.96 respectively and show the insignificant coefficients value of asymmetry 

to be 0.004 respectively. Similarly, the results of the ARCH term, the asymmetry, the 

GARCH term and the volatility spillover effect from the previous foreign exchange reserve 

return to the previous portfolio returns 10 show the significant coefficient values of -0.003, -

0.006, 0.008 and -0.0015 respectively. The results indicate that the least risky portfolio 

returns have significant asymmetric relationship with the foreign exchange reserve return as 

well as the significant volatility spillover effect on one another respectively. 

The results of the autoregressive term of the previous most risky portfolio return 10 

and the return spillover value of the previous return portfolio 10 on the previous oil return in 

the conditional mean equation turns out to be significant with the coefficient values of -0.03 

and -2.93 respectively. Whereas, the results of the autoregressive term of the previous oil 

return on the and the return spillover value of the previous oil return on the previous portfolio 

returns 10 in the conditional mean equation show the coefficient values of 0.99 and -0.004 

where the return spillover turns out to be insignificant respectively.  

Referring to the results of the conditional variance equation, the results of the ARCH 

term, the GARCH term and the volatility spillover effect from the previous portfolio return 1 

to the previous oil return show the significant coefficient values of 0.14, 0.94 and -0.07 

respectively but the asymmetry tends to be insignificant with the coefficient values of 0.01 

respectively. The results of the ARCH term and the GARCH term from the previous oil 

return to the previous portfolio returns 10 show the significant coefficient values of 0.03,and 

0.63 respectively but the asymmetry and the volatility spillover effects turns out to be 

insignificant with the coefficients values of 0.01 and  0.01 respectively.   The results indicate 
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that the low beta portfolio returns tend not to respond quickly to any shocks/surprises that 

may occur in the oil market respectively. 

The results of the autoregressive term of the previous most risky portfolio return 10 is 

significant with the coefficient value of -0.03 and the return spillover value of the previous 

return portfolio 1 on the previous gold return in the conditional mean equation turns out to be 

insignificant with the coefficient values of -1.99 respectively. Whereas, the results of the 

autoregressive term of the previous most risky portfolio return 1 is significant with the 

coefficient value of 0.99 and the return spillover value of the previous return portfolio 10 on 

the previous gold return in the conditional mean equation turns out to be insignificant with 

the coefficient values of -0.003 respectively. 

Referring to the results of the conditional variance equation, the results of the ARCH 

term and the GARCH term from the previous portfolio return 10 to the previous gold return 

show the significant coefficient values of 0.14 and 0.95 respectively but the asymmetry and 

the volatility spillover effect from the previous portfolio return 10 to the previous gold return 

show the insignificant coefficient values turns out to be insignificant with the value of 0.01 

and -0.01 respectively. Similarly, the results of the ARCH term and the GARCH term from 

the previous gold return to the previous portfolio returns 1 show the significant coefficient 

values of 0.14 and 0.60 respectively whereas the asymmetry and the volatility spillover effect 

from the gold return to the previous least risky portfolio returns 10 is insignificant with the 

coefficient value of 0.12 and -0.01 respectively. The results imply that the least risky 

portfolio returns do not quickly respond to any shocks/surprises that may occur in the gold 

market and there exists no volatility spillover between the least risky portfolio returns 10 and 

the gold market respectively.  
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Summary of the Empirical Results 

The present study had made the key attempt to estimate and analyze the portfolio 

returns volatilities sorted on beta risk for the Pakistani market. The beta sorted portfolios are 

of keen interest for the investors as well as for the finance practitioners to take into account 

the financial factors, economic factors, shocks and any discrete shifts in the unconditional 

variance that may create inertia in the stock market and create uncertainty for the investors to 

take rationale investment decisions. The present study has constructed equally weighted 

portfolios sorted on beta of the 100 financial and non-financial companies traded in Karachi 

Stock Exchange of the daily frequency data for the time period of July 1998 to June 2011.  

As explained earlier, the stock returns are time varying in nature and the distribution 

of the time series data tend to possess leptokurtic properties, therefore the autoregressive 

integrated moving average (ARIMA) models are most robust to specify the data generating 

process of portfolio returns and consider the ARCH models to be the superior models in 

capturing the volatility clustering property and the asymmetric behavior of the portfolio 

returns volatility. This study has estimated four of the GARCH-M models named as the 

GARCH-M, EGARCH-M, TGARCH-M and PGARCH-M models to estimate and analyze 

the high/low beta portfolio returns (10 stocks each) volatilities. The Lagrange Multiplier 

(LM) test and the Ljung Q-stat and Ljung Q2-stat employed in the present study confirm for 

the ARCH effects and autocorrelation in the variance of the error terms of the high/low beta 

portfolio returns respectively. The GARCH-in-Mean models are another contribution of this 

study to estimate the compensation for variance risk. As the portfolios are the continuum of 

high to low betas therefore the high beta portfolio investors demand more risk relative to the 

low beta portfolio investors because of the high volatility persistence in the risky assets 

therefore the GARCH-in-Mean models has also examined the premium for facing the 

volatility estimated risk of each of the tem portfolio returns respectively. 
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The voluminous academic literature emphasizes on many potential explanatory 

variables and the news or shocks that rapidly trigger the stock price movements therefore this 

study has used the specific to general approach in all of the four GARCH-M models to test 

for the affect on the portfolios returns volatilities of each of the ten portfolios returns when 

step by step the past portfolio stock returns, the volume portfolio, the economic variables, the 

deterministic events and the stochastic change points are incorporated in the conditional mean 

and the conditional variance of the respective symmetric/asymmetric GARCH-M models.  

Out of the four GARCH-M models, the GARCH-M and the EGARCH-M model have 

indicated the robustness to sufficiently explain the portfolio returns volatilities and further 

find the superior performance of the general approach over the specific approach with 

minimum AIC and higher R2 specification measures of the portfolio returns volatilities 

respectively. Among the four models, the GARCH-M model is one of the suitable symmetric 

model that lacks to capture asymmetry of the portfolio returns volatilities and therefore the 

asymmetry EGARCH-M model out-performs to capture asymmetry in portfolios returns 

volatilities respectively.  

Based on the specific-to-general approach employed in the ARMA (1, 0)-

EGARCH(1,1)-M model, the estimation results of the model have considered the general 

approach superior over the specific approach.  

The findings of the in-sample fit and the out-sample fit forecasting performances of 

the high/low beta portfolio returns volatilities have shown that the root mean square error and 

the mean absolute error and its bias proportions are the efficient forecasting error measures to 

model and evaluate the in-sample fit and the out-sample fit forecasting performances of the 

low-beta portfolio returns respectively. The findings of the in-sample fit and the out-sample 

fit forecasting performances of high-beta portfolio returns have shown the mixed results.  The 

Theil inequality error statistic of the in-sample fit and the out-sample fit forecasting 
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performances of both of the high-beta portfolio returns volatilities as well as the low-beta 

portfolio returns volatilities have shown the poor fit forecasting performances respectively. 

In a nutshell, the findings of the low-beta portfolio returns indicate the significant in-

sample and out-sample forecasting performances of the general approach of the EGARCH-M 

model and indicate the long-run predictive power than that of the high beta portfolio returns 

volatilities respectively.  In contrary, the high-beta portfolios tend not to indicate the 

significant forecasting performances because these portfolios tend to be more volatile and 

entail the tendency to create inertia and quickly respond to any surprises/shocks that may 

encounter them also empirically evident from the work of Fama and French (1988a) 

respectively. 

Lastly, the results of the portfolio returns volatility spillover indicate the significant 

asymmetric volatility spillover effect from the most risky portfolio returns 1 to the least risky 

portfolio returns 10 but find the asymmetric volatility spillover insignificant from the least 

risky portfolio returns 10 to the most risky portfolio returns 1. The volatility spillover from 

the portfolio returns 1 to market return tends to be significant but the asymmetry is found to 

be insignificant whereas the asymmetry from the market return to the portfolio returns is 

significant but the volatility spillover is found to insignificant from the market return to the 

portfolio returns 1. The portfolio returns 1 and the foreign exchange rate of return tend to 

have the significant interdependence on one another. The asymmetric volatility spillover from 

the portfolio returns 1 to the foreign exchange reserve return tend to be insignificant 

respectively. The portfolio returns 1 and the oil return tend to have significant asymmetric 

volatility spillover effect on one another. The volatility spillover from the portfolio returns 1 

to the gold return tend have significant spillover effect but find insignificant asymmetric 

volatility spillover from the gold return to the portfolio returns 1 respectively. 
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The volatility spillover effect from the portfolio returns 10 to the market return is 

significant and the asymmetry is found to be insignificant.  The volatility spillover effect 

from the portfolio returns 10 to the foreign exchange rate of return is significant but 

asymmetry is found to be insignificant whereas the significant asymmetric volatility spillover 

effect is found between the portfolio returns 10 and the foreign exchange rate of return. The 

similar results are found for the volatility spillover between the portfolio returns 10 and the 

foreign exchange reserve return as of the foreign exchange rate of return respectively. The 

volatility spillover effect from the portfolio returns 10 to the oil return is significant but 

asymmetry is found to be insignificant respectively. Lastly, the insignificant asymmetric 

volatility spillover effect is found between the portfolio returns 10 and the gold return 

respectively. 
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Table 3 

 

Empirical Results of Portfolio Returns 1by using EGARCH-M model (Specific to General 

Approach) 

Rows Approaches S1 Vp2 E3 D4 G5 

Mean Equation 

1 Premium 1.45*** 1.47*** 1.5** 1.75** 1.78** 

2 C -1.70** -1.70** -2.50* -2.05* -2.21* 

3 RP1(-1)7 -1.74** -1.62*** -1.94* -1.69*** -1.93* 

4 Vp18      

5 EX9      

6 RM10   2.40* 1.62*** 2.18* 

7 OIL   -2.58* -1.58*** -2.27* 

8 GOLD      

9 FXR11   2.96* 1.87* 2.50* 

10 KT12      

11 TSD13      

12 FC14      

13 CJS15      

14 GE16      

15 GFC17      

16 PMLQ18      

17 TI19      

18 ROM20      

18 HFS21      

20 LMJR22      

21 D1016      

22 D102      

23 D103      

24 D104      

25 D105      

26 D106      

27 D107      

28 D108      

29 D109      

30 D1010      

31 D1011      

32 D1012     1.70** 

Variance Equation 

33 C 1.67** 1.67** 2.37* 2.25* 2.25* 

34 ARCH 8.96* 9.69* 8.92* 9.12* 8.77* 

35 Asymmetry -1.75** -1.75** -1.81* -1.80* -1.96* 

36 GARCH 15.82* 11.96* 62.23* 19.94* 24.21* 

37 Vp1   2.99* 2.60* 2.92* 

38 EX    -1.60***  

(Continued) 
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*, ** and *** indicates 1%, 5% and 10% significance levels of z-statistics.  The symbols stands for (1) S for 

specific,(2) Vp for volume portfolio, (3) E for economic variables, (4) D for deterministic events, (5) G for 

general (6) D101 to D1012 are the change points.  

a.is the probability value of the Ljung-Q statistics at lag 10. 

b. is the probability value of the squared Ljung-Q statistics at lag 10. 

c. is the probability value of the Lagrange Multiplier test at lag 10.  

d. is the wald test, the digits in brackets indicates the change points.  

 

  

Table 3(Continued) 

39 RM   2.70* 2.47* 2.56* 

40 OIL   -2.73* -2.76* 3.14* 

41 GOLD   3.99*  2.23* 

42 FXR   -2.00*   

43 KT    1.82* 1.57*** 

44 TSD      

45 FC    
 

 
3.40* 

46 CJS      

47 GE     1.62*** 

48 GFC      

49 PMLQ    -3.68* -4.26* 

50 TI    2.27* 2.28* 

51 ROM      

52 HFS      

53 LMJR      

54 D1016      

55 D102      

56 D103      

57 D104      

59 D105     2.71* 

60 D106     -3.12* 

61 D107      

62 D108      

63 D109      

64 D1010      

65 D1011      

66 D1012     3.06* 

Specification measures 

67 R2 0.31 0.46 0.66 0.69 0.49 

68 Adj-R2 0.16 0.18 0.77 0.61 0.66 

69 LL -13914.2 -13954.6 -13923.6 -13924.1 -14033.9 

70 AIC 8.69 8.68 8.67 8.76 8.65 

71 LQ(10)a 0.094 0.098 0.001 0.016 0.041 

72 LQ2(10)b 1.000 1.000 0.999 1.000 1.000 

73 LM(1)c 0.95 0.95 0.95 0.95 0.94 

74 Wald test d     0.008(12) 
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Table 4 

 
 

Empirical Results of  Portfolio Returns2 by using EGARCH-M model (Specific to General 

Approach) 

 

Rows Approaches 
S1 Vp2 E3 D4 G5 

Mean Equation 

1 Premium -1.45*** -1.45*** -1.5*** -1.61** -1.61** 

2 C 1.53*** -1.53*** -2.66* -2.66* -2.26* 

3 RP2(-1) 
 

    

4 Vp2 
 

2.05* 1.74**   

5 EX 
  

   

6 RM 
  

   

7 OIL 
  

-2.46* -2.68* -1.67** 

8 GOLD 
  

-1.66** 1.50*** 
 

9 FXR 
  

2.61* 
 

1.74** 

10 KT 
   

2.34* 
 

11 TSD 
   

-3.67*  

12 FC 
    

 

13 CJS 
   

-2.21* -2.27*) 

14 GE 
   

-2.04* 
 

15 GFC 
   

1.56*** 
 

16 PMLQ 
   

1.76** 2.15* 

17 TI 
   

  

18 ROM 
   

  

18 HFS 
   

  

20 LMJR 
     

21 D1026 
    

 

22 D202 
    

 

23 D302 
    

 

24 D402 
    

 

25 D502 
     

Variance Equation 

26 C 2.39* 2.08* 3.21* 3.37* 2.41* 

27 ARCH 9.01* 10.01* 1.01* 8.10* 4.88* 

28 Asymmetry -2.75* -2.75* -3.20* -3.53* -2.37* 

29 GARCH 83.65* 77.82* 43.39* 34.53* 44.43* 

30 Vp2 
  

3.17* 3.15* 2.34* 

31 EX 
  

   

32 RM 
  

  1.93* 

33 OIL 
  

-1.96*  
 

34 GOLD 
  

2.56*   

35 FXR 
  

-2.96* -3.05* -1.79* 

36 KT 
   

  

(Continued) 
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Table 4(Continued) 

37 TSD 
   

  

38 FC 
   

  

39 CJS 
   

  

40 GE 
   

 1.67** 

41 GFC 
   

 
 

42 PMLQ 
   

 
 

43 TI 
   

1.59*** - 

44 ROM 
   

 -2.90* 

45 HFS 
   

 
 

46 LMJR 
    

3.05* 

47 D102 
    

-3.75* 

48 D202 
     

49 D302 
     

50 D402 
    

5.08* 

51 D502 
    

-3.35* 

Specification Measures 

52 R2 0.6 0.25 0.56 0.84 0.86 

53 Adj-R2 0.28 0.25 0.32 0.44 0.70 

54 LL -13434 -13477.9 -13444.5 -13421.8 -13483.4 

55 AIC 8.44 8.44 8.42 8.42 8.41 

57 LQ(10)a 0.041 0.093 0.023 0.174 0.512 

58 LQ2(10)b 0.07 0.071 0.06 0.06 0.06 

60 LM(1)c 0.06 0.06 0.07 0.07 0.07 

61 Wald test d     0.001(5) 

 

*, ** and *** indicates 1%, 5% and 10% significance levels of z-statistics.  The symbol S stands for specific 

approach, Vp for volume portfolio, E for economic variables, D for deterministic events and G stands for the 

general approach, (6) D102 to D502 are the change points. 

a.is the probability value of the Ljung-Q statistics at lag 10. 

b. is the probability value of the squared Ljung-Q statistics at lag 10. 

c. is the probability value of the Lagrange Multiplier test at lag 10.  

d. is the wald test, the digits in brackets indicates the change points. 
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Table 5 

 
 

Empirical Results of  Portfolio Returns 3 by using EGARCH-M model (Specific to General 

Approach) 

Rows Approaches 
S1 Vp2 E3 D4 G5 

Mean Equation 

1 Premium 1.55** 1.55** -2.00* -2.28* -2.28* 

2 C -2.5* -2.79* -3.03* -3.03* -3.55* 

3 RP3(-1) 3.68* 3.14* 2.98* 2.48* 2.06* 

4 Vp3 
 

2.94* 2.13* 
 

 

5 EX 
  

   

6 RM 
  

   

7 OIL 
  

-2.50* -2.33*  

8 GOLD 
   

1.79**  

9 FXR 
  

2.84* 1.50** 
 

10 KT 
    

 

11 TSD 
   

  

12 FC 
    

 

13 CJS 
   

-1.77**  

14 GE 
   

-2.08*  

15 GFC 
   

1.73** 
 

16 PMLQ 
   

  

17 TI 
   

  

18 ROM 
   

  

18 HFS 
   

  

20 LMJR 
   

-1.53**  

21 D1036 
    

 

22 D203 
    

 

23 D303 
    

 

24 D403 
    

 

25 D503 
    

1.79** 

26 D603 
    

 

27 D703 
    

 

28 D803 
    

 

29 D903 
    

-1.63** 

30 D1003 
    

2.15* 

31 D1103 
     

32 D1203 
    

-1.66** 

33 D1303 
    

 

34 D1403 
    

 

       

Variance Equation 

35 C 2.46* 2.46* 1.98* 1.98* 2.00* 

36 ARCH 9.46* 9.33* 8.48* 7.53* 4.30* 

37 Asymmetry -4.58* -4.89* -5.66* -5.76* -5.54* 

38 GARCH 84.95* 87.57* 63.40* 62.69* 25.84* 

39 Vp3 
 

1.93* 2.85* 2.14* 
 

40 EX 
  

-2.32* -1.92* -2.40* 

      (Continued) 
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Table 5 (Continued) 

41 RM 
  

2.23* 1.85* 
 

42 OIL 
  

-2.11* 
  

43 GOLD 
  

3.63* 
  

44 FXR 
  

1.72** -1.66**  

45 KT 
   

  

46 TSD 
   

  

47 FC 
   

  

48 CJS 
   

  

49 GE 
   

1.68**  

50 GFC 
   

  

51 PMLQ 
   

-4.92* -1.75** 

52 TI 
   

2.58* -2.40* 

53 ROM 
   

2.15*  

54 HFS 
    

 

55 LMJR 
   

-1.57**  

56 D103 
    

2.47* 

57 D203 
    

-3.56* 

58 D303 
    

1.78** 

59 D403 
     

60 D503 
    

3.14* 

61 D603 
    

2.04* 

62 D703 
    

-2.56* 

63 D803 
     

64 D903 
    

3.33* 

65 D1003 
    

-3.01* 

66 D1103 
    

2.03* 

67 D1203 
    

2.38* 

68 D1303 
     

69 D1403 
    

6.24* 

70 D1503 
     

Specification measures 

71 R2 0.77 0.94 0.92 0.86 0.82 

72 Adj-R2 0.55 0.66 0.70 0.53 0.58 

73 LL -13490.06 -13593.6 -13569.3 -13543.5 -13600.5 

74 AIC 8.52 8.51 8.50 8.50 8.50 

77 LQ(10)a 0.17 0.29 0.39 0.61 0.63 

78 LQ2(10)b 1.00 1.00 1.00 1.00 0.99 

79 LM(1)c 0.69 0.70 0.75 0.87 0.61 

80 Wald test d     0.001(15) 
 

*, ** and *** indicates 1%, 5% and 10% significance levels of z-statistics.  The symbol S stands for specific 

approach, Vp for volume portfolio, E for economic variables, D for deterministic events and G stands for the 

general approach, (6) D103 to D1503 are the change points.  

a.is the probability value of the Ljung-Q statistics at lag 10. 

b. is the probability value of the squared Ljung-Q statistics at lag 10. 

c. is the probability value of the Lagrange Multiplier test at lag 10.  

d. is the wald test, the digits in brackets indicates the change points. 
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Table 6 

 

 

Empirical Results of Portfolio Returns 4 by using EGARCH-M model (Specific to General Approach) 

Rows Approaches 
S1 Vp2 E3 D4 G5 

Mean Equation 

1 Premium 1.87* 1.96* 1.9* -1.68** 1.98* 

2 C 1.65** 1.65** -2.06* -2.0* -2.05* 

3 RP4(-1) 2.51* 2.51* 2.23* 1.63** 1.51*** 

4 Vp4 
 

    

5 EX 
  

   

6 RM 
  

   

7 OIL 
  

-2.66* -2.72* -2.48* 

8 GOLD 
     

9 FXR 
  

2.39*   

10 KT 
   

1.80* 1.59** 

11 TSD 
   

  

12 FC 
   

  

13 CJS 
   

-2.16* -1.52** 

14 GE 
   

  

15 GFC 
   

  

16 PMLQ 
   

  

17 TI 
    

 

18 ROM 
   

  

18 HFS 
   

  

20 LMJR 
   

 -1.55** 

21 D1046 
    

 

22 D204 
    

 

23 D304 
    

 

24 D404 
    

 

25 D504 
     

26 D604 
     

27 D704 
     

28 D804 
    

 

29 D904 
    

 

30 D1004 
    

1.51** 

31 D1104 
    

 

 Variance Equation 

32 C -7.01* -7.16 2.24* 2.52* 2.52* 

33 ARCH 12.17* 10.72* 9.68* 8.75* 7.62* 

34 Asymmetry -2.28* -3.46* -4.54* -4.83* -4.74* 

35 GARCH 11.46* 76.29* 49.79* 46.95* 29.06* 

36 Vp4 
 

6.84* 6.88* 5.24* 4.02* 

(Continued) 
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Table 6(Continued) 

37 EX 
    

-3.12* 

38 RM 
     

39 OIL 
     

40 GOLD 
  

2.13*   

41 FXR 
  

-2.26* -2.45* 
 

42 KT 
   

 1.56** 

43 TSD 
   

  

44 FC 
   

  

45 CJS 
   

  

46 GE 
   

  

47 GFC 
   

  

48 PMLQ 
   

-3.43* -1.95* 

49 TI 
   

3.43*  

50 ROM 
   

  

51 HFS 
   

  

52 LMJR 
    

 

53 D104 
    

-1.79** 

54 D204 
    

2.61* 

55 D304 
    

2.63* 

56 D404 
    

-3.33* 

57 D504 
    

 

58 D604 
    

2.55* 

59 D704 
     

60 D804 
    

5.20* 

61 D904 
    

 

62 D1004 
    

 

63 D1104     2.72* 

Specification measures 

64 R2 0.44 0.79 0.79 0.71 0.97 

65 Adj-R2 0.17 0.20 0.11 0.56 0.83 

66 LL -13430.5 -13399.2 -13375.9 -13357.6 -13327.7 

67 AIC 8.37 8.35 8.34 8.34 8.34 

68 LQ(10)a 0.06 0.06 0.12 0.37 0.17 

69 LQ2(10)b 0.994 1.000 1.000 0.997 1.000 

70 LM(1)c 0.55 0.83 0.81 0.60 0.80 

71 Wald test d     0.000(11) 
 

*, ** and *** indicates 1%, 5% and 10% significance levels of z-statistics.  The symbol S stands for specific 

approach, Vp for volume portfolio, E for economic variables, D for deterministic events and G stands for the 

general approach, (6) D104 to D1104 are the change points. 

a.is the probability value of the Ljung-Q statistics at lag 10. 

b. is the probability value of the squared Ljung-Q statistics at lag 10. 

c. is the probability value of the Lagrange Multiplier test at lag 10.  

d. is the wald test, the digits in brackets indicates the change points. 
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Table 7 

 

 

 Empirical Results of  Portfolio Returns 5 by using EGARCH-M model (Specific to General 

Approach) 

Row Approaches 
S1 Vp2 E3 D4 G5 

Mean Equation 

1 Premium -1.86* -1.86* -3.16* -2.09* -1.79** 

2 C 2.21* -3.12* -2.61* -2.48* -2.24* 

3 RP5(-1) 5.91* 5.51* 4.73* 4.14* 3.88* 

4 Vp5 
 

3.81* 2.48*   

5 EX 
  

   

6 RM 
  

   

7 OIL 
  

-4.92* -2.44*  

8 GOLD 
  

   

9 FXR 
  

3.02* 2.46*  

10 KT 
   

  

11 TSD 
   

  

12 FC 
   

  

13 CJS 
   

  

14 GE 
   

-1.60** 
 

15 GFC 
    

 

16 PMLQ 
   

  

17 TI 
   

  

18 ROM 
   

 1.67** 

18 HFS 
   

  

20 LMJR 
   

  

21 D1056 
    

-1.55*** 

22 D205 
    

2.58* 

23 D305 
     

24 D405 
     

25 D505 
     

26 D605 
    

-1.85* 

27 D705 
    

 

28 D805 
    

 

29 D905 
    

 

30 D1005 
    

 

31 D1105 
    

-1.68** 

Variance Equation 

32 C 2.20* 2.00* 2.20* 1.73** 2.00* 

33 ARCH 8.54* 8.69* 7.26* 6.25* 4.34* 

34 Asymmetry -2.09* -2.25* -3.79* -2.95* -2.94* 

35 GARCH 15.65* 15.30* 70.20* 15.33* 13.70* 

36 Vp5 
  

2.93* 2.06* 2.84* 

(Continued) 
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Table 7(Continued) 

