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Abstract  

This thesis focuses on the relationship between short-term interest rate and stock 

prices. The main idea is that if interest-rate increases, it makes holding stocks less 

attractive relative to fixed income securities. Therefore, investors change the structure 

of their portfolios and switch capital from stocks to banks, which results in stock 

prices decrease. In our thesis, we apply GJR-GARCH-t-M model to study the impact 

of Czech interest rate (14-day PRIBOR) on the Prague Stock Exchange (the PX 

index). In contrast to the majority of research on this topic, we have found no impact 

of the PRIBOR rate on the PX index - neither on its mean nor on its volatility. We 

attribute the absence of a significant relationship to exceptional composition of the 

PX index. Furthermore, we have found that the recent crisis has significantly changed 

the behavior of the Czech stock market. 
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Abstrakt  

Tato práce se zaměřuje na zkoumání vztahu mezi krátkodobou úrokovou mírou a 

cenami akcií. Hlavní ideou je, že pokud dojde ke snížení úrokových měr, poklesne 

současná hodnota budoucích příjmů z dividend, což vyústí v pokles poptávky po 

akciích a tedy i jejich cen. V naší práci aplikujeme GJR-GARCH-t-M model, 

abychom zkoumali vliv české úrokové míry (14-denní PRIBOR) na index Burzy 

cenných papírů Praha (PX index). Narozdíl od většiny studií se nám nepodařilo nalézt 

žádný signifikantní vztah mezi úrokovou sazbou PRIBOR a PX indexem (ani v 

prvním, ani v druhém momentu). Tento fakt vysvětlujeme neobvyklou skladbou PX 

indexu se značnou váhou bankovních institucí. Zjistili jsme, že nedávná hospodářská 

recese signifikantně změnila chování českého burzovního trhu. 
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Introduction 

The importance of financial sector within the whole economy, not only in individual 

countries, but also in the whole world, has been increasing in recent decades. Hamrita 

and Trifi (2011) refer to the development of new technologies, which made access to 

financial markets much easier and trading more dynamic. On the other hand, the 

process of liberalization and globalization of financial markets, as a result of 

development of new technologies, led to higher exposure to various sources of risks. 

Especially interest rate and exchange rate fluctuations are considered to be major 

sources of risks, which caused failure of numerous financial institutions (Kasman et 

al., 2011). 

One of the most important parts of the financial sector is the stock market. According 

to Alam and Uddin (2009), the stock market enables investors to make long-term 

commitments in real capital. Therefore, the level of efficiency of the stock market is 

crucial not only for investors, but also for policy makers, and other major market 

players. The significance of the stock market is expressed by the general feeling that 

it is considered to be an indicator of the health of the economy (Hamrita and Trifi, 

2011; Aurangzeb and Asif, 2012). The stock market reveals the confidence of 

domestic and global investors toward future development of economic conditions. In 

economics, we often observe the phenomenon that the expectations about future have 

a direct impact on the actual future development. Therefore, if the stock market 

reveals lack of confidence of investors in future development, it can eventually cause 

bad development of macroeconomic environment in future. This relationship was 

confirmed in the study by Lee (1992), which showed that the stock market 

development could predict growth in the industrial production index, which is one of 

the most crucial macroeconomic variables, highly associated with GDP. Moreover, 

Fama (1981) found that there was a positive relation of real stock returns to real 

activity. 

Interest rate is another crucial economic variable, strongly affecting the economic 

development. Interest rate expresses an amount charged to a borrower for using 



  12 

borrowed assets for some period of time. A lender postpones his current consumption 

for some fee, which enables him to consume more in the next period. Arango et al. 

(2002) refer to the Euler equation where marginal benefit of consuming one dollar 

has to be equal to marginal benefit of investing one dollar and consuming later. As 

the interest rate expresses the cost of investment, the development of interest rates 

highly affects the growth of economy (Aurangzeb and Asif, 2012). Therefore, it is 

important not only to monitor its development, but also to manage it reasonably from 

policy maker perspective to ensure long-term economic growth. 

However, the relationship between interest rate and stock prices is not important only 

for policy makers. As the interest rate influences the stock market development, 

especially the investors should care about its movements and about the monetary 

policy of central banks that is closely connected with it. However, as Geske and Roll 

(1983) concluded, governments should be also highly interested in stock prices 

because a change in stock returns induces a change in government revenues in the 

same direction through taxes. Thus, the analysis of interest rate impact on stock 

returns is generally very useful and brings some important implications. Elyasiani 

and Mansur (1998) state that interest rate risk caused numerous bank failures in 

1970s and 1980s due to high interest rate volatility, but also due to high interest rate 

sensitivity of financial institutions. Therefore, also regulatory authorities should be 

interested in relationship between interest rate and stock market returns. 

The objective of this thesis is to inspect the relationship between interest rate and 

stock prices for the case of the Czech Republic. In this regard, we employ an 

estimation of the GJR-GARCH-t-M model for daily data describing the effect of the 

PRIBOR rate on the PX index. The rational for choosing this particular country is 

following. It is challenging to find out whether the general theoretical statement of 

negative influence of increase in interest rates on stock prices is valid also for the 

Czech case. The Czech Republic is a small and highly open economy in the middle of 

Europe. Our results could bring evidence on whether the Czech stock market depends 

strongly on the domestic interest rate or rather on certain foreign factors. In addition, 

there are not many research papers analyzing the situation in this field in the Czech 

Republic. 
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The GJR-GARCH-t-M model is employed because the ARCH family models have 

become the benchmark for modeling changing volatility of stock market returns 

through time. In these models (GARCH), the conditional variance is a function of 

past shocks allowing volatility to evolve over time and permitting volatility shocks to 

persist. With our model specification, we