37 EX 
  

-2.47* -3.05* -1.93* 

38 RM 
  

   

39 OIL 
  

-1.89** -3.38* -2.49* 

40 GOLD 
  

2.51* 2.50* 1.60*** 

41 FXR 
  

-1.54***   

42 KT 
   

  

43 TSD 
   

  

44 FC 
   

  

45 CJS 
   

1.95* 
 

46 GE 
   

1.56*** 1.56*** 

47 GFC 
   

  

48 PMLQ 
   

-3.16* -3.19* 

49 TI 
   

2.42* 2.79* 

50 ROM 
   

  

51 HFS 
   

  

52 LMJR 
   

  

53 D105 
   

  

54 D205 
    

2.18* 

55 D305 
     

56 D405 
    

-2.71* 

57 D505 
    

2.55* 

58 D605 
    

-3.16* 

59 D705 
    

2.22* 

60 D805 
    

2.89* 

61 D905 
    

-2.68* 

62 D1005 
    

 

63 D1105 
    

 

Specification measures 

64 R2 0.12 0.13 0.24 0.26 0.28 

65 Adj-R2 0.10 0.10 0.18 0.14 0.86 

66 LL -12419.6 -12513 -12472.8 -12457.8 -12512.5 

67 AIC 7.79 7.79 7.81 7.92 7.76 

68 LQ(10)a 0.10 0.19 0.75 0.71 0.80 

69 LQ2(10)b 0.88 0.86 0.88 0.63 0.97 

70 LM(1)c 0.97 0.94 0.72 0.72 0.49 

71 Wald test d     0.008(11) 

*, ** and *** indicates 1%, 5% and 10% significance levels of z-statistics.  The symbol S stands for specific 

approach, Vp for volume portfolio, E for economic variables, D for deterministic events and G stands for the 

general approach, (6) D105 to D1105 are the change points. 

a.is the probability value of the Ljung-Q statistics at lag 10. 

b. is the probability value of the squared Ljung-Q statistics at lag 10. 

c. is the probability value of the Lagrange Multiplier test at lag 10.  

d. is the wald test, the digits in brackets indicates the change points. 
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Table 8 
 
 

Empirical Results of Portfolio Returns 6 by using EGARCH-M model (Specific to General Approach) 

Row Approaches 
S1 Vp2 E3 D4 G5 

Mean Equation 

1 Premium -1.68* -2.28* -3.01* -2.74* -2.76* 

2 C 2.07* -4.26* -2.93* -2.93* -3.00* 

3 RP6(-1) 
    

-1.71** 

4 Vp6 
 

4.47* 4.02* 3.88* 2.84* 

5 EX     1.97* 

6 RM      

7 OIL   -2.97* -2.36*  

8 GOLD    1.63**  

9 FXR   2.24*   

10 KT     1.70** 

11 TSD      

12 FC      

13 CJS    -2.12*  

14 GE      

15 GFC    1.83* 1.74** 

16 PMLQ      

17 TI      

18 ROM      

18 HFS      

20 LMJR     -1.83* 

21 D1066      

22 D206      

23 D306     -3.08* 

24 D406     3.32* 

25 D506      

26 D606      

27 D706      

28 D806      

29 D906      

30 D1006      

31 D1106     3.02* 

32 D1206      

33 D1306      

34 D1406      

35 D1506      

36 D1606      

37 D1706      

38 D1806      

39 D1906      

Variance Equation 

40 C 4.58* -2.14* -2.14* -3.00* -3.00* 

41 ARCH 9.56* 9.95* 9.95* 8.89* 7.81* 

42 Asymmetry -3.30* -3.94* -4.90* -5.32* -3.98* 

Continued 
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Table 8(Continued) 

43 GARCH 42.98* 41.78* 37.36* 31.75* 22.59* 

44 Vp6  3.93* 4.50* 3.97* 3.40* 

45 EX      

46 RM   2.97* 2.86* 2.67* 

47 OIL   -2.90*  -2.13* 

48 GOLD   2.92*   

49 FXR    -1.51***  

50 KT      

51 TSD      

52 FC      

53 CJS      

54 GE      

55 GFC      

56 PMLQ    -4.16* -1.65** 

57 TI    1.86*  

58 ROM    2.35*  

59 HFS      

60 LMJR    -1.91*  

61 D106     -1.50** 

62 D206     1.96* 

63 D306     -1.74** 

64 D406     2.18* 

65 D506      

66 D606      

67 D706     3.68* 

68 D806     -3.17* 

69 D906     2.73* 

70 D1006     -2.61* 

71 D1106     1.54*** 

72 D1206      

73 D1306      

74 D1406      

75 D1506      

76 D1606      

77 D1706      

78 D1806      

79 D1906     1.86* 

Specification measures 

80 R2 0.13 0.22 0.27 0.32 0.89 

81 Adj-R2 0.67 0.11 0.16 0.14 0.81 

82 LL -13485 -13576.5 -13558.2 -13533.7 -13596.1 

83 AIC 8.49 8.49 8.49 8.47 8.47 

84 LQ(10)a 0.18 0.552 0.790 0.816 0.918 

85 LQ2(10)b 1.000 1.000 1.000 1.000 1.000 

86 LM(1)c 0.89 0.89 0.93 0.93 0.97 

87 Wald test d     0.002(19) 

*, ** and *** indicates 1%, 5% and 10% significance levels of z-statistics.  The symbol S stands for specific 

approach, Vp for volume portfolio, E for economic variables, D for deterministic events and G stands for the general 

approach, (6) D106 to D1906 are the change pointsa.is the probability value of the Ljung-Q statistics at lag 10.b. is the 

probability value of the squared Ljung-Q statistics at lag 10.c. is the probability value of the Lagrange Multiplier test at lag 

10. d. is the wald test, the digits in brackets indicates the change points. 
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Table 9 
 

 

Empirical Results of Portfolio Returns 7 by using EGARCH-M model (Specific to General 

Approach) 

Rows Approaches  
S1 Vp2 E3 D4 G5 

Mean Equation 

1 Premium -1.5*** -1.5*** -1.65*** -1.65*** -1.65*** 

2 C -1.56*** -1.56*** -1.75** -1.75** -1.90* 

3 RP7(-1) -1.93* -1.95* -2.16* -2.10* -3.29* 

4 Vp7 
 

    

5 EX 
 

    

6 RM 
 

    

7 OIL 
  

-2.85* -2.05*  

8 GOLD 
  

   

9 FXR 
  

1.87* 
 

 

10 KT 
    

 

11 TSD 
   

  

12 FC 
   

  

13 CJS 
   

  

14 GE 
   

-1.58**  

15 GFC 
   

  

16 PMLQ 
   

  

17 TI 
   

  

18 ROM 
   

  

18 HFS 
   

  

20 LMJR 
   

-1.76*  

21 D1076 
     

22 D207 
     

23 D307 
    

 

24 D407 
    

 

25 D507 
    

 

26 D607 
    

 

27 D707 
    

 

28 D807 
    

 

 D907 
    

 

29 D1007 
    

 

30 D1107 
    

 

31 D1207 
    

 

Variance Equation 

32 C 2.90* 2.86* 3.07* 2.45* 2.45* 

33 ARCH 8.40* 8.44* 7.64* 7.19* 6.03* 

34 Asymmetry -1.63* -1.63* -3.19* -3.33* -3.00* 

35 GARCH 79.39* 80.90* 53.60* 27.96* 5.83 

36 Vp7 
  

4.02* 3.25* 2.05* 

(Continued) 
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Table 9(Continued) 

37 EX 
  

-3.03* -3.16* 
 

38 RM 
  

   

39 OIL 
  

-2.58* -2.05*  

40 GOLD 
  

3.25* 
 

 

41 FXR 
  

-1.98* 
 

 

42 KT      

43 TSD      

44 FC 
   

  

45 CJS 
   

1.98* 1.50*** 

46 GE 
   

  

47 GFC 
   

  

48 PMLQ 
   

-2.33* 
 

49 TI 
    

-3.37* 

50 ROM 
   

2.42* 
 

51 HFS 
   

  

52 LMJR 
   

  

53 D107 
   

  

54 D207 
   

  

55 D307 
    

1.62** 

56 D407 
    

-2.85* 

57 D507 
    

1.79** 

58 D607 
     

59 D707 
    

-1.92* 

60 D807 
    

2.21* 

61 D907      

62 D1007      

63 D1107     4.89* 

64 D1207      

Specification measures 

65 R2 0.13 0.13 0.58 0.79 0.84 

66 Adj-R2 0.16 0.148 0.13 0.498 0.60 

67 LL -13283 -13363.8 -13335 -13320.2 -13364.6 

68 AIC 8.36 8.36 8.36 8.36 8.35 

69 LQ(10)a 0.30 0.30 0.32 0.40 0.37 

70 LQ2(10)b .91 0.99 1.000 .76 0.96 

71 LM(1)c .45 0.48 0.65 0.47 0.31 

72 Wald test d     0.008(12) 

 

*, ** and *** indicates 1%, 5% and 10% significance levels of z-statistics.  The symbol S stands for specific 

approach, Vp for volume portfolio, E for economic variables, D for deterministic events and G stands for the 

general approach, (6) D107 to D1207 are the change points 

a.is the probability value of the Ljung-Q statistics at lag 10. 

b. is the probability value of the squared Ljung-Q statistics at lag 10. 

c. is the probability value of the Lagrange Multiplier test at lag 10.  

d. is the wald test, the digits in brackets indicates the change points. 
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Table 10 
 

 

Empirical Results of Portfolio Returns 8 by using EGARCH-M model (Specific to General 

Approach) 

Row 
Approaches 

S1 Vp2 E3 D4 G5 

Mean Equation 

1 Premium 1.78** 1.78** 1.95* 1.95* 2.23* 

2 C -2.55* -2.55* -3.67* -2.44* -3.21* 

3 RP8(-1) -4.24* -4.25* -4.41* -4.40* -3.52* 

4 Vp8 
 

    

5 EX 
  

   

6 RM 
  

   

7 OIL 
  

-3.61* -2.62* -1.94* 

8 GOLD 
  

  
 

9 FXR 
  

3.76* 2.46* 3.10* 

10 KT 
   

  

11 TSD 
   

  

12 FC 
    

4.90* 

13 CJS 
   

  

14 GE 
   

-1.98* -2.06* 

15 GFC 
   

  

16 PMLQ 
   

  

17 TI 
   

  

18 ROM 
    

1.50*** 

18 HFS 
   

 
 

20 LMJR 
   

 -1.51*** 

21 D108 
     

22 D208 
    

-1.67*** 

23 D308 
     

24 D408 
    

-3.48* 

25 D508 
     

26 D608 
     

27 D708 
     

28 D808 
     

Variance Equation 

29 C 2.31* 2.34* 2.34* 3.17* 3.17* 

30 ARCH 8.40* 7.92* 7.35* 7.26* 6.93* 

31 Asymmetry -3.26* -3.24* -3.95* -3.33* -2.16* 

32 GARCH 17.37* 16.88* 98.00* 37.52* 3.47* 

33 Vp8 
 

  1.79** 1.94* 

34 EX 
  

   

35 RM 
  

2.65* 2.81* 
 

36 OIL 
  

-1.78**   

37 GOLD 
  

2.72*   

38 FXR 
  

-2.10* -2.72*  

39 KT 
   

  

(Continued) 
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Table 10 (Continued) 

40 TSD 
   

  

41 FC 
   

  

42 CJS 
   

  

43 GE      

44 GFC 
   

  

45 PMLQ 
   

  

46 TI 
   

 -2.41* 

47 ROM 
   

  

48 HFS 
   

  

49 LMJR 
    

 

50 D1086 
    

-3.86* 

51 D208 
     

52 D308 
    

1.70** 

53 D408 
    

3.28* 

54 D508 
    

 

55 D608 
    

 

56 D708 
    

-2.64* 

57 D808 
    

2.84* 

Specification Measures 

58 R2 0.25 0.30 0.51 0.90 0.91 

59 Adj-R2 0.36 0.19 0.76 0.38 0.88 

60 LL -13073.3 -13146.2 -13119.3 -13107.7 -13192.4 

61 AIC 8.21 8.20 8.20 8.20 8.19 

62 LQ(10)a 0.041 0.07 0.16 .35 .47 

63 LQ2(10)b 0.99 0.99 0.99 1.00 1.00 

64 LM(1)c .70 0.69 0.68 .84 0.77 

65 Wald test d     0.012(8) 

 

*, ** and *** indicates 1%, 5% and 10% significance levels of z-statistics.  The symbols stands for (1) S  for 

specific approach, Vp for volume portfolio, E for economic variables, D for deterministic events and G stands 

for the general approach, (6) D108 to D808 are the change points. 

a.is the probability value of the Ljung-Q statistics at lag 10. 

b. is the probability value of the squared Ljung-Q statistics at lag 10. 

c. is the probability value of the Lagrange Multiplier test at lag 10.  

d. is the wald test, the digits in brackets indicates the change points. 
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Table 11 
 

 

Empirical Results of Portfolio Returns 9 by using EGARCH-M model (Specific to General Approach) 

 Approaches 
S1 Vp2 E3 D4 G5 

 Mean Equation 

1 Premium -1.63*** -1.54*** -2.54* -8.49* -5.88* 

2 C 2.44* 2.44* -3.43* -7.17* -7.17* 

3 RP9(-1) 6.95* 6.95* 6.63* 5.21* 4.81* 

4 Vp9 
  

   

5 EX 
  

   

6 RM 
   

  

7 OIL 
  

-3.62*   

8 GOLD 
   

  

9 FXR 
  

3.99* 3.33*  

10 KT 
   

  

11 TSD 
   

  

12 FC 
   

-1.54*** 3.86* 

13 CJS 
   

  

14 GE 
   

 -3.70* 

15 GFC 
   

 
 

16 PMLQ 
   

 2.25* 

17 TI 
   

 
 

18 ROM 
   

2.49* 2.56* 

18 HFS 
     

20 LMJR 
   

-2.57* -2.79* 

21 D109 
    

-2.25* 

22 D209 
     

23 D309 
    

2.61* 

24 D409 
    

-1.72** 

25 D509 
     

26 D609 
     

27 D709 
    

 

28 D809 
    

 

29 D909 
    

3.94* 

30 D1009 
    

-2.49* 

Variance Equation 

31 C 2.23* 2.23* 3.07* 1.81** 2.81* 

32 ARCH 10.34* 10.40* 9.46* 9.20* 8.82* 

33 GARCH -2.57* -2.54875* -2.84* -3.07* -3.12* 

34 ASYMMETRY 76.94* 79.11* 57.63* 10.63* 10.37* 

35 Vp9 
  

2.86* 
0.396408 

3.18* 

0.568201 

4.50* 

36 EX 
  

-1.96* -2.00*  

(Continued) 
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Table 11 (Continued) 

37 RM 
  

2.72*   

38 OIL 
   

  

39 GOLD 
  

3.19* -2.23*  

40 FXR 
  

-2.66* 
 

 

41 KT 
   

-1.94*  

42 TSD 
    

 

43 FC 
   

  

44 CJS 
   

1.79** -2.21* 

45 GE 
   

1.55*** 
 

46 GFC 
   

  

47 PMLQ 
   

-2.31*  

48 TI 
    

 

49 ROM 
   

1.98*  

50 HFS 
   

  

51 LMJR 
   

  

52 D1096 
    

 

53 D209 
    

-2.04* 

54 D309 
    

2.44* 

55 D409 
    

-2.75* 

56 D509 
    

3.43* 

57 D609 
     

58 D709 
    

-1.75** 

59 D809 
    

3.39* 

60 D909      

61 D1009      

Specification Measures 

62 R2 0.19 0.19 0.21 0.24 0.33 

63 Adj-R2 0.17 0.17 0.16 0.17 0.17 

64 LL -13369.9 -13456.5 -13432 -13411.4 -13456.3 

65 AIC 8.43 8.43 8.42 8.42 8.41 

66 LQ(10)a 0.11 0.16 0.75 0.14 .97 

67 LQ2(10)b .88 0.91 0.95 0.76 .94 

68 
LM(1)c 

 
0.60 0.58 0.82 0.77 .48 

69 Wald test d     0.004(10) 

 

*, ** and *** indicates 1%, 5% and 10% significance levels of z-statistics.  The symbols stands for (1) S for 

specific approach, (2) Vp for volume portfolio, (3) E for economic variables, (4) D for deterministic events, (5) 

G stands for the general approach, (6) D109 to D1009 are the change points. 

a.is the probability value of the Ljung-Q statistics at lag 10. 

b. is the probability value of the squared Ljung-Q statistics at lag 10. 

c. is the probability value of the Lagrange Multiplier test at lag 10.  

d. is the wald test, the digits in brackets indicates the change points. 
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Table 12 
 
 

Empirical Results of Portfolio Returns 10 by using EGARCH-M model (Specific to General 

Approach) 

 Approaches 
S1 Vp2 E3 D4 G5 

Rows 

# 
Mean Equation 

1 Premium 1.74** 1.74** 1.74** 1.84* 1.98* 

2 C -3.52* -3.52* -4.78* -3.09* -3.09* 

3 RP10(-1)      

4 Vp10 
 

1.70***    

5 EX 
  

1.73** 1.56*** 
 

6 RM 
  

-2.18* -2.08* -2.46* 

7 OIL 
  

-2.25* -1.92* -1.58*** 

8 GOLD 
  

-1.60***   

9 FXR 
  

4.46* 2.61*  

10 KT 
   

  

11 TSD 
   

  

12 FC 
   

  

13 CJS 
   

-1.79**  

14 GE 
   

  

15 GFC 
   

  

16 PMLQ 
    

 

17 TI 
   

  

18 ROM 
   

  

18 HFS 
   

  

20 LMJR 
   

  

21 D1010 
    

 

22 D2010 
    

 

23 D3010 
    

 

24 D4010 
    

-1.55*** 

25 D5010 
    

1.62*** 

26 D6010 
     

27 D7010 
     

28 D8010 
     

Variance Equation 

29 C 2.76* 3.76* 3.76* 3.72* 3.72* 

30 ARCH 7.91* 8.30* 8.40* 7.46* 6.38* 

31 Asymmetry -2.22* 2.22* -2.41* -2.58* -2.04* 

32 GARCH 12.86* 12.47* 28.47* 16.04* 7.69* 

33 Vp10 
  

4.75* 4.87* 5.92* 

34 EX 
  

-2.36* -2.56*  

35 RM 
  

-1.81*   

36 OIL 
  

-2.04* -1.61** -2.50* 

(Continued) 

 

 



ANALYSIS OF VOLATILITY OF PORTFOLIO RETURNS: EVIDENCE FROM PAKISTANI STOCK MARKET             173 
 

  

Table 12(Continued) 

37 GOLD 
  

4.02*   

38 FXR 
  

-3.34* -2.67* 
 

39 KT 
   

2.24* 2.88* 

40 TSD 
     

41 FC 
     

42 CJS 
   

2.46* 1.78** 

43 GE 
   

  

44 GFC 
   

  

45 PMLQ 
   

-1.62*** 
 

46 TI 
   

3.05* 2.79* 

47 ROM 
   

  

48 HFS 
   

  

49 LMJR 
   

  

50 D1010 
    

3.22* 

51 D2010 
    

-3.02* 

52 D3010 
    

-1.59*** 

53 D4010 
    

3.49* 

54 D5010 
    

-2.23* 

55 D6010 
    

 

56 D7010 
    

2.04* 

57 D8010 
    

 

Specification measures 

58 R2 0.53 0.50 0.66 0.75 0.75 

59 Adj-R2 0.16 0.23 0.73 0.53 0.67 

60 LL 13694.2 -13763.3 -13739.3 -13708.2 -13767.3 

61 AIC 8.57 8.57 8.56 8.55 8.54 

62 LQ(10)a 0.59 0.74 0.90 0.87 0.83 

63 LQ2(10)b 0.62 0.62 0.50 0.16 0.06 

64 LM(1)c 0.527 0.555 .893 0.408 0.508 

65 Wald test d     0.03(8) 

 

*, ** and *** indicates 1%, 5% and 10% significance levels of z-statistics.  The symbol S stands for specific 

approach, Vp for volume portfolio, E for economic variables, D for deterministic events and G stands for the 

general approach, D1010 to D8010 are the change points. 

a.is the probability value of the Ljung-Q statistics at lag 10. 

b. is the probability value of the squared Ljung-Q statistics at lag 10. 

c. is the probability value of the Lagrange Multiplier test at lag 10.  

d. is the wald test, the digits in brackets indicates the change points. 
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Table 13: 

 

Empirical Results of In-sample and Out-sample Fit Forecasting Performance of Portfolio 

Returns1and Portfolio Returns 2 by using EGARCH-M Model (Specific to General 

Approach) 

  Portfolio Returns 1 

IN-SAMPLE FORECASTING 

 
RMSE MAE MAPE TIC BP VP CP 

S 22.52 14.91 119.24 0.96 0.000006 0.94 0.05 

Vp 
20.51 14.06 107.49 0.96 0.00023 0.94 0.05 

E 
20.46 13.99 118.70 0.92 0.000011 0.85 0.14 

D 
20.43 13.98 115.92 0.91 0.000004 0.85 0.14 

G 
26.99 14.32 209.91 0.70 0.000148 0.01 0.98 

OUT-SAMPLE FORECASTING 

S 28.38 17.82 169.58 0.96 0.001478 0.95 0.04 

Vp 
28.89 18.46 157.96 0.95 0.000817 0.93 0.06 

E 
28.93 18.43 149.82 0.86 0.000033 0.73 0.26 

D 33.33 19.02 166.81 0.79 0.001 0.23 0.76 

G 
30.08 18.63 164.2389 0.86 0.000593 0.59 0.40 

  Portfolio Returns 2 

IN-SAMPLE FORECASTING 

S 21.03 13.24 148.1 0.96 0.000037 0.94 0.05 

Vp 19.09 13.02 324.11 0.957 0.001006 0.91 0.079 

E 19.05 12.97 734.1 0.91 0.000189 0.85 0.14 

D 19.04 12.93 450.11 0.89 0.000149 0.82 0.17 

G 27.37 13.19 211.11 0.70 0.000038 0.007 0.99 

OUT-SAMPLE FORECASTING 

S 27.01 13.97 116.83 0.96 0.004009 0.93 0.06 

Vp 26.99 13.95 114.40 0.95 0.004139 0.92 0.06 

E 26.89 13.92 163.00 0.931 0.000148 0.90 0.09 

D 26.80 13.88 154.10 0.92 0.000176 0.88 0.11 

G 26.85 13.82 137.44 0.91 0.000064 0.84 0.15 

Note: S stands for specific approach, Vp stands for volume portfolio, E stands for economic variables, D stands for 

deterministic events, G stands for General approach, RMSE stands for root mean squared error, MAE stands for mean 

absolute error, MAPE stands for mean absolute percentage error, TIC stands for Theil Inequality Coefficient, BP stands for 

bias proportion, VP stands for variance proportion and CP stands for covariance proportion. 
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Table 14:  

 

Empirical Results of In-sample and Out-sample Fit Forecasting Performance of Portfolio 

Returns3 and Portfolio Returns 4 by using EGARCH-M Model (Specific to General 

Approach) 

  Portfolio Returns 3 

IN-SAMPLE FORECASTING 

 
RMSE MAE MAPE TIC BP VP CP 

S 19.42 13.71 164.19 0.921 0.000058 0.87 0.12 

Vp 19.28 13.54 131.67 0.913 0.000063 0.86 0.13 

E 19.25 13.51 192.82 0.89 0 0.83 0.16 

D 19.27 13.5 220.75 0.87 0.00003 0.77 0.22 

G 19.23 13.45 219.77 0.86 0.000003 0.74 0.25 

OUT-SAMPLE FORECASTING 

S 19.91 14.22 209.52 0.92 0.005731 0.86 0.13 

Vp 19.86 14.17 134.89 0.92 0.003406 0.86 0.13 

E 19.80 14.11 183.83 0.90 0.000662 0.83 0.16 

D 19.63 13.98 156.20 0.84 0.000661 0.70 0.29 

G 19.65 14.00 130.40 0.87 0.000484 0.77 0.22 

Portfolio Returns 4 

IN-SAMPLE FORECASTING 

S 18.98 13.67 122.00 0.93 0.000132 0.90 0.099 

Vp 19.80 13.71 126.99 0.93 0.000013 0.90 0.0985 

E 19.76 13.65 164.21 0.92 0.000133 0.88 0.11 

D 19.75 13.64 185.17 0.90 0.00001 0.84 0.15 

G 19.72 13.63 194.02 0.89 0.000022 0.81 0.18 

OUT-SAMPLE FORECASTING 

S 15.61 10.69 108.80 0.93 0.002686 0.89 0.10 

Vp 15.60 10.69 108.36 0.94 0.002526 0.90 0.09 

E 15.56 10.70 116.39 0.93 0.000098 0.87 0.128 

D 15.49 10.65 116.33 0.92 0.000315 0.87 0.12 

G 15.39 10.53 117.01 0.86 0.000015 0.76 0.23 

Note: S stands for specific approach, Vp stands for volume portfolio, E stands for economic variables, D stands for 

deterministic events, G stands for General approach, RMSE stands for root mean squared error, MAE stands for mean 

absolute error, MAPE stands for mean absolute percentage error, TIC stands for Theil Inequality Coefficient, BP stands for 

bias proportion, VP stands for variance proportion and CP stands for covariance proportion. 
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Table 15:  

 

Empirical Results of In-sample and Out-sample Fit Forecasting Performance of Portfolio 

Returns5 and Portfolio returns 6 by using EGARCH-M Model (Specific to General 

Approach) 

Portfolio Returns 5 

IN-SAMPLE FORECASTING 

 
RMSE MAE MAPE TIC BP VP CP 

S 13.37 9.50 149.95 0.89 0.00015 0.81 0.18 

Vp 13.77 9.82 185.88 0.88 0.000908 0.79 0.20 

E 13.69 9.75 225.24 0.85 0.000206 0.75 0.24 

D 13.69 9.74 198.67 0.84 0.000245 0.72 0.27 

G 13.69 9.72 226.59 0.83 0.000263 0.69 0.30 

OUT-SAMPLE FORECASTING 

S 11.81 8.31 120.55 0.89 0.004133 0.81 0.18 

Vp 11.77 8.26 116.53 0.88 0.00353 0.81 0.18 

E 11.72 8.19 112.287 0.87 0.000255 0.79 0.20 

D 11.65 8.18 117.192 0.85 0.000244 0.76 0.23 

G 11.58 8.13 119.49 0.82 0.000736 0.72 0.27 

Portfolio Returns 6 

IN-SAMPLE FORECASTING 

S 20.00 13.56 134.14 0.95 0.000206 0.93 0.06 

Vp 19.01 13.22 195.27 0.93 0.000276 0.88 0.11 

E 18.98 13.18 242.40 0.92 0.00049 0.85 0.14 

D 18.96 13.15 234.01 0.90 0.0007 0.81 0.18 

G 18.92 13.09 250.13 0.86 0.000361 0.73 0.26 

OUT- SAMPLE FORECASTING 

S 23.26 14.65 112.40 0.93 0.000968 0.91 0.08 

Vp 23.12 14.69 122.62 0.90 0.000101 0.88 0.11 

E 22.86 14.64 123.45 0.87 0.000231 0.84 0.15 

D 22.70 14.58 122.28 0.85 0.000534 0.82 0.17 

G 22.61 14.46 130.81 0.84 0.000296 0.79 0.20 

Note: S stands for specific approach, Vp stands for volume portfolio, E stands for economic variables, D stands for 

deterministic events, G stands for General approach, RMSE stands for root mean squared error, MAE stands for mean 

absolute error, MAPE stands for mean absolute percentage error, TIC stands for Theil Inequality Coefficient, BP stands for 

bias proportion, VP stands for variance proportion and CP stands for covariance proportion. 
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Table 16:  

Empirical Results of In-sample and Out-sample Fit Forecasting Performance of Portfolio 

Returns7and Portfolio Returns 8 by using EGARCH-M Model (Specific to General 

Approach) 

Portfolio Returns 7 

IN-SAMPLE FORECASTING 

 
RMSE MAE MAPE TIC BP VP CP 

S 20.00 13.56 134.14 0.95 0.000206 0.93 0.06 

Vp 19.01 13.22 195.27 0.93 0.000276 0.88 0.11 

E 18.98 13.18 242.40 0.92 0.00049 0.85 0.14 

D 18.96 13.15 234.01 0.90 0.0007 0.81 0.18 

G 18.92 13.09 250.13 0.86 0.000361 0.73 0.26 

OUT- SAMPLE FORE CASTING 

S 23.26 14.65 112.40 0.93 0.000968 0.91 0.08 

Vp 23.12 14.69 122.62 0.90 0.000101 0.88 0.11 

E 22.86 14.64 123.45 0.87 0.000231 0.84 0.15 

D 22.70 14.58 122.28 0.85 0.000534 0.82 0.17 

G 22.61 14.46 130.81 0.84 0.000296 0.79 0.20 

Portfolio Returns 8 

IN-SAMPLE FORECASTING 

S 19.38 12.54 131.29 0.95 0.000251 0.94 0.05 

Vp 18.01 12.10 129.79 0.94 0.000074 0.93 0.06 

E 17.97 12.08 151.85 0.92 0.000454 0.89 0.10 

D 17.97 12.06 148.24 0.91 0.000281 0.86 0.13 

G 17.94 12.07 158.67 0.89 0.000562 0.82 0.17 

OUT-SAMPLE FORECASTING 

S 23.77 14.15 139.85 0.95 0.001285 0.94 0.05 

Vp 23.77 14.15 141.68 0.95 0.001392 0.93 0.05 

E 23.72 14.09 113.22 0.95 0.000035 0.91 0.08 

D 23.66 14.03 110.85 0.91 0.000379 0.84 0.15 

G 23.50 13.98 135.73 0.88 0.000119 0.79 0.20 

Note: S stands for specific approach, Vp stands for volume portfolio, E stands for economic variables, D stands for 

deterministic events, G stands for General approach, RMSE stands for root mean squared error, MAE stands for mean 

absolute error, MAPE stands for mean absolute percentage error, TIC stands for Theil Inequality Coefficient, BP stands for 

bias proportion, VP stands for variance proportion and CP stands for covariance proportion. 
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Table 17:  

Empirical Results of In-sample and Out-sample Fit Forecasting Performance of Portfolio 

Returns9and Portfolio Returns 10 by using EGARCH-M Model (Specific to General 

Approach) 

Portfolio Returns 9 

IN-SAMPLE FORECASTING 

 
RMSE MAE MAPE TIC BP VP CP 

S 18.45 13.04 196.10 0.87 0.000142 0.77 0.22 

Vp 17.79 12.48 207.23 0.87 0.00023 0.78 0.21 

E 17.77 12.43 192.09 0.85 0.000077 0.76 0.23 

D 17.82 12.41 221.35 0.83 0.000562 0.69 0.30 

G 17.71 12.35 250.41 0.82 0.000319 0.69 0.30 

OUT-SAMPLE FORECASTING 

S 20.71 15.13 150.21 0.88 0 0.76 0.23 

Vp 20.71 15.13 149.54 0.88 0 0.76 0.23 

E 20.682 15.03 166.41 0.87 0.000485 0.74 0.25 

D 20.42 14.87 159.54 0.80 0.000311 0.62 0.37 

G 20.37 14.86 154.23 0.81 0.000301 0.64 0.35 

Portfolio Returns10 

IN-SAMPLE FORECASTING 

S 21.10 13.90 7514.22 0.96 0.000015 0.97 0.02 

Vp 20.37 13.12 120.485 0.95 0.000022 0.94 0.05 

E 20.29 13.08 134.62 0.91 0.000021 0.86 0.13 

D 20.28 13.04 140.16 0.90 0 0.83 0.16 

G 20.28 13.04 142.69 0.90 0.000033 0.82 0.17 

OUT-SAMPLE FORECASTING 

S 23.58 16.71 34312.72 0.97 0.001073 0.97 0.02 

Vp 23.57 16.68 24359.44 0.96 0.001246 0.94 0.04 

E 23.54 16.66 22277.75 0.94 0.000539 0.90 0.09 

D 23.54 16.62 25355 0.93 0.001957 0.88 0.10 

G 23.54 16.63 24403.41 0.92 0.002371 0.86 0.13 

Note: S stands for specific approach, Vp stands for volume portfolio, E stands for economic variables, D stands for 

deterministic events, G stands for General approach, RMSE stands for root mean squared error, MAE stands for mean 

absolute error, MAPE stands for mean absolute percentage error, TIC stands for Theil Inequality Coefficient, BP stands for 

bias proportion, VP stands for variance proportion and CP stands for covariance proportion. 

 



ANALYSIS OF VOLATILITY OF PORTFOLIO RETURNS: EVIDENCE FROM PAKISTANI STOCK MARKET             179 
 

  

Table 18:  

 

Empirical Results of Volatility Spillover from Rp1 (-1) toRp10 (-1) and from Rp10 (-1) to Rp1 

(-1) by using EGARCH-M model (General Approach) 

VOLATILITY SPILLOVER FROM RP1(-1) to RP10(-1) 

 Coefficient P-value 

Mean Equation 

Premium 0.05 0.58 

Constant (ω) -221.6 0.00 

RP1(-1) (β1) -0.01 0.37 

Return Spillover RP10(-1) (β2) -0.001 0.46 

Variance Equation 

Constant 15.13 0.03 

ARCH Effect (α) 0.30 0.00 

Asymmetry (θ) -0.05 0.05 

GARCH Effect (β) 0.37 0.00 

Volatility Spillover RP1(-1) to RP10(-1) (δ1) 0.00 0.01 

Diagnostics 

R-Square  0.096 

Adjusted R-squared  0.01 

AIC  8.55 

Log likelihood  -13673.9 

VOLATILITY SPILLOVER FROM RP10(-1) to RP1(-1) 

Mean Equation 

PREMIUM 0.074 0.42 

Constant (ω) -156.75 0.03 

RP10(-1) (β1) -0.03 0.06 

Return Spillover RP1(-1) (β2) -0.021 0.31 

Variance Equation 

Constant 3.39 0.29 

ARCH Effect (α) 0.27 0.00 

Asymmetry (θ) -0.03 0.09 

GARCH Effect (β) 0.78 0.00 

Volatility Spillover RP10(-1) to RP1(-1) (δ1) 0.002 0.00 

Diagnostics 

R-Square  0.036 

Adjusted R-squared  0.057 

AIC  8.68 

Log likelihood  -13879.5 

 



ANALYSIS OF VOLATILITY OF PORTFOLIO RETURNS: EVIDENCE FROM PAKISTANI STOCK MARKET             180 
 

  

Table 19 

 

Empirical Results of Volatility Spillover from Rp1(-1) to Rm(-1) and Volatility Spillover from 

Rm(-1) to Rp1(-1) by using EGARCH-M model (General Approach) 

VOLATILITY SPILLOVER FROM RP1(-1) to RM(-1) 

 Coefficient P-value 

Mean Equation 

PREMIUM 0.04 0.70 

Constant (ω) -3.37 0.45 

RP1(-1) (β1) -0.01 0.44 

Return Spillover RM(-1) (β2) -8.41 0.50 

Variance Equation 

Constant 1.92 0.00 

ARCH Effect (α) 0.37 0.00 

Asymmetry (θ) -0.049 0.13 

GARCH Effect (β) 0.30 0.00 

Volatility Spillover RP1(-1) to RM(-1) (δ1) -1.21 0.41 

Diagnostics 

R-Square  0.04 

Adjusted R-squared  0.012 

AIC  8.57 

Log likelihood  -13716.7 

VOLATILITY SPILLOVER FROM RM(-1) to RP1(-1) 

Mean Equation 

PREMIUM 0.69 0.00 

Constant (ω) -0.04 0.02 

RM(-1) (β1) 0.09 0.00 

Return Spillover RP1(-1) (β2) -0.07 0.50 

Variance Equation 

Constant -4.17 0.00 

ARCH Effect (α) 0.45 0.00 

Asymmetry (θ) -0.16 0.00 

GARCH Effect (β) 0.34 0.00 

Volatility Spillover RM(-1) to RP1(-1) (δ1) 0.001 0.21 

Diagnostics 

R-Square  0.07 

Adjusted R-squared  0.07 

AIC  5.75 

Log likelihood  9297.2 

 



ANALYSIS OF VOLATILITY OF PORTFOLIO RETURNS: EVIDENCE FROM PAKISTANI STOCK MARKET             181 
 

  

Table 20 

 

Empirical Results of Volatility Spillover from Rp1(-1) to Fxr(-1) and Volatility Spillover from 

Fxr(-1) to Rp1(-1) by using EGARCH-M model (General Approach) 

VOLATILITY SPILLOVER FROM RP1(-1) to FXR(-1) 

 Coefficient P-value 

Mean Equation 

PREMIUM 0.03 0.60 

Constant (ω) -77.45 0.072 

RP1(-1) (β1) -0.017 0.313 

Return Spillover FXR(-1) (β2) 23.15 0.085 

Variance Equation 

Constant 6.02 0.10 

ARCH Effect (α) 0.34 0.001 

Asymmetry (θ) -0.061 0.04 

GARCH Effect (β) 0.54 0.008 

Volatility Spillover RP1(-1) to FXR(-1) (δ1) -1.61 0.18 

Diagnostics 

R-Square  0.5509 

Adjusted R-squared  0.1182 

AIC  8.56 

Log likelihood  -13709.3 

VOLATILITY SPILLOVER FROM FXR(-1) to RP1(-1) 

Mean Equation 

PREMIUM 2.282 0.036 

Constant (ω) 0.076 0.131 

FXR(-1) (β1) 0.99 0 

Return Spillover RP1(-1) (β2) 0.001 0.0012 

Variance Equation 

Constant -16.04 0.009 

ARCH Effect (α) -0.003 0.09 

Asymmetry (θ) 0.006 0.04 

GARCH Effect (β) 0.0087 0.85 

Volatility Spillover FXR(-1) to RP1(-1) (δ1) -0.0015 0.05 

Diagnostics 

R-Square  0.99 

Adjusted R-squared  0.99 

AIC  -14.77 

Log likelihood  23795.67 
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Table 21: 

 

 Empirical Results of Volatility Spillover from Rp1(-1) to Ex(-1) and Volatility Spillover from 

Ex(-1) to Rp1(-1) by using EGARCH-M model (General Approach) 

 

VOLATILITY SPILLOVER FROM RP1(-1) to EX(-1) 

 Coefficient P-value 

Mean Equation 

PREMIUM 0.02 0.79 
Constant (ω) -12.66 0.618 

RP1(-1) (β1) -0.014 0.414 
Return Spillover EX(-1) (β2) 2.379 0.710 

Variance Equation 

Constant 5.34 0.024 
ARCH Effect (α) 0.37 0.009 
Asymmetry (θ) -0.04 0.148 
GARCH Effect (β) 0.34 0.009 

Volatility Spillover RP1(-1) to 

EX(-1) (δ1) 

-0.85 0.134 

Diagnostics 

R-Square  
0.52 

Adjusted R-squared  0.12 

AIC  8.57 

Log likelihood  -13716 

VOLATILITY SPILLOVER FROM EX(-1) to RP1(-1) 

Mean Equation 

PREMIUM 0.035 0.106 
Constant (ω) 0.006 0 

EX(-1) (β1) 0.99 0 
Return Spillover RP1(-1) (β2) 0.008 0.380 

Variance Equation 

Constant -3.12 0.005 

ARCH Effect (α) 0.948 0.005 

Asymmetry (θ) 0.077 0.032 
GARCH Effect (β) 0.66 0.005 
Volatility Spillover RP10(-1) to RP1(-1) (δ1) 0.001 0.23 

Diagnostics 

R-Square  
               0.44 

Adjusted R-squared  0.59 

AIC  11.42 

Log likelihood  18417.99 
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Table 22: 

 

 Empirical Results of Volatility Spillover from Rp1(-1) to Oil(-1) and Volatility Spillover from 

Oil(-1) to Rp1(-1) by using EGARCH-M model (General Approach) 

VOLATILITY SPILLOVER FROM RP1(-1) to OIL(-1) 

 Coefficient P-value 

Mean Equation 

PREMIUM 0.07 0.46 

Constant (ω) -5.32 0.54 

RP1(-1) (β1) -0.01 0.54 

Return Spillover OIL(-1) (β2) 0.26 0.80 

Variance Equation 

Constant 4.81 0.009 

ARCH Effect (α) 0.31 0.001 

Asymmetry (θ) -0.06 0.03 

GARCH Effect (β) 0.39 0.007 

Volatility Spillover RP1(-1) to 

OIL(-1) (δ1) 

-0.52 0.007 

Diagnostics 

R-Square  
0.49 

Adjusted R-squared  0.1243 

AIC  8.562 

Log likelihood  -13699.6 

VOLATILITY SPILLOVER FROM OIL(-1) to RP1(-1) 

Mean Equation 

PREMIUM -3.757 0.059 

Constant (ω) 0.180 0.057 

OIL(-1) (β1) 0.99 0 

Return Spillover RP1(-1) (β2) 0.002 0.45 

Variance Equation 

Constant -6.271 0.008 

ARCH Effect (α) 0.041 0.013 

Asymmetry (θ) 0.009 0.33 

GARCH Effect (β) -0.012 0.842 

Volatility Spillover OIL(-1) to 

RP1(-1) (δ1) -0.00096 0.42 

Diagnostics 

R-Square  
0.625 

Adjusted R-squared  0.648 

AIC  4.62 

Log likelihood  7485.441 

 



ANALYSIS OF VOLATILITY OF PORTFOLIO RETURNS: EVIDENCE FROM PAKISTANI STOCK MARKET             184 
 

  

Table 23:  

 

Empirical Results of Volatility Spillover from Rp1(-1) to Gold(-1) and Volatility Spillover 

from Gold(-1) to Rp1(-1) by using EGARCH-M model (General Approach 

VOLATILITY SPILLOVER FROM RP1(-1) to GOLD(-1) 

 Coefficient P-value 

Mean Equation 

PREMIUM -0.06 0.423 

Constant (ω) 10.58 0.197 

RP1(-1) (β1) -0.031 0.047 

Return Spillover GOLD(-1) (β2) -0.994 0.355 

Variance Equation 

Constant 0.164 0.178 

ARCH Effect (α) 0.122 0.008 

Asymmetry (θ) -0.01 0.413 

GARCH Effect (β) 0.95 0 

Volatility Spillover RP1(-1) to 

GOLD(-1) (δ1) -0.04 0.006 

Diagnostics 

R-Square  
0.89 

Adjusted R-squared  0.827 

AIC  
8.673 

Log likelihood  
-13899.4 

VOLATILITY SPILLOVER FROM GOLD(-1) to RP1(-1) 

Mean Equation 

PREMIUM 0.144 0.04 

Constant (ω) -0.08 0.008 

GOLD(-1) (β1) 0.99 0 

Return Spillover RP1(-1) (β2) 0.005 0.799 

Variance Equation 

Constant -1.801 0.03 

ARCH Effect (α) 0.104 0.004 

Asymmetry (θ) 0.093              0.004 

GARCH Effect (β) 0.600 0.007 

Volatility Spillover GOLD(-1) to 

RP1(-1) (δ1) -0.0012 0.374 

Diagnostics 

R-Square  
0.92 

Adjusted R-squared  0.92 

AIC  
-5.99 

Log likelihood  
9698.8 
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Table 24:  

 

Empirical Results of Volatility Spillover from Rp10(-1) to Rm(-1) and Volatility Spillover 

from Rm(-1) to Rp10(-1) by using EGARCH-M model (General Approach 

VOLATILITY SPILLOVER FROM RP10(-1) to RM(-1) 

 Coefficient P-value 

Mean Equation 

PREMIUM 0.034 0.649 

Constant (ω) -0.626 0.880 

RP10(-1) (β1) -0.036 0.023 

Return Spillover RM(-1) (β2) -12.25 0.047 

Variance Equation 

Constant 0.046 0.648 

ARCH Effect (α) 0.156 0.002 

Asymmetry (θ) 0.005 0.718 

GARCH Effect (β) 0.935 0 

Volatility Spillover RP10(-1) to 

RM(-1) (δ1) 

1.556 0.051 

Diagnostics 

R-Square  
0.6 

Adjusted R-squared  0.6 

AIC  8.68 

Log likelihood  -13897.4 

VOLATILITY SPILLOVER FROM RM(-1) to RP10(-1) 

Mean Equation 

PREMIUM 1.726 0.00 

Constant (ω) -0.070 0.00 

RM(-1) (β1) -0.002 0.84 

Return Spillover RP10(-1) (β2) 0.002 0.90 

Variance Equation 

Constant -6.179 0.002 

ARCH Effect (α) 0.119              0.005 

Asymmetry (θ) -0.003 0.797 

GARCH Effect (β) 0.045 0.136 

Volatility Spillover RM(-1) to 

RP10(-1) (δ1) 0.002 0.99 

Diagnostics 

R-Square  
0.37 

Adjusted R-squared  0.36 

AIC  -5.708 

Log likelihood  9218.77 
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Table 25:  

 

Empirical Results of Volatility Spillover from Rp10(-1) to Ex(-1) and Volatility Spillover from 

Ex(-1) to Rp10(-1) by using EGARCH-M model (General Approach 

VOLATILITY SPILLOVER FROM RP10(-1) to EX(-1) 

 Coefficient P-value 

Mean Equation 

PREMIUM 0.101 0.189584 

Constant (ω) 5.34 0.811701 

RP10(-1) (β1) -0.03 0.030737 

Return Spillover EX(-1) (β2) -1.77 0.746458 

Variance Equation 

Constant 3.27 0.006 

ARCH Effect (α) 0.29 0.001 

Asymmetry (θ) -0.02 0.29 

GARCH Effect (β) 0.80 0.001 

Volatility Spillover RP10(-1) to 

EX(-1) (δ1) 

-0.69 0.005 

Diagnostics 

R-Square  
0.29 

Adjusted R-squared  0.31 

AIC  
8.69 

Log likelihood  
-13917.2 

VOLATILITY SPILLOVER FROM EX(-1) to RP10(-1) 

Mean Equation 

PREMIUM 0.010 0.330 

Constant (ω) 0.0003 0.017 

EX(-1) (β1) 0.999 0 

Return Spillover RP10(-1) (β2) 0.001 0.690 

Variance Equation 

Constant -2.837 0.001 

ARCH Effect (α) 1.640 0.024 

Asymmetry (θ) -0.149 0.091 

GARCH Effect (β) 0.842 0 

Volatility Spillover EX(-1) to 

RP10(-1) (δ1) 0.005 0.001 

Diagnostics 

R-Square  
0.98 

Adjusted R-squared  0.98 

AIC  
-11.47 

Log likelihood  
18475.05 

 



ANALYSIS OF VOLATILITY OF PORTFOLIO RETURNS: EVIDENCE FROM PAKISTANI STOCK MARKET             187 
 

  

Table 26:  

 

Empirical Results of Volatility Spillover from Rp10(-1) to Fxr(-1) and Volatility Spillover 

from Fxr(-1) to Rp10(-1) by using EGARCH-M model (General Approach 

VOLATILITY SPILLOVER FROM RP10(-1) to FXR(-1) 

 Coefficient P-value 

Mean Equation 

PREMIUM 0.045 0.551 

Constant (ω) -30.95 0.789 

RP10(-1) (β1) -0.03 0.024 

Return Spillover FXR(-1) (β2) 9.06 0.801 

Variance Equation 

Constant 6.344 0.0005 

ARCH Effect (α) 0.161 0.001 

Asymmetry (θ) 0.004 0.74 

GARCH Effect (β) 0.93 0 

Volatility Spillover RP10(-1) to 

FXR(-1) (δ1) -1.96 0.0006 

Diagnostics 

R-Square  
0.55 

Adjusted R-squared  0.9 

AIC  
8.682 

Log likelihood  
-13900.2 

VOLATILITY SPILLOVER FROM FXR(-1) to RP10(-1) 

Mean Equation 

PREMIUM 2.282 0.03 

Constant (ω) 0.0007 0.13 

FXR(-1) (β1) 0.99 0 

Return Spillover RP10(-1) (β2) 0.00 0.001 

Variance Equation 

Constant -16.040 0.00 

ARCH Effect (α) -0.003 0.09 

Asymmetry (θ) 0.006 0.04 

GARCH Effect (β) 0.008 0.85 

Volatility Spillover FXR(-1) to 

RP10(-1) (δ1) -0.001 0.055 

Diagnostics 

R-Square  
0.99 

Adjusted R-squared  0.99 

AIC  
-14.77 

Log likelihood  
23795.67 
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Table 27: 

 

Empirical Results of Volatility Spillover from Rp10(-1) to Oil(-1) and Volatility Spillover 

from Oil(-1) to Rp10(-1) by using EGARCH-M model (General Approach 

VOLATILITY SPILLOVER FROM RP10(-1) to OIL(-1) 

 Coefficient P-value 

Mean Equation 

PREMIUM -0.01 0.84 

Constant (ω) 18.9 0.05 

RP10(-1) (β1) -0.03 0.02 

Return Spillover OIL(-1) (β2) -2.93 0.02 

Variance Equation 

Constant 0.54 0.00 

ARCH Effect (α) 0.14 0.00 

Asymmetry (θ) 0.00 0.95 

GARCH Effect (β) 0.94 0 

Volatility Spillover RP10(-1) to 

OIL(-1) (δ1) -0.07 0.00 

Diagnostics 

R-Square  
0.08936 

Adjusted R-squared  0.05 

AIC  
8.67 

Log likelihood  
-13891.9 

VOLATILITY SPILLOVER FROM OIL(-1) to RP10(-1) 

Mean Equation 

PREMIUM -0.18 0.45 

Constant (ω) 0.05 0.00 

OIL(-1) (β1) 0.99 0 

Return Spillover RP10(-1) (β2) -0.004 0.64 

Variance Equation 

Constant -2.75 0.00 

ARCH Effect (α) 0.03 0.06 

Asymmetry (θ) 0.01 0.47 

GARCH Effect (β) 0.63 0.00 

Volatility Spillover OIL(-1) to 

RP10(-1) (δ1) 0.00 0.42 

Diagnostics 

R-Square  
0.861 

Adjusted R-squared  0.867 

AIC  
-4.61 

Log likelihood  
7458.3 
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Table 28:  

 

Empirical Results of Volatility Spillover from Rp10(-1) to Gold(-1) and Volatility Spillover 

from Gold(-1) to Rp1(-1) by using EGARCH-M model (General Approach 

VOLATILITY SPILLOVER FROM RP10(-1) to GOLD(-1) 

 Coefficient P-value 

Mean Equation 

PREMIUM 0.02 0.69 
Constant (ω) 10.80 0.35 

RP10(-1) (β1) -0.03 0.02 

Return Spillover GOLD(-1) (β2) -1.99 0.27 

Variance Equation 

Constant 0.07 0.72 

ARCH Effect (α) 0.14 0.007 
Asymmetry (θ) 0.01 0.49 
GARCH Effect (β) 0.95 0 

Volatility Spillover RP10(-1) to 

GOLD(-1) (δ1) -0.01 0.73 

Diagnostics 

R-Square  
0.07 

Adjusted R-squared  0.07 

AIC  
8.67 

Log likelihood  
-13895.5 

VOLATILITY SPILLOVER FROM GOLD(-1) to RP10(-1) 

Mean Equation 

PREMIUM -0.06 0.52 
Constant (ω) 0.01 0.07 

GOLD(-1) (β1) 0.99 0 

Return Spillover RP10(-1) (β2) -0.003 0.96 

Variance Equation 

Constant -3.87135 0.00 

ARCH Effect (α) 
0.14 

0.00 

Asymmetry (θ) 
0.12 

0.00 

GARCH Effect (β) 
0.60 

0.00 

Volatility Spillover GOLD(-1) to 

RP10(-1) (δ1) -0.00 0.77 

Diagnostics 

R-Square  
0.63 

Adjusted R-squared  0.62 

AIC  
6.00 

Log likelihood  
9698.6 
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CHAPTER 6 

SUMMARY AND CONCLUSIONS 

The equity market plays a fundamental role in the development of a nation’s 

economy. The investment of financial instruments and the mobilization of funds need a 

proper allocation mechanism that is best provided by the equity(stock) markets.  This 

allocation mechanism of funds creates productive avenues for further investments of the 

investors which in turn brings improvement in the infrastructure of the whole economy. The 

fluctuations in the stock market also called volatility is an indicator of the trends of the 

economy, because stock prices are sensitive to news and shocks whereas real economic 

variables like investment, employment level and GDP etc. take time to react to news. In 

addition stock returns volatility provides key inputs in making financial decisions such as to 

determine the cost of capital, the evaluation of the alternative investment choices and 

allocation of capital effectively which has created the interest of policy makers, market 

analysts, corporate managers and academicians to understand the modeling and forecast 

ability of the volatility of stock returns. 

With this particular background, the present study has aimed to investigate the most 

suitable model to estimate portfolio returns volatility with superior forecasting performance. 

For this very purpose, this study provides an in-depth analysis of a variety of univariate 

symmetric and asymmetric generalized autoregressive heteroskedastic in mean (GARCH-M) 

models. This study attempts to answer four fundamental questions in the minds of financial 

academicians and practitioners, that is, what financial and economic, deterministic and 

stochastic factors determine the volatility of portfolio returns, is there a market price of 

volatility estimated risk, what can be the best GARCH-M model to measure and forecast the 

portfolio returns volatilities and are there volatility spillovers between the highest-lowest beta 
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portfolio returns and also of the highest-lowest beta portfolio returns with the economic 

factors respectively. 

Keeping in view the background of the study and the aim of the study, the present 

study estimates, analyzes and forecasts the portfolio returns volatilities and thereafter the 

volatility spillover effects respectively. The 100 stocks from the financial and non-financial 

firms are selected from 22 sectors listed on Karachi Stock exchange of Pakistan that are 

active in trading and representative of the market for the time period of July 1998 to June 

2011. As the finance practitioners’ focal concern is the construction of the portfolios for the 

investors therefore this has brought novelty in the Pakistani empirical literature by 

constructing 10 equally weighted portfolios (10 stocks each) sorted on high/low betas. Since, 

the importance of the construction of portfolios is to minimize the risk by investing in the 

combination of assets rather than an individual asset that is why portfolios are less risky in 

contrast to the individual asset because the individual asset weight reduces in a portfolio to 

such a level that its variability in the return declines to insignificance. The risk averse 

investors always intend to own a diversified market portfolio of risky stocks that may be 

according to their risk preferences [Markowitz (1952, 1959)].  

 

Now proceeding towards the analysis and findings of the study, as time series data is 

non-stationary in nature therefore, the unit root tests ADF and PP are applied on closing stock 

prices, turnover of shares and the economic variables: exchange rate, oil prices, gold prices, 

foreign exchange reserves respectively. The stock prices are further transformed into stock 

returns after adjusting for any capital changes that may have taken place in the time period of 

July 1998 to June 2011 by using the logarithmic formulae. Similarly, the trading volume 

which is the turnover of shares traded is calculated by taking the natural log of the turnover of 

each stock and then constructed into ten equally weighted volume portfolios. Similarly, the 
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natural log of the KSE-100 closing prices, foreign exchange rate, the foreign exchange 

reserve (cash holdings), oil prices, gold prices are taken to compute the market return, foreign 

exchange return, the foreign exchange reserve (cash holdings) return, oil return and gold 

return respectively. 

 The distributional characteristics of the sample data of portfolio returns, volume 

portfolio and the economic variables are conducted to test for the normality of the data, 

symmetry distribution and the variation of the data from the mean values. The results clearly 

indicate the leptokurtic distribution and the asymmetric behavior of the variables because the 

sample comprises of the time series data respectively. 

The literature offers many directions in modeling the volatility behavior but 

autoregressive moving average (ARMA) with generalized autoregressive conditional 

heteroskedasticity (GARCH) specification models have been employed, as they take account 

of autoregressive and heteroskedastic characteristics of stock returns. In contrary to the 

ARCH/GARCH models, many researchers have tested other volatility models such as the 

random walk, historical average, autoregressive moving average exponential smoothing but 

have found the ARCH models to be superior in nature in efficiently explaining the volatility 

clustering property of the stock returns Yu, (2002).Pursuing on this line of estimating 

volatility, an another novelty with regards to the risk premium for facing volatility (variance) 

risk, this study extends by specifying conditional variation in symmetric GARCH-in-Mean 

(1,1) process respectively.  Next, the study allows asymmetric response of volatility to the 

good and bad news and employs TGARCH-M, EGARCH-M and PGARCH-M to analyze the 

asymmetric behavior of the portfolio returns volatilities. Therefore, this allows four 

specifications of GARCH-M models to examine the portfolio returns volatilities from 

specific to general approach respectively. The specific approach of the respective 

symmetric/asymmetric GARCH-M models comprise of the autoregressive process of order 1 
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(AR1) and when further the volume portfolio, the economic variables, the deterministic 

events and the stochastic shocks are added in the specific approach,  the models turn out to 

take the general approach respectively. In this way, this study brings two original extensions; 

one by exploring a set of economic state variables that describe the business conditions of 

Pakistan influencing the portfolio returns volatility which is also well documented in the 

empirical literature that the major determinants of price movements of stocks are economic 

variables [Campbell (1987), Ferson and Harvey (1993) Cooper, Gulen and Vasalou (2001)].  

The other extension comprises of the stochastic shocks estimated by the ICSS algorithm and 

added into the volatility models respectively.  

Thereafter, the in-sample fit and the out-sample fit forecasting performance of the 

portfolio returns volatilities are modeled and evaluated by employing the superior GARCH-

M model of the specific to general approach of the respective model. Finally, the study adds 

novelty by estimating the spillover effect between the most risky portfolio returns and the 

least risky portfolio returns and between the highest-lowest risky portfolio returns and the 

economic factors by using the superior ARMA(1,0)-GARCH(1,1)-M model respectively. 

The EGARCH-model that is asymmetric in nature strongly provides evidence of the 

superior performance with the minimum AIC value and the higher R2 values respectively.  

One of the key stylized facts of stock returns is the volatility clustering and the leverage 

effect (Black, 1976), when the price movements of the securities are not in a random manner 

and are more volatile towards negative trends in the stock market; concept introduced by 

Clark, Epps and Epps and Tauchen and Pitts [Bollerslev & Jubinski, 1999]. This test for 

asymmetry or leverage effect is best identified by the EGARCH-M model also evident from 

the work of Deehani (2007) and Zhang (2010) who emphasizes on rapid effect on the stock 

prices due to negative news than the positive news. Interestingly, the high beta portfolio 

returns have higher significant z values than the low beta portfolio returns thereby indicating 
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the quick response of the high risk takers towards the negative news, shocks or surprises 

relative to the low beta portfolio who respond slowly to the news or shocks. The robustness 

of the models are best concluded when the persistence of the volatilities of the stocks are 

sufficiently accounted for stability by incorporating exogenous factors into the conditional 

variance equation of the autoregressive and moving average models Park (2007) and the best 

model is considered to be the EGARCH-M model of the respective study.  

The present study has employed the specific to general approach to precisely check 

for the effect on the degree of persistence of volatility when stepwise the exogenous variables 

are regressed with the portfolio stock return volatilities. The specific models is the ARMA 

(1,0) autoregressive step where the portfolio stock returns are regressed itself with the 

portfolio stock return volatilities of lag 1 where the persistence of volatility remains the same. 

In the next step, the portfolio stock return are regressed with portfolio stock return at lag 1 

and with the trading volume where the ARCH and GARCH terms become significant and the 

z statistics show a minor significant results in the conditional variance equation of the 

EGARCH-M model. The same steps are repeated with the economic variables where the 

portfolios stock returns are regressed with portfolio stock return at lag 1 and with the trading 

volume with more improvement in the ARCH and GARCH parameters and higher z statistics 

significant at 1% level. Similarly, the deterministic dummies are regressed with portfolio 

stock return at lag 1, trading volume and the economic variables thereby reducing the 

volatility clustering property, improving asymmetry and stabilizing the ARCH and GARCH 

parameters. The last step also labeled as the general approach regresses the portfolio stock 

returns with the portfolio stock return at lag 1, portfolio trading volume, deterministic 

dummies and the stochastic dummies in the conditional variance equation supporting this 

approach with the minima AIC value and the higher R2 in comparison to the previous 4 steps 

in either of the high/low beta stock return portfolios. The ARCH and GARCH parameters of 
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almost all high/low beta portfolio returns become statistically significant which indicates the 

improved performance of the EGARCH-M model after incorporating the trading volume, 

economic variables and the deterministic shocks in the conditional mean and the conditional 

variance equation of the EGARCH model. These results are also in line with the empirical 

work done by Fujihara and Mougoue, (1997) respectively. 

These steps or specific to general approach in the EGARCH(1,1)-M is undertaken to 

conclude for the most proficient approach that may actively stabilize the portfolio stock 

return volatilities across the parameters. Therefore, the stability of the parameters is best 

captured in the general approach in the respective model evident from the significant values 

of the specification measures. In line with the mixture of distribution hypothesis (MDH), the 

portfolio returns volatilities are best estimated when the mixing variables such as the 

portfolio volume, the economic variables, the deterministic vents and the stochastic shocks 

are incorporated into the volatility models. These models tend to reduce the persistence of 

volatilities in the portfolio returns which is also confirmed from the empirical work done by 

Baklaci and Kasman, (2006). 

As investors always demand the compensation for risk in the form of risk premium, 

this study has also accounted for risk premium in the ARCH equation of the EGARCH-M 

model where the high-beta portfolio investors demand more risk premium due to higher 

volatility because of their exposure to the business cyclical changes, seasonal events of any 

uncertain event. Similarly, the low risk bearers therefore are less worried because of their 

investment in the least risky assets that are less volatile as evident from the insignificant z 

statistic in the specific to general approach. 

Contrary to efficient market hypothesis (EMH), the forecasting performance of each 

of the high/low beta portfolio returns volatilities have shown significant results when 
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estimated by the EGARCH-M model respectively. According to Andersen et al. (2003) the 

general practice is to use the daily stock returns to model daily forecasts in contrary to higher 

frequency intraday stock returns and that the forecasting behavior of the stock returns 

increases with the return interval Poterba and Summers (1988). The forecasting performance 

of the portfolio returns is split into two parts i.e. the in-sample fit and the out-sample fit of the 

ten portfolio returns volatilities. For the in-sample fit performance, ten years sample period is 

selected i.e. from July 1998 to June 2009 and for the out-sample fit forecasting performance, 

two years of the sample period July 2009 to June 2011 is selected to estimate and analyze the 

empirical results based on the MAPE, MAE, Theil In equality and MSE forecasting 

measures.  

Based on the specific-to-general approach employed in the ARMA (1, 0)-

EGARCH(1,1)-M model, the estimation results of the model have considered the general 

approach superior over the specific approach. The findings indicate that all of the low beta 

portfolio returns volatilities show the significant in-sample forecasting measures with the 

lower values except for the mean absolute percentage error (MAPE) and the total value of all 

the proportional measures of MAE being equal to 1. Likewise, the out-sample fit forecasting 

performances of all the low beta portfolio returns volatilities are also significant thereby 

emphasizing on the long-run predictability of the variances of the low beta portfolio returns 

respectively. The in-sample fit forecasting measures and the out-sample fit forecasting 

measures of high-beta portfolio returns indicate that the high-beta portfolio returns are more 

volatile and sensitive to the news or the surprises respectively.  

Lastly, the findings of the portfolio returns volatility spillover indicate the significant 

asymmetric volatility spillover effect from the most risky portfolio returns 1 to the least risky 

portfolio returns 10 but find the asymmetric volatility spillover insignificant from the least 

risky portfolio returns 10 to the most risky portfolio returns 1. The volatility spillover from 
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the portfolio returns 1 to market return tends to be significant but the asymmetry is found to 

be insignificant whereas the asymmetry from the market return to the portfolio returns is 

significant but the volatility spillover is found to insignificant from the market return to the 

portfolio returns 1. The portfolio returns 1 and the foreign exchange rate of return tend to 

have the significant interdependence on one another. The asymmetric volatility spillover from 

the portfolio returns 1 to the foreign exchange reserve return tend to be insignificant whereas 

the volatility spillover from the foreign exchange reserve returns tends to be insignificant to 

the portfolio returns 1. The portfolio returns 1 and the oil return tend to have significant 

asymmetric volatility spillover effect on one another. The volatility spillover from the 

portfolio returns 1 to the gold return tend have significant spillover effect but no asymmetry 

but find insignificant asymmetric volatility spillover from the gold return to the portfolio 

returns 1 respectively. 

The volatility spillover effect from the portfolio returns 10 to the market return is 

significant and the asymmetry is found to be insignificant whereas the asymmetric volatility 

spillover effect between the portfolio returns 10 and the market is found to be insignificant 

respectively. The volatility spillover effect from the portfolio returns 10 to the foreign 

exchange rate of return is significant but asymmetry is found to be insignificant whereas the 

significant asymmetric volatility spillover effect is found between the portfolio returns 10 and 

the foreign exchange rate of return. The similar results are found for the volatility spillover 

between the portfolio returns 10 and the foreign exchange reserve return as of the foreign 

exchange rate of return respectively. The volatility spillover effect from the portfolio returns 

10 to the oil return is significant but asymmetry is found to be insignificant whereas the 

significant asymmetric volatility spillover effect is found between the portfolio returns 10 and 

the oil return respectively. The insignificant volatility spillover effect is found between the 

portfolio returns 10 and the gold return respectively.  
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The findings of the present research study significantly support all of the research 

objectives undertaken in the present study. The portfolio construction is one of the best tools 

for investment for the investors to analyze the volatility clustering property of investing in the 

high/low beta portfolios. The study supports the ARMA models in its efficiency in capturing 

the stylized facts of volatility clustering and the leverage effect in the portfolio stock return 

volatilities by one of the ARMA (1, 0)-EGARCH(1,1)-M model respectively. Also, it has 

become evident from the empirical results that high beta portfolio investors demand more 

risk premium as compared to the low risk takers because of their exposure to the seasonal and 

cyclical events/surprises/shocks. 

The general approach is the best approach to account for the persistence of volatility 

in lines with the work of Aggarwal (1999) when volume portfolio, economic variables, 

deterministic events and the stochastic change points are incorporated in the conditional 

variance equation of the ARMA (1, 0)-EGARCH(1,1)-M model.  

Since stock returns are predictable in nature, therefore the in-sample fit and out-

sample fit forecasting performances of the low-beta portfolio are superior to the high beta 

portfolios because of the strong predictability power of the less volatile stocks relative to the 

high volatile stocks. Also, there exists volatility spillover between the highest-beta portfolio 

returns and the lowest-beta portfolio returns as well as between the highest-lowest portfolio 

returns and the economic variables respectively. 

Conclusively, the present study has contributed in the Pakistani Literature in several 

ways. First, the current return volatility is extensively researched at the firm level in Pakistan 

but the forecasting behavior of the portfolio returns volatilities is not addressed in the 

Pakistani market which has been addressed in this study. Second, to hedge against risk, the 

investors’ focal concern is to invest in a portfolio of assets with the motive to diversify their 
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risk. Thus, this study has attempted to construct the beta sorted portfolios of the listed stocks 

of the KSE to further analyze the relationship of high-beta portfolio returns volatility 

behavior and the low-beta portfolio returns volatility behavior. Third, as mentioned above the 

GARCH family of models best captures the volatility behavior therefore this study has 

employed the univariate generalized ARCH models both symmetric and asymmetric  with the 

view to examine that bad and good news have same impact on volatility or not.   Fourth, 

because the investors consider stock returns volatility as risk therefore, the present study has 

examined whether the investors are getting reward for facing volatility estimated risk by 

applying ARCH-in Mean Models. Fifth, the study applies specific to general model to 

estimate volatility by incorporating financial variables (volume portfolio); economic 

variables (gold prices, oil prices, foreign exchange rate, foreign reserves and market returns); 

deterministic shocks and stochastic shocks respectively. Sixth, the study evaluates the in-

sample and the out-sample forecasting performance of the portfolio returns volatilities and 

assess the superior model that estimates and forecasts portfolio returns volatilities. Seventh, 

the volatility spillover effect between the high/low beta portfolio returns volatilities is 

examined and finally also the spillover effect between the high/low beta portfolio returns and 

the economic variables are investigated respectively. 

Policy Implications 

This research study facilitates the finance practitioners, the institutional investors and 

the portfolio managers in the Pakistani financial markets about the volatility behavior of the 

high/low beta portfolios returns volatilities. Pakistan, being one of the emerging markets of 

the world is sensitive to the environmental shocks and observes volatility in its capital 

markets. Based on the discussion presented in the present study, the fluctuating movements 

of KSE share index and the KSE 100 index in Karachi stock exchange, the abrupt increase 

and decrease in the turnover of shares and the bullish and bearish trends of the economic 



ANALYSIS OF VOLATILITY OF PORTFOLIO RETURNS: EVIDENCE FROM PAKISTANI STOCK MARKET             200 
 

  

factors provides evidence of volatility in the Pakistani stock market for the time period of 

July 1998- June 2011. Therefore, this study tend to be a comprehensive academic study that 

engulfs in itself all of the major and potential factors that may influence the portfolios stock 

return volatilities and help in the predictability of the high/low beta portfolios. As the beta 

portfolios are the primary demand for the risk averse investors as well as the risk seekers to 

hedge their risk in the combination of assets therefore firstly, this study may help Karachi 

stock exchange (KSE) and the securities and exchange commission of Pakistan (SECP) in 

bringing the trading efficiency in the financial markets of Pakistan through portfolio 

construction and risk management. Secondly, this study empirically demonstrates portfolios 

return volatilities as the barometer of the stock market for investment decisions for investors 

and market participants and most importantly for economic policy makers and the Securities 

and Exchange Commission of Pakistan. Thirdly, this study also helps to investigate the 

robustness of one of the generalized ARCH-M models to assess and evaluate the in-sample fit 

and out-sample fit forecasting performance of the portfolio return volatilities that could be 

useful for investors and macro-economic policy makers for portfolio construction, security 

valuation and risk management. Also, the present study significantly assess the volatility 

spillover effect between the high/low beta portfolio returns and the four of the economic 

variables that could be beneficial and helpful for the macro-economic policy makers and the 

Securities and Exchange Commission of Pakistan to develop sound regulations for modern 

corporate sector and efficient capital market to foster investment and economic growth in 

Pakistan. 
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Future Extensions of the Study 

 The present research study can be extended for future research in many ways; 

1) The portfolios returns volatilities can be studied on the portfolios sorted on size 

(market capitalization). 

2) The portfolio returns volatilities can also be tested by the other volatility models such 

as the exponential weighted average models, the stochastic volatility models and the 

fractionally integrated volatility models respectively. 

3) The portfolio returns volatilities can also be studied on the industry indices 

respectively. 
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APPENDIX A 
 
 

Names of the financial and Non-financial Stocks, Symbols and the Year of listings 
 

Sr.no Company Name Symbol Listing Year 

 

1. Agriautos Industries Ltd 

 

AGIL 

 

1984 

 
2. 

 

General Tyre & Rubber Co of Pakistan Ltd 

 

GTYR 

 

1982 

 
3. 

 

Honda Atlas Cars Ltd 

 

HCAR 

 

1994 

 
4. 

 

Indus Motor Co Ltd 

 

INDU 

 

1992 
 

5. 
 

Pak Suzuki Motors Co Ltd 

 

PSMC 

 

1985 
 

6. 
 

Bank Al-Habib Ltd 

 

BAHL 

 

1992 
 

7. 
 

Askari Commercial Bank Ltd 

 

AKBL 

 

1992 
 

8. 
 

The Bank of Punjab Ltd 

 

BOP 

 

1991 
 

9. 
 

Faysal Bank Ltd 

 

FABL 

 

1995 
 

10. 
 

Habib Metropolitan Bank Ltd 

 

HMB 

 

1992 
 

11. 
 

MCB Bank (Muslim Commercial Bank Ltd) 

 

MCB 

 

1992 
 

12. 
 

Soneri Bank Ltd (R) 

 

SNBL 

 

1992 
 

13. 
 

Cherat Cement Co Ltd 

 

CHCC 

 

1985 
 

14. 
 

D.G. Khan Cement Co Ltd 

 

DGKC 

 

1992 
 

15. 
 

Dadabhoy Cement Industries Ltd 

 

DBCI 

 

1992 
 

16. 
 

Dandot Cement Co Ltd 

 

DNCC 

 

1989 
 

17. 
 

Fauji Cement Co Ltd 

 

FCCL 

 

1996 
 

18. 
 

Fecto Cement Industrial Ltd 

 

FECTC 

 

1993 
 

19. 
 

Lafarge Pakistan Cement Ltd. 

 

LPCL 

 

1995 
 

20. 
 

Lucky Cement Ltd 

 

LUCK 

 

1995 

(Continued) 
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Appendix A( Continued) 

 
21. 

 

Maple Leaf Cement Factory Ltd 

 

MLCF 

 

1994 
 

22. 
 

Pioneer Cement Ltd 

 

PIOC 

 

1986 
 

23. 
 

Genertech Pakistan Ltd 

 

GENP 

 

1994 
 

24. 
 

Hub Power Co Ltd 

 

HUBC 

 

1993 
 

25. 
 

Japan Power Generation Ltd 

 

JPGL 

 

1996 
 

26. 
 

Karachi Electric Supply Company Ltd 

 

KESC 

 

1949 
 

27. 
 

Kohinoor Energy Ltd 

 

KOHE 

 

1996 
 

28. 
 

Sitara Energy Ltd 

 

SEL 

 

1995 
 

29. 
 

Southern Electric Power Co Ltd 

 

SEPCO 

 

1996 
 

30. 
 

Tri-Star Power Co Ltd 

 

TSPL 

 

1994 
 

31. 
 

Fidelity Leasing Modaraba Ist 

 

FFLM 

 

1992 
 

32. 
 

Modaraba Al-Mali 

 

MODAM 

 

1987 
 

33. 
 

B.R.R. Guardian Modaraba 

 

BRR 

 

1985 
 

34. 
 

Equity Modaraba Ist 

 

FEM 

 

1992 
 

35. 
 

Golden Arrow Selected Stocks Fund Ltd 

 

GASF 

 

1983 
 

36. 
 

Habib Bank Modaraba Ist 

 

FHBM 

 

1991 
 

37. 
 

Habib Modaraba Ist 

 

FHAM 

 

1985 
 

38. 
 

Pak Modaraba Ist 

 

PAKMI 

 

1991 
 

39. 
 

Prudential Modaraba I 

 

PMI 

 

1990 
 

40. 
 

Punjab Modaraba Ist 

 

FPJM 

 

1993 
 

41. 
 

Trust Modaraba 

 

TRSM 

 

1991 
 

42. 
 

Century Paper & Board Mills Ltd 

 

CEPB 

 

1990 
 

43. 
 

Sui Northern Gas Pipelines Co Ltd 

 

SNGP 

 

1964 
 

44. 
 

Sui Southern Gas Pipeline Co Ltd 

 

SSGC 

 

1956 

(Continued) 
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Appendix A( Continued) 

 
45. 

 

Cherat Papersack Ltd 

 

CPPL 

 

1989 
 

46. 
 

Ghani Glass Ltd 

 

GHGL 

 

1992 
 

47. 
 

TRI PACK FILMS 

 

TRIPF 

 

1995 
 

48. 
 

Pak Elektron Ltd 

 

PAEL 

 

1988 
 

49. 
 

Al-Ghazi Tractors Ltd 

 

AGTL 

 

1985 
 

50. 
 

Millat Tractors Ltd 

 

MTL 

 

1965 
 

51. 
 

Crescent Steel & Allied Products Ltd 

 

CSAP 

 

1996 
 

52. 
 

Huffaz Seamless Pipe Industries Ltd 

 

HSPI 

 

1986 
 

53. 
 

Pakistan National Shipping Corp Ltd 

 

PNSC 

 

1980 
 

54. 
 

EFU Life Assurance Ltd 

 

EFUL 

 

1995 
 

55. 
 

Mari Gas Co Ltd 

 

MARI 

 

1994 
 

56. 
 

National Refinery Ltd 

 

NRL 

 

1964 
 

57. 
 

Pakistan State Oil Co Ltd 

 

PSO 

 

1978 
 

58. 
 

Pakistan Refinery Ltd 

 

PRL 

 

1960 
 

59. 
 

Shell Pakistan Ltd 

 

SHEL 

 

1970 
 

60. 
 

Crescent Textile Mills Ltd 

CRTM  

1951 
 

61. 
Gadoon Textile Mills Ltd  

GADT 

 

1994 
 

62. 
 

Ibrahim Fibers Ltd 

 

IBFL 

 

1995 
 

63. 
 

Idrees Textile Mills Ltd 

 

IDRT 

 

1992 
 

64. 
 

Kohinoor Textile Mills Ltd 

 

KTML 

 

1971 
 

65. 
 

Kohinoor Industries Ltd 

 

KOIL 

 

1957 
 

66. 
 

Nishat (Chunian) Ltd 

 

NCL 

 

1991 
 

67. 
 

Nishat Mills Ltd 

 

NML 

 

1961 

(Continued) 
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Appendix A( Continued) 

 
68. 

 

Pakistan Synthetics Ltd 

 

PSYL 

 

1990 
 

69. 
 

Reliance Weaving Mills Ltd 

 

REWM 

 

1992 
 

70. 
 

Saif Textile Mills Ltd 

 

SAIF 

 

1992 
 

71. 
 

Samin Textile Mills Ltd 

 

SMTM 

 

1994 
 

72. 
 

Taj Textile Mills Ltd 

 

TAJT 

 

1989 
 

73. 
 

highnoon lab 

 

HINOON 

 

1995 
 

74. 
 

OTKUSU 

 

OTSU 

 

1989 
 

75. 
 

Searle pak 

 

SEARL 

 

1970 
 

76. 
 

Pakistan tobacco 

 

PAKT 

 

1956 
 

77. 
 

piaa 

 

PIAA 

 

1973 
 

78. 
 

Biafo Industries Ltd 

 

BIFO 

 

1994 
 

79. 
 

BOC (Pakistan) Ltd 

 

BOC 

 

1979 
 

80. 
 

Dawood Hercules Chemicals Ltd 

 

DAWH 

 

1971 
 

81. 
 

Dewan Salman Fiber Ltd 

 

DSFL 

 

1991 
 

82. 
 

Engro Corporation Limited 

 

ENGRO 

 

1968 
 

83. 
 

Fauji Fertilizer Co Ltd 

 

FFC 

 

1992 
 

84. 
 

ICI Pakistan Ltd 

 

ICI 

 

1957 
 

85. 
 

Sitara Chemicals Industries Ltd 

 

SITC 

 

1987 
 

86. 
 

IGI Investment Bank Ltd 

 

IGIBL 

 

1990 
 

87. 
 

Standard Chartered Leasing Limited 

 

SCLL 

 

1994 
 

88. 
 

Pak Datacom Ltd 

 

PAKD 

 

1995 
 

89. 
 

Pakistan Telecommunication Ltd (A) 

 

PTC 

 

1996 
 

90. 
 

Telecard Ltd 

 

TELE 

 

1995 

(Continued) 
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Appendix A( Continued) 

 
91. 

 

Al-Abbas Sugar Mills Ltd 

 

AABS 

 

1992 
 

92. 
 

Chashma Sugar Mills Ltd 

 

CHAS 

 

1991 
 

93. 
 

Haseeb Waqas Sugar Mills Ltd 

 

HWQS 

 

1994 
 

94. 
 

Habib ADM Ltd 

 

HAL 

 

1982 
 

95. 
 

Nestle Pakistan 

 

NESTLE 

 

1980 
 

96. 
 

Quice Food Industries Ltd 

 

QUICE 

 

1994 
 

97. 
 

Unilever Pakistan Ltd 

 

ULEVER 

 

1980 
 

98. 
 

Adamjee Insurance Co Ltd 

 

AICL 

 

1961 

 
99. 

 

Askari General Insurance Co Ltd 

 

AGIC 

 

1996 
 

100. 
 

EFU General Insurance Co Ltd 

 

EFUG 

 

1949 
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APPENDIX B 

 

Change Points Explanation of the Portfolios Returns 2, Portfolios Returns 3, 

Portfolios Returns 4, Portfolios Returns 5, Portfolios Returns 6, Portfolios Returns 7, 

Portfolios Returns 8,  and Portfolios Returns 9 

The 5 change points are located in the unconditional variance of the 2nd portfolio 

return series.  The first shock is observed in the year 2000 in the month of May when the 

transaction settlement days (T+3) was introduced by the Karachi Stock Exchange and the 

trading declined.  The second shock is observed in the year 4th month of the year 2004 with a 

mean value of 1.11 and standard deviation of 19.02 respectively where no major event took 

place in the Karachi Stock Exchange and the market behaved normal. The 3rd stochastic shift 

is observed in the year 2008 in the month of November due to the global financial crisis with 

the mean value of -0.22 and the standard deviation of 13.95 when the KSE showed some 

bearish trend in trading. The 4th shock has occurred in the month of December of the year 

2008 when the floor of the stock prices was removed to control the sharp fall in prices due to 

which the downward trend was seen in the stock market. The last shock of the portfolio 

return series is observed in the 4th month of the year 2009 due to the political crisis of Long 

March and Judges restoration issue where the bullish trend was observed in the stock market.   

The portfolio return 3 has observed the 1ststochastic  point in the year 1999 where the 

bearish trend was seen in the trading activity of the stock market due to the Kargil mission 

tension India and Pakistan. As also captured in the stock return portfolio 2, this portfolio 

return has also observed the shock in the year 2000 in the month of June due to the 

introduction of transaction settlement days with the mean value of -0.72 and the standard 

deviation value of 29.09 respectively. Another shift is captured in the year 2002 in the month 
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of May when the KSE index fell by 1798.45 levels due to an attack on French citizens in 

Karachi. Another three shocks are seen in the year 2008 due to various events such as 

resignation of ex-President Pervez Musharraf in the month of August, the global financial 

crisis in the month of December and the removal of the floor of the stock prices in the month 

of December respectively. The last stochastic shift of this portfolio is seen in the year 2009 

because of the political crisis of Judges restoration in the month of April where the trading 

activity showed the bullish trend in the economic activity as well as the stock market 

Considering the portfolio return 4, 10 structural shifts are identified by the ICSS 

algorithm in the unconditional variance of the return series.  The first shift is located in the 

year 2000 due to the introduction of transaction settlement days with the mean value of 4.48 

and the standard deviation value of 28.94 respectively.    Another shift is captured in the year 

2002 in the month of May when the KSE index fell by 1798.45 levels due to an attack on 

French citizens in Karachi with the mean value of -1.96 and the standard deviation of 53.50 

respectively. The stochastic shift located in the year 2006 provides evidence of the little 

downward trend in the stock market due to modification of capital value tax and the 

introduction of the universal identification numbers with the significant mean value of 0.70 

and the standard deviation of 16.06 respectively. The three stochastic shifts at different points 

are observed in the year 2008 such as the resignation of ex-President Pervez Musharraf in the 

month of August, the global financial crisis in the month of December and the removal of the 

floor of the stock prices in the month of December with the mean values of -0.11, -0.66 and -

0.11 respectively thereby indicating the downward trend of the trading activity in the stock 

market. The beginning of the year 2009 showed some bearish trend in the stock market with 

the mean value of -13.08 but immediately rose after the restoration of the judges in the month 

of April with the significant mean value of 0.47 respectively. The last change point located in 
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the year 2010 again observes the downward trend in the stock market with the mean value of 

-0.31 and the standard deviation of 11.27 respectively.  

The portfolio return 5 identifies 9 stochastic shifts in the unconditional variance of the 

return series. The 1st shift is observed in the year 2000 due to the introduction of transaction 

settlement days with the mean value of -0.21 and the standard deviation of 17.79and the 2nd 

shift is located in the year 2001 with the mean value of -0.44 and the standard deviation of 

11.01 which indicates the bearish trend in the trading activity. Another shift is located in the 

year 2002 where the KSE index fell due to an attack on French citizens in Karachi. The year 

2003 and year 2004 shows significant mean values of 1.61 and 1.57 and the standard 

deviation values of 9.28 and 14.37 thereby providing evidence of stability in the stock market 

activity. Some bearish trend is observed in the year 2005 in the early and the middle part of 

the year due to the excessive buying in the ready market and the withdrawal of funds by the 

commitment of traders (COT) financiers with respective mean values of -0.11 and -0.09. The 

last two shifts are captured in the year 2008 and 2009 when the ex-President Pervez 

Musharraf resigned and the judges were restored where the former shift has shown a 

downward trend in the trading activity and the latter has indicated the upward trend in the 

stock market performance. 

The beta portfolio 6 has observed 15 stochastic shifts in the unconditional variance of 

the return series. The 1st shift is observed in the year of the nuclear test conducted by Pakistan 

in the month of November in the year 1998 with the mean value of 0.59 and the standard 

deviation of 21.38 respectively. The 2nd shift is captured in the year 1999 where the bearish 

trend was seen in the trading activity of the stock market due to the Kargil mission tension 

India and Pakistan. Another two shifts are observed in the year 2000 and 2002 where the 

former shift is observed due to the transaction settlement days (T+3) and the later stochastic 

shift is observed due to an attack on the French citizens in Karachi with the means values of 
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1.27 and -0.38 respectively. The point located in the year 2003 indicates stability in the 

trading activity with the respective mean value of 6.71 and the standard deviation of 33.78. 

Some bearish trend is observed in the year 2005 in the earlier part of the year due to the 

excessive buying in the ready market and the withdrawal of funds by the commitment of 

traders (COT) financiers with respective mean values of 0.72. The stochastic shift located in 

the year 2006 provides evidence of the little downward trend in the stock market due to 

modification of capital value tax and the introduction of the universal identification numbers 

with the significant mean value of 0.51 and the standard deviation of 12.38 respectively. The 

year 2007 faced some bearish trends in the trading activity due to the state of emergency 

chaos with the respective mean value of -0.68. The three stochastic shifts at different points 

are observed in the year 2008 such as the resignation of ex-President Pervez Musharraf in the 

month of August, the global financial crisis in the month of December and the removal of the 

floor of the stock prices in the month of December with the mean values of -8.5, -1.2 and -1.4 

respectively thereby indicating the downward trend of the trading activity in the stock market. 

The beginning of the year 2009 showed some bearish trend in the stock market with the mean 

value of -4.63 but immediately rose after the restoration of the judges in the month of April 

with the significant mean value of 0.70 respectively. The last change point located in the year 

2010 again observes the downward trend in the stock market with the mean value of -2.63 

and the standard deviation of 21.25 respectively.  

The ICSS algorithm has located 10 structural shifts in the unconditional variance of 

the return portfolio 7. The 1st shift is captured in the year 1999 observing a bearish trend in 

the trading activity of the stock market due to the Kargil mission tension India and Pakistan 

with the respective mean value of 2.06. The 2nd downward shift is observed in the trading 

activity in the year 2000 due to the introduction of transaction settlement days (T+3) with the 

mean value of 0.39 and the standard deviation of 23.81 respectively. The 3rd and 4th stochastic 
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shifts are located in the year 2001 with the respective mean values of -0.72 and 2.08 due to 

the orders for the change in the articles of association of Karachi stock exchange issued by 

securities and exchange commission (SECP) of Pakistan and the negative report given by 

Merrill Lynch that showed that Pakistan was not able to abide by the stand-by agreement 

(SBA) with international monetary fund (IMF). The point located in the year 2003 indicates 

stability in the trading activity with the respective mean value of 1.01 and the standard 

deviation of 17.17. Some bearish trend is observed in the year 2005 in the early part of the 

respective year due to the excessive buying in the ready market with mean value of 0.94. The 

disturbed law and order situation in the country, international financial crisis the political 

uncertainty and the poor credit rating by Standard and Poor’s and Moody’s triggered the 

Karachi stock exchange with a negative trend in the year 2007 with the mean value of -0.92 

in the month of December. The two stochastic shifts at different points are observed in the 

year 2008 such as  the global financial crisis in the month of December and the removal of 

the floor of the stock prices in the month of December with the mean values of -2.68, 0.13 

respectively thereby indicating the downward trend of the trading activity in the stock market. 

The beginning of the year 2009 showed some bearish trend in the stock market but 

immediately rose after the restoration of the judges in the month of April with the significant 

mean value of 0.11 respectively. 

The return portfolio 8 has 7 stochastic change points respectively. The 1st downward 

shift is seen in the trading activity in the year 2000 due to the introduction of transaction 

settlement days (T+3) with the mean value of 0.76 and the standard deviation of 24.68 

respectively. The point located in the year 2003 indicates stability in the trading activity with 

the respective mean value of 0.98 and the standard deviation of 16.15. The disturbed law and 

order situation in the country, international financial crisis the political uncertainty and the 

poor credit rating by Standard and Poor’s and Moody’s triggered the Karachi stock exchange 
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with a negative trend in the year 2007 as been shown by the 3rd stochastic point. Another 

stochastic shift is observed in the year 2008 of the global financial crisis in the month of 

December with the respective mean value of -2.18 indicating a downward trend of the trading 

activity in the stock market. The beginning of the year 2009 showed some bearish trend in the 

stock market but immediately rose after the restoration of the judges in the later part of the 

respective year with the significant mean values of 0.51, 0.19 and 1.50 respectively. The last 

change point located in the year 2010 again observed the downward trend in the stock market 

with the mean value of -2.71 and the standard deviation of 22.85 respectively.  

The ICSS algorithm has located 10 stochastic points in the unconditional variance of 

the portfolio return 9. The 1st three shifts are observed in the year 2000 and 2002 where the 

former two shifts are observed due to the transaction settlement days (T+3) and exchange rate 

depreciation and the later stochastic shift is observed due to an attack on the French citizens 

in Karachi with the means values of 0.56, -0.84 and 0.89 respectively. The point located in 

the year 2003 indicates stability in the trading activity with the respective mean value of 0.77 

and the standard deviation of 18.22. Some bearish trends are observed in the earlier parts of 

the respective year 2005 due to the excessive buying in the ready market and the withdrawal 

of funds by the commitment of traders (COT) financiers with respective mean values of 1.35 

and -0.57 respectively. The stochastic shift located in the year 2006 provides evidence of the 

little downward trend in the stock market due to modification of capital value tax and the 

introduction of the universal identification numbers with the significant mean value of 0.25 

and the standard deviation of 16.43 respectively. The three stochastic shifts at different points 

are observed in the year 2008 such as the resignation of ex-President Pervez Musharraf in the 

month of August, the global financial crisis in the month of December and the removal of the 

floor of the stock prices in the month of December with the respective mean values of -4.21, -

2.09 and -0.54.  
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APPENDIX C-1 

Unit Root Test of the Closing Prices of Stocks 

 

FIRMS                                       ADF TEST                                               PP TEST 

 Level 1st diff Level 1st diff 

AABS -0.503 -56.34* -0.46 -47.23* 

AGIC -1.466 -51.85* -1.46 -51.84* 

AGIL -1.29 -47.27* -1.24 -47.27* 

AGTL -1.44 -50.31* -1.45 -50.28* 

AICL -1.57 -42.10* -1.50 -42.02* 

AKBL -1.31 -48.34* -1.27 -48.25* 

BAHL -1.64 -48.48* -1.53 -48.41* 

BIFO -1.11 -32.33* -0.98 -46.21* 

BOP -1.34 -50.23* -1.37 -50.24* 

BRR -1.01 -35.78* -1.04 -64.57* 

CEPB -1.31 -51.17* -1.27 -51.02* 

CHAS -1.90 -45.93* -1.91 -45.99* 

CHCC -1.39 -50.87* -1.44 -50.92* 

CPPL -1.70 -33.06* -1.77 -48.58* 

CRTM -2.19 -35.52* -2.22 -48.01* 

CSAP -1.42 -50.25* -1.44 -50.23* 

DAWH -1.58 -48.71* -1.84 -49.70 

DBCI -3.02 -54.51* -2.57 -55.65* 

DGKC -1.33 -47.58* -1.34 -47.58* 

DNCC -1.76 -49.49 -1.82 -49.51 

DSFL -2.64 -25.88* -2.21 -55.12* 

EFUG -2.05 -19.42* -2.21 -45.75* 

EFUL -1.67 -23.43* -1.65 -44.59 

ENGRO -1.60 -47.14* -1.52 -46.94* 

FABL -1.11 -26.17* -1.06 -46.76* 

FCCL -1.83 -30.40* -1.79 -46.79 

(Continued) 
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Continued(Appendix C1) 

FECTC -1.31 -46.33* -1.37 -46.55* 

FEM -1.41 -48.23* -1.44 -48.28* 

FFC -1.59 -37.69* -1.48 -50.99* 

FFLM -2.01 -32.05* -2.08 -73.91* 

FHAM -1.99 -45.03* -2.47 -64.78 

FHBM -1.61 -60.84* -1.66 -61.13* 

FPJM -1.30 -57.32* -1.18 -58.14* 

GADT -1.59 -53.09* -1.57 -53.08* 

GASF -2.28 -55.61* -2.28 -55.69* 

GENP -1.53 -41.27* -1.55 -59.52 

GHGL -1.91 -46.83* -1.75 -46.79* 

GTYR -3.39 -50.82* -3.63 -50.82* 

HAL -2.50 -52.08* -2.64 -52.09* 

HCAR -2.08 -23.66* -2.06 -44.46* 

HINOON -1.32 -37.12* -1.29 -47.60* 

HMB -1.64 -50.29* -1.57 -50.37* 

HSPI -1.27 -55.50* -1.30 -50.55* 

HUBC -2.43 -49.55* -2.51 -49.52* 

HWQS -0.96 -32.99* -0.95 -48.77* 

IBFL -1.71 -54.19* -1.66 -54.27* 

ICI -1.23 -44.81* -1.27 -45.11* 

IDRT -2.59 -58.78* -2.27 -61.53* 

IGIBL -2.10 -53.93* -1.79 -54.46* 

INDU -1.22 -44.08* -1.22 -44.07* 

JPGL -3.22 -50.93* -3.13 -51.03* 

KESC -2.88 -21.36* -2.75 -50.93* 

KOHE -1.77 -56.93* -1.74 -57.42* 

KOIL -1.53 -54.25* -1.48 -54.27* 

KTML -1.26 -50.81* -1.23 -50.82* 

LINDE -2.41 -33.38* -2.43 -48.32* 

LPCL -1.52 -37.72* -1.39 -48.67* 

(Continued) 
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Continued(Appendix C1) 

LUCK -1.25 -45.59* -1.21 -45.62* 

MARI -1.63 -38.27 -1.51 -37.91* 

MCB -1.28 -42.55* -1.24 -42.20* 

MLCF -1.26 -48.06* -1.27 -48.11* 

MODAM -1.85 -42.09* -1.94 -61.93* 

MTL -1.79 -48.09* -1.71 -47.96* 

NCL -1.71 -50.06* -1.81 -50.06* 

NESTLE -0.81 -27.98* -0.77 -52.32* 

NML -1.58 -43.19* -1.54 -43.22* 

NRL -1.43 -47.79* -1.38 -47.64* 

OTSU -1.39 -46.54* -1.46 -46.98* 

PAEL -1.43 -47.29* -1.42 -47.39* 

PAKD -1.20 -47.62* -1.14 -47.49* 

PAKMI -2.30 -37.32* -2.67 -65.96* 

PAKT -1.24 -45.57* -1.29 -45.86* 

PIAA -1.74 -51.27* -1.73 -51.27* 

PIOC -1.48 -42.51* -1.48 -42.69* 

PMI -3.69 -24.85* -2.59 -45.42* 

PNSC -1.52 -41.62* -1.52 -41.48* 

PRL -1.55 -42.59* -1.63 -43.20* 

PSMC -1.02 -28.43* -1.13 -45.88* 

PSO -1.79 -49.66* -1.82 -49.64* 

PSYL -2.06 -60.81* -1.99 -61.57* 

PTC -1.53 -49.27* -1.60 -49.27* 

QUICE -3.98 -56.63* -3.98 -56.63* 

REWM -2.02 -47.26* -2.09 -47.51* 

SAIF -1.50 -51.59* -1.54 -51.59* 

SCLL -1.74 -54.53* -1.61 -54.69* 

SEARL -1.69 -47.64* -1.74 -47.97* 

SEL -2.45 -52.62* -2.51 -52.63* 

SEPCO -1.91 -53.79* -1.77 -53.97* 

(Continued) 
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Continued(Appendix C1) 

SHEL -1.89 -49.57* -1.98 -49.58* 

SITC -1.18 -47.27* -1.18 -47.33* 

SMTM -1.43 -44.48* -1.49 -44.72* 

SNBL -1.68 -46.76* -1.44 -46.59* 

SNGP -1.48 -46.89* -1.47 -46.95* 

SSGC -2.12 -48.12* -2.02 -47.99* 

TAJT -1.11 -31.11* -2.59 -62.44* 

TELE -2.27 -32.88* -2.38 -46.13* 

TRIPF -1.46 -24.67* -1.43 -45.41* 

TRSM -3.13 -28.98* -3.95 -66.79* 

TSPL -3.73 -34.81* -3.97 -55.26* 

ULEVER -0.99 -61.84* -0.95 -62.57* 

 

Note: Unit Root test conducted on level at trend and on 1st difference at trend and intercept. 
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APPENDIX C-2 

 

UNIT ROOT TEST OF THE TURNOVER OF SHARES  

FIRMS ADF TEST PP TEST 

 Level 1st diff Level 1st diff 

AABS -1.503 -76.34* -1.56 -76.23* 

AGIC -2.566 -61.85* -1.74 -61.74* 

AGIL -1.79 -74.27* -1.42 -74.27* 

AGTL -1.55 -80.31* -1.55 -80.28* 

AICL -1.75 -74.10* -1.75 -74.02* 

AKBL -1.73 -84.34* -1.73 -84.25* 

BAHL -1.46 -64.48* -1.44 -64.48* 

BIFO -1.17 -71.31* -1.18 -71.21* 

BOP -1.43 -60.23* -1.41 -60.24* 

BRR -1.10 -35.78* -1.07 -44.57* 

CEPB -1.12 -41.17* -1.17 -41.02* 

CHAS -1.03 -54.93* -1.53 -54.99* 

CHCC -1.93 -60.87* -1.54 -50.92* 

CPPL -1.07 -54.06* -1.17 -54.58* 

CRTM -1.19 -53.52* -1.22 -48.01* 

CSAP -1.24 -50.25* -1.26 -50.23* 

DAWH -1.85 -84.71* -1.84 -94.70 

DBCI -1.02 -45.51* -1.57 -45.65* 

DGKC -1.55 -47.58* -1.54 -47.58* 

DNCC -1.67 -52.49 -1.65 -53.51 

DSFL -1.64 -52.88* -2.21 -57.12* 

EFUG -2.05 -20.42* -2.21 -25.75* 

EFUL -1.87 -32.43* -1.85 -34.59 

ENGRO -1.80 -49.14* -1.82 -46.94* 

FABL -1.15 -62.17* -1.76 -64.76* 

FCCL -1.93 -37.40* -1.99 -35.79* 

(Continued) 
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FECTC -1.37 -43.33* -1.39 -47.55* 

FEM -1.71 -49.23* -1.74 -49.28* 

FFC -1.95 -73.69* -1.84 -70.99* 

FFLM -2.09 -23.05* -3.08 -37.91* 

FHAM -2.00 -54.03* -2.49 -64.87 

FHBM -1.81 -60.48* -1.76 -64.31* 

FPJM -1.47 -59.32* -1.50 -59.14* 

GADT -1.95 -59.01* -1.75 -59.08* 

GASF -2.82 -56.71* -2.95 -57.69* 

GENP -1.59 -44.27* -1.65 -60.52 

GHGL -1.89 -64.83* -1.97 -64.79* 

GTYR -2.39 -58.82* -2.63 -60.82* 

HAL -2.75 -54.08* -2.46 -54.09* 

HCAR -2.80 -27.66* -2.60 -24.46* 

HINOON -1.23 -39.12* -1.92 -49.60* 

HMB -1.67 -52.29* -1.59 -53.37* 

HSPI -1.72 -59.50* -1.17 -53.55* 

HUBC -2.49 -94.55* -2.71 -94.52* 

HWQS -2.96 -23.99* -2.95 -29.77* 

IBFL -1.91 -45.19* -1.69 -45.27* 

ICI -1.32 -45.81* -1.72 -49.11* 

IDRT -2.79 -59.78* -2.72 -61.35* 

IGIBL -2.17 -57.93* -1.97 -57.46* 

INDU -1.29 -47.08* -1.27 -47.07* 

JPGL -2.22 -55.93* -2.13 -54.03* 

KESC -2.78 -26.36* -2.95 -20.93* 

KOHE -1.97 -52.93* -1.94 -54.42* 

KOIL -1.73 -51.25* -1.98 -53.27* 

KTML -1.62 -57.81* -1.73 -57.82* 

LINDE -2.14 -37.38* -2.13 -39.32* 

LPCL -1.25 -39.72* -1.27 -40.67* 

(Continued) 
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LUCK -1.52 -54.59* -1.27 -75.62* 

MARI -1.36 -39.27 -1.15 -40.91* 

MCB -1.29 -44.55* -1.42 -42.20* 

MLCF -2.26 -50.06* -1.72 -52.11* 

MODAM -1.89 -44.09* -1.97 -65.93* 

MTL -1.97 -50.09* -1.77 -49.96* 

NCL -1.17 -47.06* -1.18 -50.06* 

NESTLE -1.71 -47.98* -1.75 -52.32* 

NML -1.68 -47.19* -1.64 -49.22* 

NRL -1.49 -49.79* -1.50 -49.64* 

OTSU -1.93 -44.54* -1.64 -49.98* 

PAEL -1.34 -24.29* -1.24 -45.39* 

PAKD -1.25 -42.62* -1.17 -45.49* 

PAKMI -2.37 -52.32* -2.69 -54.96* 

PAKT -1.43 -54.57* -1.45 -55.86* 

PIAA -1.79 -57.27* -1.78 -56.27* 

PIOC -1.50 -44.51* -1.50 -49.69* 

PMI -2.69 -42.85* -2.42* -54.42* 

PNSC -1.58 -54.62* -2.57 -49.48* 

PRL -1.59 -49.69* -2.69 -43.89* 

PSMC -1.39 -30.43* -1.50 -47.88* 

PSO -1.99 -48.66* -1.90 -54.64* 

PSYL -2.74 -54.81* -2.00 -54.57* 

PTC -2.55 -50.27* -1.79 -52.27* 

QUICE -2.98 -65.63* -2.98 -65.63* 

REWM -2.25 -49.26* -2.65 -49.51* 

SAIF -1.75 -55.59* -1.88 -57.59* 

SCLL -1.95 -59.53* -1.99 -59.69* 

SEARL -1.75 -49.64* -1.99 -49.97* 

SEL -2.77 -55.62* -2.77 -55.63* 

SEPCO -2.55 -55.79* -1.99 -55.97* 

(Continued) 
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SHEL -1.99 -52.57* -2.12 -52.58* 

SITC -1.20 -49.27* -2.18 -49.33* 

SMTM -1.55 -47.48* -1.52 -47.72* 

SNBL -1.86 -48.67* -1.94 -49.95* 

SNGP -1.59 -64.98* -1.74 -74.95* 

SSGC -2.52 -58.12* -2.75 -58.99* 

TAJT -2.78 -51.11* -2.78 -52.44* 

TELE -2.74 -52.88* -2.84 -52.31* 

TRIPF -1.64 -42.67* -1.47 -49.14* 

TRSM -3.78 -29.98* -3.59 -69.79* 

TSPL -3.78 -43.87* -3.98 -59.26* 

ULEVER -2.99 -69.84* -2.95 -70.57* 

 

Note: Unit Root test conducted on level at trend and on 1st difference at trend and intercept.
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APPENDIX C-3 

 

Unit Root Test of the Business Cycle Variables 

Economic 

Variables 

ADF Level* 1ST DIFF PP LEVEL 1ST DIFF 

Ex -6.181*  -6.183*  

oil -1.51 -4.16* -1.16* -4.66* 

Gold -2.70 -5.70* -2.77* -5.71* 

Fxr (ch) -1.67 -12.60* -1.60* -12.67* 

Rm -3.75*  -3.77*  

 

        Note: Unit Root test conducted on level at trend and on 1st difference at trend and 

intercept. 
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APPENDIX D 

 

PORTFOLIO RETURN CONTINUUM FROM HIGH-BETA PORTFOLIO TO LOW BETA PORTFOLIO 

HIGH-BETA PORTFOLIO RETURNS LOW-BETA PORTFOLIO RETURNS 

RP1 RP2 RP3 RP4 RP5 RP6 Rp7 Rp8 Rp9 Rp10 

PIAA 1.682 GHGL 1.010 DBCI 0.555 LUCK 0.323 MARI -0.17 GTYR -0.33 KOIL -0.69 IGIBL -1.10 PAKD -1.73 SMTM -8.99 

CHCC 1.880 MLCF 1.036 SEL 0.560 OTSU 0.327 HINOON -0.11 IBFL -0.32 AABS -0.69 AGTL -1.05 SAIF -1.72 BAHL -4.56 

MODAM 2.027 FCCL 1.095 FEM 0.600 GADT 0.354 PSMC -0.09 KTML -0.30 PTC -0.65 FFLM -1.03 NRL -1.66 CHAS -3.59 

FECTC 2.263 DNCC 1.098 ENGRO 0.713 SNGP 0.357 DGKC -0.04 INDU -0.28 ICI -0.60 FFC -0.82 MTL -1.63 LPCL -2.99 

DSFL 2.525 CPPL 1.110 AICL 0.753 HUBC 0.358 FHAM -0.01 EFUG -0.24 ULEVER -0.55 SEARL -0.80 NML -1.55 NCL -2.87 

HWQS 3.314 GASF 1.299 FABL 0.754 BOP 0.377 AKBL 0.035 CRTM -0.22 PSYL -0.51 FHBM -0.78 SNBL -1.54 BRR -2.74 

NESTLE 3.414 PAEL 1.316 PRL 0.794 SCLL 0.395 REWM 0.133 SEPCO -0.22 HAL -0.46 IDRT -0.77 MCB -1.54 PAKMI -2.27 

GENP 3.871 HSPI 1.447 EFUL 0.799 SSGC 0.398 DAWH 0.216 CSAP -0.20 KOHE -0.39 PSO -0.77 TSPL -1.44 SITC -2.20 

KESC 3.996 AGIC 1.465 PIOC 0.973 TRIPF 0.412 TELE 0.221 TRSM -0.20 TAJT -0.38 FPJM -0.72 SHEL -1.25 LINDE -2.12 

AGIL 4.636 HMB 1.663 PAKT 1.008 QUICE 0.467 CEPB 0.235 PMI -0.19 HCAR -0.35 BIFO -0.69 JPGL -1.14 PNSC -1.94 
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APPENDIX E-1(1) 

 

 

 

GARCH-M MODEL (Rp1) 

 
 

S* Vp* E* D* G* 

Row # Mean Equation 

1 Premium -1.50*** -1.77** -1.80** -1.88** -2.50* 

2 C -2.50* -2.75* -2.87* -2.80* -2.52* 

3 RP1(-10)    -2.11* -1.62* 

4 Vp10      

5 RM 
  

2.10* 2.96* 2.03* 

6 EX 
  

   

7 FXR 
  

3.97* 3.78* 3.03* 

8 OIL 
  

-2.56* -3.95* -2.73* 

9 GOLD 
   

  

10 D101 
   

  

11 D102 
   

  

12 D103 
   

  

13 D104 
   

  

14 D105 
   

  

15 D106 
   

  

16 D107 
   

  

17 D108 
   

  

18 D109 
   

  

19 D1010 
   

  

20 D1011 
   

  

21 D1012 
   

2.25* 2.38* 

22 KT 
    

 

23 TSD 
    

 

24 FC 
    

 

25 CJS 
    

 

26 GE 
    

 

27 GFC 
    

 

28 PMLQ 
    

 

29 TI 
    

 

30 ROM 
    

 

31 HFS 
    

 

32 LMJR 
    

 

 Variance Equation 

33 C 3.75* 3.75* 4.04* -4.65* 5.55* 

34 ARCH 8.01* 8.23* 8.53* 8.91* 9.00* 

35 GARCH 11.22* 12.21* 17.41* 16.06* 24.60* 

36 Vp10 
  

4.97* 9.70*  

37 RM 
  

9.71* 4.69*  

38 EX 
  

   

(Continued) 
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Appendix E-1(1)(Continued) 

39 FXR 
  

-3.41* -3.56* 
 

40 OIL 
  

-3.29* -5.88*  

41 GOLD 
  

4.69* 7.04*  

42 D101 
   

5.19*  

43 D102 
   

  

44 D103 
   

  

44 D103 
   

  

45 D104 
   

  

46 D105 
   

2.41*  

47 D106 
   

-2.60*  

48 D107 
   

  

49 D108 
     

50 D109 
   

-3.02* 
 

51 D1010 
   

  

52 D1011 
   

-2.08*  

53 D1012 
   

2.48*  

54 KT 
    

 

55 TSD 
    

 

56 FC 
    

 

57 CJS 
    

 

58 GE 
    

 

59 GFC 
    

 

60 PMLQ 
    

 

61 TI 
    

 

62 ROM 
    

 

63 HFS 
    

 

64 LMJR 
    

 

Specification measures 

65 R2 0.42 0.58 0.63 0.62 0.76 

66 Adj-R2 0.16 0.13 0.14 0.71 0.8 

67 LL 24137.8 23686.4 13691.4 13713.1 
 

13616 

68 AIC 14.88 14.73 8.68 8.71 8.72 

69 F-stat 0.000001 0.000001 0.000003 0.000007 0.000003 

70 P(F-stat) 0.000097 0.000097 0.000007 0.000009 0.000009 

 

Note: S stands for specific approach, Vp stands for volume portfolio, E stands for economic factors, D stands 

for the deterministic shocks and G stands for the general approach.  
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APPENDIX E-1(2) 

 

 
 

 
 

 

 

GARCH-M MODEL Rp10 

 
 

S* Vp* E* D* G* 

Row Mean Equation 

1 Premium -1.50*** 1.50*** 1.65*** 1.70** 199* 

2 C -1.77** -1.80** -1.94* 1.99* 1.99* 

3 RP1(-1)      

4 Vp1 
 

2.27* 1.47***   

5 RM 
  

-2.22* -2.19* -2.55 

6 EX 
  

1.64*   

7 FXR 
  

2.67*   

8 OIL 
  

-2.82*   

9 GOLD 
  

   

10 D1010 
   

  

11 D2010 
   

  

12 D3010 
   

  

13 D4010 
   

  

14 D5010 
   

  

15 D6010 
   

  

16 D7010 
   

  

17 D8010 
   

  

18 KT 
    

 

18 TSD 
    

 

20 FC 
    

 

21 CJS 
    

 

22 GE 
    

 

23 GFC 
    

 

24 PMLQ 
    

 

25 TI 
    

 

26 ROM 
    

 

27 HFS 
    

 

28 LMJR 
     

 Variance Equation 

29 C 4.21* 4.20* 2.96* 2.99* 2.99* 

30          ARCH 5.91* 6.12* 5.40* 4.88* 4.77* 

31 GARCH(-1) 57.13* 54.30* 36.64* 5.04* 6.37* 

32 Vp1 
 

2.55* 4.04* 4.04* 1.65** 

33 RM 
  

-1.82* -2.53* -2.48* 

34 EX 
  

   

35 FXR 
  

-2.63*   

36 OIL 
  

   

(Continued) 
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Appendix E-1(2)(Continued) 

37 GOLD 
  

2.69*   

38 D101 
   

1.88*  

39 D201 
   

  

40 D301 
   

  

41 D401 
   

2.38* 1.82* 

42 D501 
   

-2.28* -1.92* 

43 D601 
   

  

44 D701 
   

2.90*  

45 D801 
   

2.08*  

46 KT 
    

 

47 TSD 
    

 

48 FC 
    

 

49 CJS 
    

 

50 GE 
    

 

51 GFC 
    

 

52 PMLQ 
    

-1.80* 

53 TI 
    

2.73* 

54 ROM 
    

 

55 HFS 
    

 

56 LMJR 
    

 

Specification measures 

57 R2 0.35 0.33 0.59 0.78 0.63 

58 Adj-R2 0.15 0.21 0.2 0.29 0.11 

59 LL -13789 -13783.5 -13554.5 -13526.3 -13432.5 

60 AIC 8.58 8.58 8.58 8.57 8.57 

61 F-stat 0.19 0.13 1.03 0.73 0.34 

62 P(F-stat) 0.000009 0.000009 0.000004 0.000008 0.000009 

 

Note:S stands for specific approach, Vp stands for volume portfolio, E stands for economic factors, D stands for 

the deterministic shocks and G stands for the general approach.  
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APPENDIX E-2(1) 

 
 

 

PGARCH-M MODEL Rp1 

Row 
 

S* Vp* E* D* G* 

 Mean Equation 

1 Premium -1.32 -1.44 1.45*** 1.75** 1.99* 

2 C -2.03* -2.55* -2.47* -2.75* -2.75* 

3 RP1(-1) 
 

-1.73*** -1.63*** -1.60*** -1.87** 

4 Vp10 
 

   4.64* 

5 RM 
  

1.81*)  2.07* 

6 EX 
   

 
 

7 FXR 
  

3.55* 
2.513649 

(2.564638) 
 

8 OIL 
  

-2.76* -2.64*  

9 GOLD 
  

   

10 D101 
  

   

11 D102 
  

   

12 D103 
  

   

13 D104 
   

  

14 D105 
   

  

15 D106 
   

  

16 D107 
   

  

17 D108 
   

  

18 D109 
   

  

19 D1010 
   

  

20 D1011 
   

  

21 D1012 
   

1.80*  

22 KT 
    

 

23 TSD 
    

 

24 FC 
    

 

25 CJS 
    

 

26 GE 
    

 

27 GFC 
    

 

28 PMLQ 
    

 

29 TI 
    

 

30 ROM 
    

 

31 HFS 
    

 

32 LMJR 
    

 

 Variance Equation 

33 C -4.92* -4.91* 2.50* 2.55* 2.30* 

34 ARCH 8.75* 7.75* 7.20* 6.44* 6.09* 

 ASYMMETRY 1.75 1.87 2.61 3.20 2.85 

35 
GARCH(-1) 

 
44.55* 41.54* 31.96* 22.82* 15.25* 

36 Vp10 
 

5.19* 4.07* 3.22* 
 

(Continued) 
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Appendix E-2(1) (Continued) 

37 RM 
  

  2.88* 

38 EX 
  

   

39 FXR 
  

   

40 OIL 
  

-5.06* -2.90* 
 

41 GOLD 
  

3.28*   

42 D101 
   

  

43 D102 
   

  

44 D103 
   

  

45 D104 
   

  

46 D105 
   

1.90*  

47 D106 
   

-2.41*  

48 D107 
   

  

49 D108 
   

  

50 D109 
   

  

51 D1010 
   

1.70** 
 

52 D1011 
   

-1.76* 
 

53 D1012 
   

3.46* 2.94* 

54 KT 
    

 

55 TSD 
    

 

56 FC 
    

 

57 CJS 
    

 

58 GE 
    

 

59 GFC 
    

 

60 PMLQ 
    

-1.97* 

61 TI 
    

 

62 ROM 
    

 

63 HFS 
    

 

64 LMJR 
    

 

Specification measures 

65 R2 0.41 0.41 0.64 0.75 0.13 

66 Adj-R2 0.15 0.16 0.78 0.58 0.67 

67 LL -139611.5 -13960.1 -13693.8 -13669.9 -13584.4 

68 AIC 8.66 8.68 8.68 8.68 8.70 

69 F-stat 1.66 1.65 1.13 0.56 0.67 

70 P(F-stat) 0.000001 0.000004 0.000003 0.000009 0.000009 

 

Note:S stands for specific approach, Vp stands for volume portfolio, E stands for economic factors, D stands for 

the deterministic shocks and G stands for the general approach.  
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APPENDIX E-2(2) 

 

 
 

PGARCH-M MODEL RP10 

Rows 
 

S* Vp* E* D* G* 

Mean Equation 

1 Premium 1.45 1.55*** 1.65*** 1.75** 2.42* 

2 C -1.77** -1.97* -2.17* -2.85* -2.99* 

3 RP1(-1)      

4 Vp1 
 

  -1.64** -2.33* 

5 RM 
  

-1.92* 
 

-2.44* 

6 EX 
  

1.93* 1.56***  

7 FXR 
  

2.68*   

8 OIL 
  

-2.91*   

9 GOLD 
  

   

10 D1010 
  

   

11 D2010 
    

 

12 D3010 
   

1.61** 2.01* 

13 D4010 
   

-1.70** -2.39* 

14 D5010 
   

1.73** 2.41* 

15 D6010 
   

  

16 D7010 
   

-1.69**  

17 D8010 
   

  

18 KT 
    

 

19 TSD 
    

 

20 FC 
    

 

21 CJS 
    

-1.64** 

22 GE 
    

-1.55** 

23 GFC 
    

1.51** 

24 PMLQ 
    

2.30* 

25 TI 
    

-2.88* 

26 ROM 
    

 

27 HFS 
    

 

28 LMJR 
    

 

 Variance Equation 

29 C   7.50*   

30 RESID(-1)^2   7.46*   

31 GARCH(-1)   4.84*   

32 Vp1   5.23*   

33 RM 
  

-2.60*   

34 EX 
   

  

(Continued) 
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Appendix E-2(2) (Continued) 

35 FXR 
  

-6.16*   

36 OIL 
  

-1.86**   

37 GOLD 
  

4.69*   

38 D1010 
   

  

39 D2010 
   

  

40 D3010 
   

  

41 D4010 
   

  

42 D5010 
   

  

43 D6010 
   

  

44 D7010 
   

  

45 D8010 
   

  

46 KT 
   

  

47 TSD 
   

  

48 FC 
    

 

49 CJS 
    

 

50 GE 
    

 

51 GFC 
    

 

52 PMLQ 
    

 

53 TI 
    

 

54 ROM 
    

 

55 HFS 
    

 

56 LMJR 
    

 

Specification measures 

57 R2 0.83 0.75 0.56 0.65 0.66 

58 Adj-R2 .52 .07 .05 0.42 0.11 

59 LL -23183.6 -23171.4 -13534.7 -13575.9 -13445.8 

60 AIC 14.43 14.42 8.58 8.62 8.61 

61 F-stat   0.99 0.60 0.36 

62 P(F-stat) 0.000005 0.000005 0.000004 0.000009 0.000009 

 

Note: S stands for specific approach, Vp stands for volume portfolio, E stands for economic factors, D stands 

for the deterministic shocks and G stands for the general approach.  
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APPENDIX E-3(1) 
 

 
 

 

TGARCH-M MODEL RP1 

  S* Vp* E* D* G* 

Rows Mean Equation 

1 Premium -1.82** -1.77* -1.89* -1.99* 1.99* 

2 C 1.99* 1.99* -1.78** -1.98* -2.58* 

3 RP1(-1) 
 

-1.69*** -1.59*** -1.50*** -1.74** 

4 Vp1 
  

  4.22* 

5 RM 
  

1.57*** 1.65*** 2.20* 

6 EX 
  

   

7 FXR 
  

2.92* 2.45*  

8 OIL 
  

-2.72* -2.58*  

9 GOLD 
  

   

10 D101 
  

   

11 D102 
  

   

12 D103 
  

   

13 D104 
  

   

14 D105 
  

   

15 D106 
   

  

16 D107 
   

  

17 D108 
   

  

18 D109 
   

  

18 D1010 
   

  

20 D1011 
   

  

21 D1012 
   

1.81**  

22 KT 
    

 

23 TSD 
    

 

24 FC 
    

 

25 CJS 
    

 

26 GE 
    

 

27 GFC 
    

 

28 PMLQ 
     

 TI 
     

29 ROM 
    

 

30 HFS 
    

 

31 LMJR 
    

 

 Variance Equation 

32 C 12.99* -5.08* 2.56*   

33 ARCH 4.70* 5.57* 4.80* 3.68* 4.02* 

 ASYMMETRY 1.82 1.82 2.61 3.20 2.85 

34 
GARCH(-1) 

 
45.29* 40.29* 33.40* 21.28* 15.36* 

35 Vp10 
 

5.32* 4.37* 3.48* 
 

36 RM 
  

-2.18*  3.07* 

(Continued) 
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Appendix E-3(1) (Continued) 

37 EX 
   

  

38 FXR 
  

-1.65***   

39 OIL 
  

-3.78* -1.99* 
 

40 GOLD 
  

2.34*   

41 D101 
   

  

42 D102 
   

  

43 D103 
   

  

44 D104 
   

  

45 D105 
   

1.81* 
 

46 D106 
   

-2.46*  

47 D107 
   

  

48 D108 
   

  

49 D109 
   

  

50 D1010 
   

1.80*  

51 D1011 
   

-1.83*  

52 D1012 
   

3.31* 2.97* 

53 KT 
    

 

54 TSD 
    

 

55 CJS 
    

 

57 GE 
    

 

56 GFC 
    

 

57 PMLQ 
    

-1.87* 

58 TI 
     

59 ROM 
     

60 HFS 
    

 

61 LMJR 
    

 

Specification measures 

62 R2 0.27 0.39 0.61 0.66 0.12 

63 Adj-R2 0.55 0.11 0.15 0.70 0.83 

64 LL -14221.3 -13958.4 -13692.8 -13664.1 -13580.6 

65 AIC 8.76 8.68 8.69 8.68 8.70 

66 F-stat 0.25 0.40 0.25 0.48 0.60 

67 P(F-stat) 0.000002 0.00007 0.00004 0.00009 0.000009 

Note: S stands for specific approach, Vp stands for volume portfolio, E stands for economic factors, D stands 

for the deterministic shocks and G stands for the general approach.  
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APPENDIX E-3(2) 

 
 

 
 

 

TGARCH-M MODEL RP10 

 
 

S* Vp* E* D* G* 

Rows Mean Equation 

1 Premium 1.45 1.45 1.55*** 1.75** 1.99* 

2 C -4.32* -4.32* -1.82** -1.99* -2.02* 

3 RP10(-1) 
 

    

4 Vp10 
   

  

5 RM 
  

-2.12* -1.83** -1.84** 

6 EX 
  

1.52***   

7 FXR 
  

2.39*   

8 OIL 
  

-2.60*   

9 GOLD 
  

   

10 D1010 
  

   

11 D2010 
  

   

12 D3010 
  

   

13 D4010 
  

   

14 D5010 
  

 
 

 

15 D6010 
  

   

16 D7010 
  

   

17 D8010 
  

   

18 KT 
  

 
 

 

18 TSD 
  

 
 

 

20 FC 
  

 
 

 

21 CJS 
  

 
 

 

22 GE 
  

 
 

 

23 GFC 
  

 
 

 

24 PMLQ 
  

 
 

 

25 TI 
  

 
 

 

26 ROM 
  

 
 

 

27 HFS 
  

 
 

 

28 LMJR 
  

 
 

 

 Variance Equation 

29 C 3.11* 3.01* 3.12* 3.11* 3.17* 

30 
ARCH 

 
3.55* 3.15* 3.28* 2.27* 2.21* 

 ASYMMETRY 1.88 1.98 1.99 2.01 1.99 

31 GARCH(-1) 2.02* 2.35* 2.45* 2.92* 2.93* 

32 Vp1 
 

 3.22* 8.19* 7.98* 

33 RM 
  

3.90* 3.63* 2.96* 

34 EX 
  

  -1.57*** 

(Continued) 
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Appendix E-3(2)(Continued) 

35 FXR 
  

   

36 OIL 
  

-2.89*   

37 GOLD 
  

-5.43*   

38 D1010 
  

3.27*   

39 D2010 
   

  

40 D3010 
   

  

41 D4010 
   

 -1.63* 

42 D5010 
   

2.16* 1.95* 

43 D6010 
   

-2.10* -1.94* 

44 D7010 
   

  

45 D8010 
   

2.65* 
 

46 KT 
   

2.05*  

47 TSD 
    

 

48 FC 
    

 

49 FC 
    

 

50 CJS 
    

 

51 GE 
    

 

52 GFC 
    

 

53 PMLQ 
     

54 TI 
    

2.63* 

55 ROM 
    

 

56 HFS 
    

 

Specification measures 

57 R2 0.22 0.19 0.19 0.20 0.19 

58 Adj-R2 0.13 0.22 0.55 0.22 0.96 

59 LL -13596 -13591.8 -13551.8 -13527 -13424.5 

60 AIC 
8.62 

 
8.66 8.60 8.59 8.60 

61 F-stat 0.99 0.62 0.99 0.79 0.47 

62 P(F-stat) 0.00005 0.00006 0.00004 0.000007 0.000009 
 

Note:S stands for specific approach, Vp stands for volume portfolio, E stands for economic factors, D stands for 

the deterministic shocks and G stands for the general approach.  
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APPENDIX F-1 

 

 

Empirical Results of Volatility Spillover between Rp1 to Rp10 and Rp10 to Rp1 by 

using EGARCH-M model (General Approach) 

VOLATILITY SPILLOVER FROM RP1(-1) to RP10(-1) 

 
Coefficient P-value 

Mean Equation 

PREMIUM 0.052857 0.586344 

CONSTANT (ω) -221.626 0.006965 

RP1(-1) (β1) -0.01556 0.378941 

VP1 -0.42039 0.587569 

EX 6.454938 0.344227 

FXR 64.45741 0.010441 

OIL -5.47354 0.003821 

GOLD 3.64137 0.101323 

RM -18.4593 0.000735 

D110 3.982445 0.40878 

D210 -5.22025 0.121347 

D310 5.626245 0.261053 

D410 -1.00114 0.813976 

D510 1.891139 0.515874 

D610 -1.89058 0.510432 

D710 1.022113 0.701962 

D810 -2.71226 0.283495 

D910 -3.67056 0.049304 

D1010 -0.84951 0.934682 

D1110 19.03178 0.081746 

D1210 3.542485 0.185997 

KT 2.033124 0.187198 

CJS -1.25121 0.662417 

TSD -8.79203 0.676049 

GE -5.6376 0.583377 

GFC 5.791213 0.57512 

PMLQ 4.88996 0.136424 

TI -3.67915 0.162586 

ROM 2.979368 0.623946 

HFS -4.84858 0.657289 

LMJR -19.8628 0.08754 

Return Spillover RP10(-1) (β2) -0.00119 0.467289 

VARIANCE EQUATION 

CONSTANT 15.13107 0.035399 

ARCH EFFECT (α) 0.304479 3.49E-12 

(Continued) 
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(Continued) 

 

Appendix F1(Continued) 

ASYMMETRY (θ) -0.05978 0.056556 

GARCH EFFECT (β) 0.376521 7.30E-05 

VP1 1.134456 3.72E-07 

EX -0.8936 0.101598 

FXR -2.68023 0.232045 

OIL -0.18912 0.325888 

GOLD -0.13855 0.562336 

RM -2.26819 0.1563 

D110 -0.37744 0.340287 

D210 0.282508 0.210339 

D310 -0.32946 0.527127 

D410 0.117645 0.815196 

D510 0.107127 0.599977 

D610 -0.30593 0.118681 

D710 -0.15702 0.547633 

D810 0.198067 0.423504 

D910 0.198259 0.324332 

D1010 0.614785 0.678099 

D1110 1.490536 0.540125 

D1210 0.697624 0.011307 

KT 0.403902 0.009103 

CJS 0.3861 0.1472 

TSD 0.329766 0.508331 

GE -0.06283 0.939118 

GFC -0.01444 0.986118 

PMLQ -0.55489 0.143577 

TI 1.044016 0.007611 

ROM -0.34088 0.553449 

HFS -0.84543 0.572787 

LMJR -2.10732 0.388248 

TSD -10.9932 0.973891 

VOLATILITY SPILLOVER RP1(-1) TO RP10(-1) 

(δ1) 
0.000426 0.010126 

DIAGNOSTICS 

R-SQUARE  0.096 

ADJUSTED R-SQUARED  0.01 

AIC  8.55 

LOG LIKELIHOOD  -13673.9 

VOLATILITY SPILLOVER FROM RP10(-1) to RP1(-1) 

MEAN EQUATION 

PREMIUM 0.075 0.428 

CONSTANT (ω) -156.754 0.038 

RP10(-1) (β1) -0.032 0.069 
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Appendix F1(Continued) 

VP1 0.626 0.446 

EX 5.659 0.414 

FXR 50.334 0.029 

OIL -3.943 0.061 

GOLD 0.566 0.821 

RM 22.279 0.066 

D110 -7.157 0.186 

D210 2.726 0.489 

D310 -1.960 0.796 

D410 0.626 0.929 

D510 0.223 0.950 

D610 -0.507 0.886 

D710 -0.374 0.899 

D810 -0.269 0.926 

D910 1.200 0.478 

D1010 3.865 0.791 

D1110 21.607 0.487 

D1210 3.688 0.185 

KT 0.588 0.751 

CJS -3.145 0.152 

TSD -1.553 1.000 

GE -3.062 0.657 

GFC 1.706 0.835 

PMLQ 5.008 0.357 

TI 0.885 0.640 

ROM -3.692 0.475 

HFS -1.436 0.913 

LMJR -27.910 0.380 

Return Spillover RP1(-1) (β2) -0.002 0.314 

Variance Equation 

CONSTANT 3.397754 0.293939 

ARCH EFFECT (α) 0.273029 1.37E-18 

ASYMMETRY (θ) -0.037 0.093 

GARCH EFFECT (β) 0.785 0.000 

VP1 0.059 0.486 

EX -0.170 0.447 

FXR -0.603 0.568 

OIL -0.250 0.007 

GOLD 0.282 0.016 

RM 2.842 0.004 

D110 0.023 0.917 

D210 -0.124 0.279 

D310 0.153 0.510 

(Continued) 
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Appendix F1(Continued) 

D410 0.112 0.600 

D510 0.178 0.040 

D610 -0.242 0.005 

D710 0.062 0.626 

D810 -0.069 0.571 

D910 -0.112 0.235 

D1010 0.460 0.539 

D1110 -0.153 0.799 

D1210 0.234 0.020 

KT 0.045 0.492 

CJS 0.085 0.459 

TSD 0.537 0.028 

GE 0.462 0.141 

GFC -0.133 0.675 

PMLQ -0.699 0.000 

TI 0.069 0.658 

ROM -0.359 0.176 

HFS -0.181 0.813 

LMJR -0.266 0.659 

TSD -2.207 0.996 

Volatility Spillover RP10(-1) to RP1(-1) (δ1) 0.000 0.002 

DIAGNOSTICS 

R-SQUARE 
 

0.036 

ADJUSTED R-SQUARED 
 

0.057 

AIC 
 

8.68 

LOG LIKELIHOOD 
 

-13879.5 
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APPENDIX F-2 

 

 

Empirical Results of Volatility Spillover from Rp1(-1) to Rm(-1) and Volatility Spillover 

from Rm(-1) to Rp1(-1) by using EGARCH-M model (General Approach) 

VOLATILITY SPILLOVER FROM  RP1(-1) to RM(-1)  

 Coefficient P-value 

Mean Equation 

Premium 0.041 0.705 

Constant (ω) -3.374 0.455 

RP1(-1) (β1) -0.014 0.441 

VP1 -0.048 0.966 

D110 2.492 0.571 

D210 -4.245 0.155 

D310 5.852 0.232 

D410 -0.888 0.832 

D510 0.503 0.858 

D610 -3.011 0.307 

D710 2.171 0.415 

D810 0.132 0.953 

D910 -3.620 0.028 

D1010 1.229 0.911 

D1110 18.444 0.049 

D1210 2.261 0.287 

KT 1.194 0.477 

CJS -1.282 0.654 

TSD -7.663 0.000 

GE -8.377 0.368 

GFC 8.035 0.390 

PMLQ 4.098 0.217 

TI -1.571 0.598 

ROM 5.938 0.332 

HFS -5.454 0.637 

LMJR -20.025 0.057 

RM(-1) -8.418 0.506 

Variance Equation 

Constant 1.924 0.004 

ARCH Effect (α) 0.379 0.000 

Asymmetry (θ) -0.050 0.134 

GARCH Effect (β) 0.301 0.000 

VP1 1.004 0.000 

D110 -0.380 0.359 

D210 0.609 0.013 

D310 -0.756 0.200 

(Continued) 
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Appendix F2(Continued) 

D410 -0.247 0.667 

D510 0.178 0.416 

D610 -0.469 0.037 

D710 -0.325 0.278 

D810 -0.130 0.621 

D910 -0.138 0.508 

D1010 0.367 0.818 

D1110 1.959 0.453 

D1210 0.587 0.029 

KT 0.732 0.000 

CJS 0.421 0.169 

TSD -19.692 0.414 

GE -0.196 0.811 

GFC -0.002 0.998 

PMLQ -0.625 0.145 

TI 1.181 0.004 

ROM 0.470 0.328 

HFS -0.680 0.674 

LMJR -2.862 0.278 

RM(-1) -1.219 0.413 

Diagnostics 

R-SQUARE  0.04 

ADJUSTED R-SQUARED  0.012 

AIC  8.57 

LOG LIKELIHOOD  -13716.7 

VOLATILITY SPILLOVER FROM RM(-1) to RP1(-1) 

Mean Equation  

PREMIUM 0.693 0.000 

C -0.048 0.027 

RM(-1) 0.091 0.000 

RP1(-1) 0.000 0.507 

VP1 0.000 0.000 

D110 0.020 0.346 

D210 0.009 0.106 

D310 0.020 0.000 

D410 -0.016 0.000 

D510 -0.001 0.773 

D610 0.009 0.004 

D710 -0.002 0.564 

D810 0.004 0.200 

D910 0.002 0.369 

D1010 0.012 0.495 

(Continued) 
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Appendix F2(Continued) 

D1110 -0.007 0.617 

D1210 0.003 0.222 

KT -0.005 0.000 

CJS -0.022 0.000 

TSD 0.009 0.000 

GE -0.019 0.495 

GFC 0.044 0.117 

PMLQ 0.006 0.000 

TI -0.025 0.000 

ROM 0.015 0.021 

HFS -0.022 0.250 

LMJR 0.015 0.268 

Variance Equation 

Constant -4.178 0.000 

ARCH Effect (α) 0.452 0.000 

Asymmetry (θ) -0.168 0.000 

GARCH Effect (β) 0.345 0.000 

RP1(-1) 0.001 0.215 

VP1 0.168 0.152 

D110 -0.774 0.217 

D210 -0.323 0.282 

D310 -1.077 0.065 

D410 0.156 0.772 

D510 -0.462 0.019 

D610 -0.729 0.001 

D710 0.118 0.728 

D810 -0.018 0.953 

D910 -0.423 0.064 

D1010 -0.515 0.728 

D1110 -0.231 0.879 

D1210 -0.565 0.036 

KT 1.278 0.000 

CJS 1.354 0.000 

TSD -9.713 0.255 

GE 0.423 0.661 

GFC -2.477 0.012 

PMLQ -7.891 0.000 

TI 9.876 0.000 

ROM 0.006 0.988 

HFS -0.099 0.948 

LMJR -0.037 0.981 

Diagnostics 

R-SQUARE  0.07 

ADJUSTED R-SQUARED  0.07 

AIC  5.75 

LOG LIKELIHOOD  9297.2 
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APPENDIX F-3 

 

 

 Empirical Results of Volatility Spillover from Rp1(-1) to Ex(-1) and Volatility Spillover 

from Ex(-1) to Rp1(-1) by using EGARCH-M model (General Approach) 

VOLATILITY SPILLOVER FROM RP1(-1) to EX(-1) 

 
Coefficient P-value 

Mean Equation 

PREMIUM 0.026221 0.79965 

Constant (ω) -12.6602 0.618821 

RP1(-1) (β1) -0.01464 0.414614 

VP1 0.148448 0.892341 

D110 2.136405 0.672335 

D210 -3.35213 0.286618 

D310 5.225751 0.299046 

D410 -1.27508 0.766694 

D510 0.590653 0.836947 

D610 -3.21472 0.275442 

D710 2.034645 0.443633 

D810 -0.1421 0.950316 

D910 -3.69 0.024267 

D1010 1.532759 0.882693 

D1110 18.58009 0.124142 

D1210 2.048323 0.397092 

KT 1.490813 0.367133 

CJS -1.22918 0.665922 

TSD -7.9484 0.000128 

GE -7.18558 0.505399 

GFC 6.998357 0.517584 

PMLQ 3.480833 0.318558 

TI -0.75009 0.814205 

ROM 5.332705 0.396048 

HFS -5.29915 0.633939 

LMJR -20.4574 0.109312 

Return Spillover EX(-1) (β2) 2.379955 0.710208 

Variance Equation 

Constant 5.349162 0.024597 

ARCH Effect (α) 0.376842 1.02E-15 

Asymmetry (θ) -0.04708 0.148829 

GARCH Effect (β) 0.349761 1.50E-05 

VP1 0.865474 2.23E-05 

D110 -0.4332 0.306489 

(Continued) 
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Appendix F3(Continued) 

D210 0.52807 0.021286 

D310 -0.63203 0.265789 

D410 -0.20966 0.705225 

D510 0.220983 0.288806 

D610 -0.44565 0.035639 

D710 -0.26609 0.342008 

D810 -0.03644 0.883692 

D910 -0.11313 0.56318 

D1010 0.503364 0.725593 

D1110 1.580641 0.614731 

D1210 0.680807 0.010984 

KT 0.621729 0.000256 

CJS 0.404737 0.159205 

TSD -14.3706 0.27385 

GE 0.012155 0.989248 

GFC -0.24698 0.786197 

PMLQ -0.38781 0.357024 

TI 0.90421 0.024681 

ROM 0.491866 0.280367 

HFS -0.80265 0.58096 

LMJR -2.44371 0.43808 

EX(-1) (δ1) -0.85422 0.134434 

Diagnostics 

R-SQUARE  0.005245 

ADJUSTED R-SQUARED  -0.01208 

AIC  8.572643 

LOG LIKELIHOOD  -13716 

VOLATILITY SPILLOVER FROM EX(-1) to RP1(-1) 

Mean Equation 

PREMIUM 0.035 0.106 

Constant (ω) 0.007 0.000 

EX(-1) (β1) 0.998 0.000 

Return Spillover RP1(-1) (β2) 0.000 0.381 

VP1 0.000 0.985 

D110 0.001 0.001 

D210 0.000 0.487 

D310 -0.001 0.000 

D410 0.001 0.000 

D510 0.000 0.204 

D610 0.000 0.659 

D710 0.000 0.436 

D810 0.000 0.212 

D910 0.000 0.009 

D1010 0.000 0.754 

(Continued) 
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Appendix F3(Continued) 

D1110 0.000 0.339 

D1210 0.000 0.000 

KT 0.000 0.075 

CJS 0.000 0.708 

TSD -99.180 0.603 

GE 0.000 0.000 

GFC 0.000 0.000 

PMLQ 0.000 0.477 

TI 0.000 0.139 

ROM 0.000 0.081 

HFS 0.000 0.718 

LMJR 0.000 0.176 

Variance Equation 

Constant -3.126 0.000 

ARCH Effect (α) 0.949 0.000 

Asymmetry (θ) 0.078 0.033 

GARCH Effect (β) 0.661 0.000 

Volatility Spillover RP10(-1) to RP1(-1) (δ1) 0.002 0.234 

VP1 -0.437 0.000 

D110 -0.835 0.000 

D210 0.787 0.000 

D310 0.203 0.607 

D410 -0.757 0.051 

D510 -1.800 0.000 

D610 1.485 0.000 

D710 0.468 0.008 

D810 -0.513 0.002 

D910 -0.091 0.493 

D1010 0.176 0.903 

D1110 0.118 0.906 

D1210 1.138 0.000 

KT 0.087 0.415 

CJS -0.236 0.251 

TSD 19.642 0.000 

GE -0.551 0.175 

GFC 0.864 0.040 

PMLQ -0.214 0.530 

TI -0.414 0.170 

ROM 0.755 0.004 

HFS -0.142 0.921 

LMJR -0.545 0.581 

Diagnostics 

R-SQUARE  -260.044 

ADJUSTED R-SQUARED  -264.59 

AIC  -11.4263 

LOG LIKELIHOOD  18417.99 

 



ANALYSIS OF VOLATILITY OF PORTFOLIO RETURNS: EVIDENCE FROM PAKISTANI STOCK MARKET             265 
 

 

  

APPENDIX F-4 

 

 

 Empirical Results of Volatility Spillover from Rp1(-1) to Fxr(-1) and Volatility Spillover 

from Fxr(-1) to Rp1(-1) by using EGARCH-M model (General Approach) 

VOLATILITY SPILLOVER FROM RP1(-1) to FXR(-1) 

 
Coefficient P-value 

Mean Equation 

PREMIUM 0.039 0.600 

Constant (ω) -77.460 0.072 

RP1(-1) (β1) -0.018 0.313 

VP1 -0.063 0.948 

D110 2.345 0.623 

D210 -4.340 0.193 

D310 5.369 0.272 

D410 -1.389 0.730 

D510 0.696 0.802 

D610 -3.167 0.268 

D710 2.144 0.418 

D810 -1.097 0.641 

D910 -4.147 0.012 

D1010 0.258 0.982 

D1110 18.887 0.053 

D1210 2.081 0.284 

KT 1.658 0.263 

CJS -1.250 0.661 

TSD -8.141 0.938 

GE -7.859 0.437 

GFC 7.398 0.466 

PMLQ 3.949 0.227 

TI -1.571 0.560 

ROM 5.931 0.323 

HFS -4.139 0.728 

LMJR -20.398 0.054 

Return Spillover FXR(-1) (β2) 23.154 0.085 

Variance Equation 

Constant 6.020 0.109 

ARCH Effect (α) 0.343 0.000 

Asymmetry (θ) -0.061 0.041 

GARCH Effect (β) 0.545 0.000 

VP1 0.819 0.000 

D110 -0.288 0.342 

(Continued) 
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Appendix F4(Continued) 

D210 0.397 0.023 

D310 -0.534 0.210 

D410 -0.084 0.839 

D510 0.059 0.694 

D610 -0.304 0.049 

D710 -0.192 0.346 

D810 -0.037 0.842 

D910 -0.072 0.622 

D1010 0.413 0.764 

D1110 1.622 0.463 

D1210 0.369 0.050 

KT 0.479 0.000 

CJS 0.315 0.139 

TSD -6.337 0.954 

GE -0.062 0.923 

GFC -0.052 0.936 

PMLQ -0.468 0.124 

TI 0.906 0.002 

ROM 0.191 0.572 

HFS -0.597 0.666 

LMJR -2.221 0.315 

Volatility Spillover RP1(-1) to FXR(-1) (δ1) -1.610 0.180 

Diagnostics 

R-SQUARE  0.005509 

ADJUSTED R-SQUARED  -0.01182 

AIC  8.568506 

LOG LIKELIHOOD  -13709.3 

VOLATILITY SPILLOVER FROM FXR(-1) to RP1(-1) 

Mean Equation 

PREMIUM 2.283 0.036 

Constant (ω) 0.001 0.131 

FXR(-1) (β1) 0.999 0.000 

Return Spillover RP1(-1) (β2) 0.000 0.001 

VP1 0.000 0.011 

D110 0.001 0.061 

D210 0.000 0.048 

D310 0.000 0.659 

D410 0.000 0.195 

D510 0.000 0.031 

D610 0.000 0.013 

D710 0.000 0.137 

D810 0.000 0.635 

(Continued) 
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Appendix F4(Continued) 
  

D910 0.000 0.076 

D1010 0.000 0.710 

D1110 0.000 0.900 

D1210 0.000 0.149 

KT 0.000 0.527 

CJS 0.000 0.161 

TSD 0.000 0.999 

GE 0.000 0.507 

GFC 0.000 0.810 

PMLQ 0.000 0.682 

TI 0.000 0.832 

ROM 0.000 0.076 

HFS 0.000 0.828 

LMJR 0.000 0.844 

Variance Equation 

Constant -16.041 0.000 

ARCH Effect (α) -0.003 0.096 

Asymmetry (θ) 0.007 0.044 

GARCH Effect (β) 0.009 0.856 

Volatility Spillover FXR(-1) to RP1(-1) (δ1) -0.002 0.056 

VP1 0.256 0.038 

D110 -2.420 0.000 

D210 1.063 0.000 

D310 0.515 0.326 

D410 -1.464 0.004 

D510 1.737 0.000 

D610 -1.096 0.016 

D710 -0.113 0.771 

D810 -0.497 0.091 

D910 1.673 0.000 

D1010 0.583 0.778 

D1110 -0.015 0.996 

D1210 0.702 0.013 

KT -0.073 0.162 

CJS -0.679 0.030 

TSD 0.032 1.000 

GE 0.796 0.226 

GFC -0.368 0.587 

PMLQ -0.181 0.703 

TI -0.083 0.849 

ROM 1.198 0.004 

HFS -0.347 0.867 

LMJR -0.173 0.948 

Diagnostics 

R-SQUARE  0.999493 

ADJUSTED R-SQUARED  0.999484 

AIC  -14.7727 

LOG LIKELIHOOD  23795.67 
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APPENDIX F-5 

 

 

 Empirical Results of Volatility Spillover from Rp1(-1) to Oil(-1) and Volatility Spillover 

from Oil(-1) to Rp1(-1) by using EGARCH-M model (General Approach) 

VOLATILITY SPILLOVER FROM RP1(-1) to OIL(-1) 

 
Coefficient P-value 

Mean equation  

PREMIUM 0.077 0.464 

Constant (ω) -5.325 0.547 

RP1(-1) (β1) -0.011 0.543 

VP1 -0.213 0.837 

D110 2.598 0.600 

D210 -4.022 0.126 

D310 5.793 0.231 

D410 -1.297 0.768 

D510 0.391 0.893 

D610 -2.764 0.347 

D710 2.512 0.345 

D810 -0.111 0.961 

D910 -3.839 0.029 

D1010 -0.744 0.932 

D1110 17.808 0.128 

D1210 1.744 0.472 

KT 0.837 0.602 

CJS -1.467 0.610 

TSD -7.160 0.974 

GE -7.228 0.547 

GFC 7.834 0.515 

PMLQ 2.227 0.546 

TI -0.017 0.996 

ROM 2.296 0.703 

HFS -0.305 0.974 

LMJR -19.073 0.126 

Return Spillover OIL(-1) (β2) 0.261 0.803 

Variance Equation 

Constant 4.819 0.000 

ARCH Effect (α) 0.318 0.000 

Asymmetry (θ) -0.067 0.035 

GARCH Effect (β) 0.394 0.000 

VP1 1.046 0.000 

D110 -0.442 0.256 

D210 0.414 0.043 

(Continued) 
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Appendix F5(Continued)   

D310 -0.500 0.339 

D410 0.033 0.948 

D510 0.270 0.154 

D610 -0.327 0.088 

D710 -0.316 0.213 

D810 0.102 0.649 

D910 0.292 0.122 

D1010 0.854 0.442 

D1110 1.646 0.621 

D1210 0.853 0.001 

KT 0.556 0.000 

CJS 0.444 0.091 

TSD -6.474 0.263 

GE 0.173 0.839 

GFC -0.233 0.787 

PMLQ -0.179 0.664 

TI 0.605 0.128 

ROM 0.036 0.933 

HFS -1.305 0.256 

LMJR -2.372 0.477 

Volatility Spillover RP1(-1) to OIL(-1) (δ1) -0.529 0.000 

Diagnostics 

R-SQUARE  0.004903 

ADJUSTED R-SQUARED  -0.01243 

AIC  8.562445 

LOG LIKELIHOOD  -13699.6 

VOLATILITY SPILLOVER FROM OIL(-1) to RP1(-1) 

Mean equation  

Premium  -3.757 0.060 

Constant (ω) 0.181 0.058 

OIL(-1) (β1) 0.997 0.000 

Return Spillover RP1(-1) (β2) 0.000 0.452 

VP1 -0.006 0.417 

D110 -0.048 0.371 

D210 0.021 0.273 

D310 -0.012 0.715 

D410 -0.032 0.339 

D510 0.002 0.846 

D610 0.016 0.300 

D710 0.012 0.557 

D810 -0.036 0.149 

D910 -0.003 0.810 

D1010 -0.062 0.931 

D1110 0.202 0.055 

D1210 -0.121 0.094 

(Continued) 
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Appendix F5(Continued) 
  

KT 0.024 0.080 

CJS 0.004 0.799 

TSD -0.069 0.208 

GE -0.028 0.337 

GFC 0.040 0.251 

PMLQ 0.006 0.861 

TI 0.043 0.320 

ROM 0.071 0.315 

HFS 0.131 0.856 

LMJR -0.288 0.066 

Variance Equation 

Constant -6.271 0.000 

ARCH Effect (α) 0.041 0.014 

Asymmetry (θ) 0.009 0.330 

GARCH Effect (β) -0.012 0.842 

Volatility Spillover OIL(-1) to RP1(-1) (δ1) -0.001 0.421 

VP1 -0.167 0.128 

D110 -0.706 0.316 

D210 0.291 0.351 

D310 -0.277 0.672 

D410 -0.778 0.211 

D510 0.025 0.912 

D610 0.304 0.187 

D710 0.167 0.592 

D810 -0.650 0.019 

D910 -0.060 0.819 

D1010 -0.302 0.950 

D1110 5.315 0.011 

D1210 -1.925 0.000 

KT 0.710 0.000 

CJS -0.068 0.846 

TSD -18.512 0.990 

GE -0.432 0.614 

GFC 0.719 0.420 

PMLQ 0.235 0.707 

TI 0.746 0.191 

ROM 0.893 0.083 

HFS 0.709 0.883 

LMJR -6.061 0.005 

Diagnostics 
R-SQUARE  -603.126 

ADJUSTED R-SQUARED  -613.648 

AIC  -4.62317 

LOG LIKELIHOOD  7485.441 
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APPENDIX F-6 

 
 

 

Empirical Results of Volatility Spillover from Rp1(-1) to Gold(-1) and Volatility Spillover 

from Gold(-1) to Rp1(-1) by using EGARCH-M model (General Approach 

VOLATILITY SPILLOVER FROM RP1(-1) to GOLD(-1) 

 Coefficient p-value 

Mean Equation 

PREMIUM -0.060 0.424 

Constant (ω) 10.581 0.198 

RP1(-1) (β1) -0.032 0.048 

VP1 0.770 0.188 

D110 -4.880 0.307 

D210 1.463 0.683 

D310 1.243 0.859 

D410 -0.993 0.881 

D510 0.179 0.958 

D610 -4.008 0.239 

D710 1.372 0.620 

D810 1.004 0.696 

D910 -0.228 0.885 

D1010 17.024 0.236 

D1110 4.603 0.929 

D1210 3.436 0.170 

KT 0.676 0.692 

TSD -1.554 1.000 

CJS -2.716 0.243 

GE -2.409 0.686 

GFC 1.519 0.851 

PMLQ 2.486 0.694 

TI 1.325 0.252 

ROM 1.846 0.708 

HFS -11.458 0.378 

LMJR -14.880 0.774 

Return Spillover GOLD(-1) (β2) -0.994 0.356 

Variance equation 

Constant 0.165 0.179 

ARCH Effect (α) 0.122 0.000 

Asymmetry (θ) -0.010 0.414 

GARCH Effect (β) 0.955 0.000 

VP1 0.134 0.001 

D110 0.040 0.603 

(Continued) 
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Appendix F6(Continued) 

D210 0.027 0.435 

D310 -0.161 0.070 

D410 0.086 0.300 

D510 -0.011 0.653 

D610 -0.069 0.009 

D710 0.027 0.514 

D810 -0.016 0.682 

D910 -0.010 0.742 

D1010 -0.220 0.639 

D1110 -0.246 0.397 

D1210 0.078 0.005 

KT 0.042 0.025 

TSD -0.191 0.997 

CJS 0.071 0.061 

GE -0.016 0.882 

GFC 0.103 0.387 

PMLQ -0.391 0.000 

TI 0.264 0.000 

ROM 0.047 0.518 

HFS 0.312 0.510 

LMJR 0.097 0.743 

Volatility Spillover RP1(-1) to GOLD(-1) (δ1) -0.046 0.007 

Diagnostics 

R-Square  0.008963 

Adjusted R-squared  -0.00827 

AIC  8.673368 

Log likelihood  -13899.4 

VOLATILITY SPILLOVER FROM GOLD(-1) to RP1(-1) 

Mean Equation 

PREMIUM 0.144 0.043 
Constant (ω) -0.083 0.008 

GOLD(-1) (β1) 1.000 0.000 
VP1 0.000 0.847 

D110 0.084 0.007 
D210 -0.001 0.670 
D310 0.001 0.811 
D410 0.000 0.960 
D510 0.001 0.338 
D610 0.001 0.604 
D710 -0.002 0.405 
D810 0.002 0.312 
D910 0.003 0.163 

D1010 -0.007 0.592 
D1110 0.017 0.024 
D1210 -0.001 0.633 

(Continued) 
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Appendix F6(Continued) 

KT -0.002 0.114 
TSD 0.016 0.959 
CJS -0.003 0.177 
GE -0.004 0.576 

GFC 0.004 0.564 
PMLQ -0.003 0.517 

TI -0.004 0.522 
ROM 0.001 0.848 
HFS 0.008 0.579 

LMJR -0.011 0.177 
Return Spillover RP1(-1) (β2) 0.000 0.799 

Variance equation 

Constant -1.801 0.030 
ARCH Effect (α) 0.105 0.000 
Asymmetry (θ) 0.093 0.000 

GARCH Effect (β) 0.601 0.000 
VP1 0.300 0.004 

D110 -2.049 0.015 
D210 0.035 0.826 
D310 -0.312 0.293 
D410 -0.579 0.040 
D510 -0.357 0.003 
D610 0.002 0.985 
D710 0.288 0.122 
D810 -0.200 0.228 
D910 0.294 0.018 

D1010 0.106 0.913 
D1110 -0.077 0.965 
D1210 -0.173 0.257 

KT 1.059 0.000 
TSD -4.525 0.656 
CJS 0.078 0.655 
GE 0.352 0.481 

GFC -0.469 0.358 
PMLQ 0.315 0.203 

TI 0.573 0.018 
ROM -0.376 0.117 
HFS -0.278 0.777 

LMJR -0.343 0.846 
Volatility Spillover GOLD(-1) to RP1(-1) (δ1) -0.001 0.374 

Diagnostics 

R-Square  0.925493 

Adjusted R-squared  0.924197 

AIC  -5.99308 

Log likelihood  9698.869 
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APPENDIX F-7 

 

 Empirical Results of Volatility Spillover from Rp10(-1) to Rm(-1) and Volatility Spillover 

from Rm(-1) to Rp1(-1) by using EGARCH-M model (General Approach) 

 

VOLATILITY SPILLOVER FROM RP10(-1) to RM(-1) 

 
Coefficient P-Value 

Mean Equation  

PREMIUM 0.034 0.649 

Constant (ω) -0.626 0.880 

RP10(-1) (β1) -0.037 0.023 

VP10 -0.345 0.793 

D101 1.782 0.590 

D201 0.304 0.917 

D301 2.803 0.003 

D401 -3.406 0.063 

D501 1.517 0.433 

D601 -0.430 0.687 

D701 0.960 0.480 

D801 13.267 0.163 

KT -1.298 0.401 

CJS -4.060 0.059 

TSD -1.274 0.997 

GE -3.421 0.604 

GFC 0.690 0.935 

PMLQ 5.054 0.402 

TI 0.564 0.669 

ROM -10.206 0.211 

HFS -1.326 0.866 

LMJR -3.194 0.586 

Return Spillover RM(-1) (β2) -12.252 0.048 

Variance Equation 

Constant 0.046 0.648 

ARCH Effect (α) 0.157 0.000 

Asymmetry (θ) 0.005 0.718 

GARCH Effect (β) 0.936 0.000 

VP10 0.101 0.041 

D101 0.006 0.897 

(Continued) 
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Appendix F7(Continued)   

D201 -0.051 0.214 

D301 -0.042 0.007 

D401 0.049 0.061 

D501 -0.051 0.072 

D601 -0.001 0.948 

D701 -0.037 0.250 

D801 -0.143 0.456 

KT 0.019 0.336 

CJS 0.080 0.074 

TSD -0.629 0.891 

GE 0.087 0.520 

GFC 0.016 0.911 

PMLQ -0.462 0.000 

TI 0.300 0.000 

ROM 0.171 0.314 

HFS 0.188 0.047 

LMJR -0.145 0.002 

Volatility Spillover RP10(-1) to RM(-1) (δ1) 1.556 0.051 

Diagnostics 

R-SQUARE  0.006812 

ADJUSTED R-SQUARED  -0.00794 

AIC  8.680606 

LOG LIKELIHOOD  -13897.4 

VOLATILITY SPILLOVER FROM RM(-1) to RP10(-1) 

Mean Equation   

PREMIUM 1.726 0.000 

Constant (ω) -0.071 0.002 

RM(-1) (β1) -0.002 0.841 

Return Spillover RP10(-1) (β2) 0.000 0.907 

VP10 0.000 0.667 

D101 0.034 0.022 

D201 0.003 0.603 

D301 0.011 0.000 

D401 -0.048 0.003 

D501 0.041 0.005 

D601 0.009 0.024 

D701 0.003 0.435 

D801 -0.031 0.324 

KT -0.003 0.180 

CJS -0.042 0.001 

TSD -1.846 0.905 

GE -0.018 0.624 

GFC 0.051 0.165 

PMLQ 0.030 0.001 

TI -0.067 0.000 

(Continued) 
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Appendix F7(Continued) 

ROM 0.039 0.068 

HFS 0.013 0.615 

LMJR 0.024 0.017 

Variance equation 

Constant -6.179 0.000 

ARCH Effect (α) 0.119 0.000 

Asymmetry (θ) -0.004 0.798 

GARCH Effect (β) 0.046 0.136 

Volatility Spillover RM(-1) to RP10(-1) (δ1) 0.000 0.992 

VP10 0.035 0.671 

D101 -1.278 0.000 

D201 -0.223 0.444 

D301 -0.544 0.000 

D401 1.840 0.000 

D501 -1.392 0.000 

D601 -0.573 0.001 

D701 -0.393 0.145 

D801 0.651 0.519 

KT 0.242 0.082 

CJS 1.861 0.000 

TSD 8.551 0.008 

GE 0.140 0.886 

GFC -1.502 0.129 

PMLQ -12.015 0.000 

TI 13.499 0.000 

ROM -0.426 0.593 

HFS -0.990 0.206 

LMJR -1.175 0.002 

Diagnostics 

R-SQUARE  0.377084 

ADJUSTED R-SQUARED  0.367834 

AIC  -5.70854 

LOG LIKELIHOOD  9218.775 
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APPENDIX F-8 

 

 

Empirical Results of Volatility Spillover from Rp10(-1) to Ex(-1) and Volatility Spillover 

from Ex(-1) to Rp10(-1) by using EGARCH-M model (General Approach 

VOLATILITY SPILLOVER FROM RP10(-1) to EX(-1) 

 
Coefficient  P-Value  

Mean Equation  

Premium  0.104471 0.189584 

Constant (ω) 5.345707 0.811701 

RP10(-1) (β1) -0.03838 0.030737 

VP10 -0.79561 0.61467 

D101 1.993414 0.543695 

D201 1.116323 0.700935 

D301 3.363826 0.000268 

D401 -4.10753 0.017859 

D501 2.221718 0.224899 

D601 -0.43168 0.680541 

D701 1.216738 0.369406 

D801 15.73579 0.109004 

KT -1.52374 0.321131 

CJS -4.23533 0.042892 

TSD 0.355682 0.999783 

GE -4.38349 0.537103 

GFC 1.144397 0.891819 

PMLQ 6.050326 0.260182 

TI 0.636627 0.792477 

ROM -13.4638 0.129809 

HFS -2.15062 0.7933 

LMJR -2.47977 0.707996 

Return Spillover EX(-1) (β2) -1.77828 0.746458 

Variance Equation  

Constant 3.277034 7.33E-06 

ARCH Effect (α) 0.296833 1.44E-18 

Asymmetry (θ) -0.02362 0.291745 

GARCH Effect (β) 0.805763 1.87E-176 

VP10 0.198647 0.019839 

D101 0.007389 0.941197 

D201 -0.0229 0.806295 

D301 -0.06484 0.062713 

D401 0.073907 0.235732 

(Continued) 
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Appendix F8(Continued)    

D501 -0.09419 0.168814 

D601 0.000112 0.998115 

D701 -0.07295 0.342894 

D801 -0.28572 0.395894 

KT 0.012229 0.791496 

CJS 0.086398 0.406351 

TSD -1.96207 0.984554 

GE 0.451717 0.137835 

GFC -0.15109 0.626073 

PMLQ -0.69072 2.05E-05 

TI 0.391641 0.006781 

ROM 0.444932 0.116201 

HFS 0.305724 0.135315 

LMJR -0.20902 0.058028 

Volatility Spillover RP10(-1) to EX(-1) (δ1) -0.69903 2.87E-05 

Diagnostics 

R-Square  -0.29434 

Adjusted R-Squared  -0.31356 

Aic  8.692961 

Log Likelihood  -13917.2 

VOLATILITY SPILLOVER FROM EX(-1) to RP10(-1) 

Mean Equation  

#NAME? 0.010 0.331 

C 0.000 0.017 

EX(-1) 1.000 0.000 

RP10(-1) 0.000 0.691 

VP10 0.000 0.756 

D101 0.000 0.039 

D201 0.000 0.033 

D301 0.000 0.358 

D401 0.000 0.002 

D501 0.000 0.612 

D601 0.000 0.250 

D701 0.000 0.733 

D801 0.000 0.607 

KT 0.000 0.095 

CJS 0.000 0.341 

TSD -0.002 0.992 

GE 0.000 0.046 

GFC 0.000 0.010 

PMLQ 0.000 0.567 

TI 0.000 0.092 

ROM 0.000 0.977 

HFS 0.000 0.655 

LMJR 0.000 0.135 

(Continued) 
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Appendix F8(Continued) 

Variance equation 

Constant -2.837 0.000 

ARCH Effect (α) 1.641 0.025 

Asymmetry (θ) -0.150 0.092 

GARCH Effect (β) 0.843 0.000 

VP10 0.289 0.011 

D101 0.171 0.168 

D201 -0.418 0.000 

D301 0.027 0.501 

D401 -0.114 0.155 

D501 0.167 0.058 

D601 -0.226 0.000 

D701 0.178 0.066 

D801 -0.385 0.272 

KT -0.208 0.002 

CJS -0.066 0.639 

TSD 10.687 0.000 

GE -0.028 0.950 

GFC 0.242 0.594 

PMLQ -0.186 0.426 

TI 0.083 0.696 

ROM 0.293 0.354 

HFS 0.047 0.836 

LMJR 0.379 0.010 

Volatility Spillover EX(-1) to RP10(-1) (δ1) 0.005 0.000 

Diagnostics 

R-Square  0.986224 

Adjusted R-Squared  0.98602 

Aic  -11.4703 

Log Likelihood  18475.05 
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APPENDIX F-9 
 

 

 

 Empirical Results of Volatility Spillover from Rp10(-1) to FXR(-1) and Volatility Spillover 

from FXR(-1) to Rp10(-1) by using EGARCH-M model (General Approach 

VOLATILITY SPILLOVER FROM RP10(-1) to FXR(-1) 

 
Coefficient P-Value  

Mean Equation  

Premium 0.046 0.551 

Constant (ω) -30.954 0.789 

RP10(-1) (β1) -0.037 0.025 

VP10 -0.113 0.935 

D101 1.640 0.617 

D201 0.590 0.852 

D301 2.376 0.225 

D401 -3.227 0.087 

D501 1.243 0.509 

D601 -0.486 0.648 

D701 0.947 0.485 

D801 13.450 0.147 

KT -1.349 0.380 

CJS -3.986 0.067 

TSD -0.638 0.998 

GE -3.158 0.621 

GFC 0.195 0.981 

PMLQ 5.318 0.371 

TI 0.946 0.500 

ROM -11.148 0.160 

HFS -1.012 0.898 

LMJR -3.299 0.586 

Return Spillover FXR(-1) (β2) 9.061 0.801 

Variance Equation 

Constant 6.344 0.001 

ARCH Effect (α) 0.161 0.000 

Asymmetry (θ) 0.005 0.744 

GARCH Effect (β) 0.932 0.000 

VP10 0.106 0.030 

D101 0.011 0.818 

D201 0.030 0.534 

D301 0.057 0.051 

(Continued) 
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Appendix F9(Continued)   

D401 0.082 0.006 

D501 -0.050 0.091 

D601 -0.001 0.977 

D701 -0.033 0.326 

D801 -0.132 0.489 

KT 0.005 0.817 

CJS 0.076 0.102 

TSD -0.535 0.892 

GE 0.092 0.507 

GFC 0.032 0.825 

PMLQ -0.468 0.000 

TI 0.301 0.000 

ROM 0.188 0.259 

HFS 0.161 0.099 

LMJR -0.156 0.002 

Volatility Spillover RP10(-1) to FXR(-1) (δ1) -1.965 0.001 

Diagnostics 

R-Square  0.005563 

Adjusted R-Squared  -0.0092 

AIC  8.682332 

Log Likelihood  -13900.2 

VOLATILITY SPILLOVER FROM FXR(-1) to RP10(-1) 

Mean Equation  

Premium 2.283 0.036 

Constant (ω) 0.001 0.131 

FXR(-1) (β1) 0.999 0.000 

VP1 0.000 0.011 

D110 0.001 0.061 

D210 0.000 0.048 

D310 0.000 0.659 

D410 0.000 0.195 

D510 0.000 0.031 

D610 0.000 0.013 

D710 0.000 0.137 

D810 0.000 0.635 

D910 0.000 0.076 

D1010 0.000 0.710 

D1110 0.000 0.900 

D1210 0.000 0.149 

KT 0.000 0.527 

TSD 0.000 0.999 

CJS 0.000 0.161 

GE 0.000 0.507 

GFC 0.000 0.810 

PMLQ 0.000 0.682 

(Continued) 
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Appendix F9(Continued) 
  

TI 0.000 0.832 

ROM 0.000 0.076 

HFS 0.000 0.828 

LMJR 0.000 0.844 

Return Spillover RP10(-1) (β2) 0.000 0.001 

Variance Equation  

Constant -16.041 0.000 

ARCH Effect (α) -0.003 0.096 

Asymmetry (θ) 0.007 0.044 

GARCH Effect (β) 0.009 0.856 

VP1 0.256 0.038 

D110 -2.420 0.000 

D210 1.063 0.000 

D310 0.515 0.326 

D410 -1.464 0.004 

D510 1.737 0.000 

D610 -1.096 0.016 

D710 -0.113 0.771 

D810 -0.497 0.091 

D910 1.673 0.000 

D1010 0.583 0.778 

D1110 -0.015 0.996 

D1210 0.702 0.013 

KT -0.073 0.162 

TSD 0.032 1.000 

CJS -0.679 0.030 

GE 0.796 0.226 

GFC -0.368 0.587 

PMLQ -0.181 0.703 

TI -0.083 0.849 

ROM 1.198 0.004 

HFS -0.347 0.867 

LMJR -0.173 0.948 

Volatility Spillover FXR(-1) to RP10(-1) (δ1) -0.002 0.056 

Diagnostics 

R-Square  0.999493 

Adjusted R-Squared  0.999484 

AIC  -14.7727 

Log Likelihood  23795.67 
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APPENDIX F-10 

 

 

Empirical Results of Volatility Spillover from Rp10(-1) to Oil(-1) and Volatility Spillover 

from Oil(-1) to Rp10(-1) by using EGARCH-M model (General Approach 

VOLATILITY SPILLOVER FROM RP10(-1) to OIL(-1) 

 
Coefficient  p-value  

Mean Equation  

Premium -0.015 0.840 

Constant (ω) 18.942 0.060 

RP10(-1) (β1) -0.036 0.024 

VP10 -0.140 0.917 

D101 1.655 0.616 

D201 2.724 0.368 

D301 3.635 0.000 

D401 -2.102 0.262 

D501 1.991 0.301 

D601 -0.334 0.754 

D701 1.759 0.208 

D801 11.862 0.214 

KT -1.402 0.359 

CJS -3.500 0.114 

TSD -1.811 0.999 

GE -2.513 0.681 

GFC 1.594 0.846 

PMLQ 3.472 0.581 

TI 0.498 0.696 

ROM -10.673 0.185 

HFS -0.460 0.953 

LMJR -2.467 0.666 

Return Spillover OIL(-1) (β2) -2.933 0.027 

Variance Equation  

Constant 0.541 0.008 

ARCH Effect (α) 0.144 0.000 

Asymmetry (θ) 0.001 0.954 

GARCH Effect (β) 0.941 0.000 

VP10 0.081 0.086 

D101 -0.011 0.785 

D201 0.005 0.898 

D301 -0.011 0.430 

(Continued) 
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Appendix F10(Continued)   

D401 0.068 0.010 

D501 -0.029 0.270 

D601 0.004 0.822 

D701 -0.013 0.676 

D801 -0.121 0.510 

KT 0.030 0.113 

CJS 0.079 0.058 

TSD -0.572 0.980 

GE 0.049 0.693 

GFC 0.068 0.607 

PMLQ -0.439 0.000 

TI 0.244 0.002 

ROM 0.148 0.354 

HFS 0.121 0.178 

LMJR -0.068 0.123 

Volatility Spillover RP10(-1) to OIL(-1) (δ1) -0.071 0.004 

Diagnostics 

R-Square  0.08936 

Adjusted R-Squared  0.05 

AIC  8.67 

Log Likelihood  -13891.9 

VOLATILITY SPILLOVER FROM OIL(-1) to RP10(-1) 

Mean Equation  

Premium  -0.187 0.453 

Constant (ω) 0.058 0.001 

OIL(-1) (β1) 0.991 0.000 

Return Spillover RP10(-1) (β2) 0.000 0.640 

VP10 0.002 0.701 

D101 -0.001 0.811 

D201 0.008 0.182 

D301 0.001 0.534 

D401 0.004 0.149 

D501 0.001 0.815 

D601 0.000 0.838 

D701 0.003 0.218 

D801 -0.002 0.926 

KT 0.001 0.601 

CJS 0.006 0.062 

TSD 0.014 0.461 

GE -0.014 0.033 

GFC 0.015 0.027 

PMLQ -0.007 0.334 

TI -0.005 0.564 

ROM -0.013 0.335 

HFS 0.016 0.387 

(Continued) 
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Appendix F10(Continued) 

LMJR 0.004 0.816 

Variance Equation  

Constant -2.751 0.000 

ARCH Effect (α) 0.034 0.064 

Asymmetry (θ) 0.013 0.479 

GARCH Effect (β) 0.633 0.000 

Volatility Spillover OIL(-1) to RP10(-1) (δ1) 0.001 0.425 

VP10 -0.006 0.957 

D101 0.309 0.012 

D201 -0.469 0.000 

D301 -0.141 0.002 

D401 0.070 0.327 

D501 -0.138 0.089 

D601 -0.087 0.180 

D701 0.110 0.288 

D801 0.327 0.471 

KT 0.302 0.000 

CJS 0.004 0.976 

TSD -7.893 0.197 

GE -0.187 0.605 

GFC 0.296 0.431 

PMLQ 0.057 0.822 

TI 0.362 0.151 

ROM 0.006 0.988 

HFS 0.004 0.989 

LMJR -0.851 0.000 

Diagnostics 

R-Square  0.861 

Adjusted R-Squared  0.867 

AIC  -4.61 

Log Likelihood  7458.3 
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APPENDIX F-11 

 

 

 Empirical Results of Volatility Spillover from Rp10(-1) to Gold(-1) and Volatility Spillover 

from Gold(-1) to Rp1(-1) by using EGARCH-M model (General Approach 

VOLATILITY SPILLOVER FROM RP10(-1) to GOLD(-1) 

 
Coefficient p-value 

Mean Equation  

Premium  0.029 0.696 

Constant (ω) 10.801 0.358 

RP10(-1) (β1) -0.037 0.021 

VP10 -0.049 0.968 

D101 1.973 0.549 

D201 0.340 0.908 

D301 3.468 0.002 

D401 -2.822 0.121 

D501 1.617 0.403 

D601 0.034 0.977 

D701 1.547 0.297 

D801 12.868 0.179 

KT -1.233 0.422 

CJS -3.745 0.087 

TSD -0.670 1.000 

GE -2.047 0.744 

GFC -0.602 0.940 

PMLQ 4.959 0.398 

TI 1.062 0.393 

ROM -10.267 0.206 

HFS -0.325 0.967 

LMJR -3.243 0.563 

Return Spillover GOLD(-1) (β2) -1.995 0.272 

Variance equation 

Constant 0.076 0.721 

ARCH Effect (α) 0.141 0.000 

Asymmetry (θ) 0.009 0.495 

GARCH Effect (β) 0.953 0.000 

Vp10 0.076 0.089 

D101 0.004 0.907 

D201 -0.042 0.224 

D301 -0.024 0.110 

D401 0.038 0.083 

(Continued) 
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D501 -0.039 0.104 

D601 0.002 0.888 

D701 -0.028 0.319 

D801 -0.087 0.624 

KT 0.017 0.308 

CJS 0.068 0.068 

TSD -0.319 0.990 

GE 0.004 0.971 

GFC 0.077 0.542 

PMLQ -0.420 0.000 

TI 0.274 0.000 

ROM 0.140 0.374 

HFS 0.129 0.127 

LMJR -0.107 0.007 

Volatility Spillover RP10(-1) to GOLD(-1) (δ1) -0.010 0.738 

Diagnostics 

R-Square  0.07 

Adjusted R-Squared  0.07 

AIC  8.67 

Log Likelihood  -13895.5 

VOLATILITY SPILLOVER FROM GOLD(-1) to RP10(-1) 

Mean Equation  

Premium  -0.065 0.530 

Constant (ω) 0.018 0.074 

GOLD(-1) (β1) 0.997 0.000 

Return Spillover RP10(-1) (β2) 0.000 0.961 

VP10 0.000 0.996 

D101 0.000 0.817 

D201 -0.002 0.299 

D301 0.002 0.013 

D401 -0.001 0.359 

D501 0.003 0.045 

D601 0.000 0.820 

D701 0.004 0.052 

D801 0.001 0.959 

KT 0.001 0.245 

CJS -0.002 0.500 

TSD 0.013 0.966 

GE -0.002 0.745 

GFC 0.001 0.806 

PMLQ -0.002 0.542 

TI 0.005 0.419 

ROM -0.001 0.964 

HFS -0.003 0.640 

LMJR 0.001 0.747 

(Continued) 
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Appendix F11(Continued) 

Variance equation 

Constant -3.871 0.000 

ARCH Effect (α) 0.146 0.000 

Asymmetry (θ) 0.128 0.000 

GARCH Effect (β) 0.607 0.000 

Volatility Spillover GOLD(-1) to RP10(-1) (δ1) 0.000 0.778 

VP10 0.252 0.078 

D101 0.076 0.618 

D201 -0.676 0.000 

D301 0.022 0.664 

D401 -0.244 0.010 

D501 0.422 0.000 

D601 -0.076 0.320 

D701 0.267 0.032 

D801 -0.624 0.149 

KT 0.579 0.000 

CJS 0.065 0.701 

TSD 0.198 0.948 

GE 0.168 0.715 

GFC -0.271 0.562 

PMLQ 0.202 0.408 

TI 0.628 0.011 

ROM 0.254 0.387 

HFS -0.213 0.576 

LMJR -0.491 0.004 

Diagnostics 

R-Square  0.63 

Adjusted R-Squared  0.62 

AIC  6.00 

Log Likelihood  9698.6 
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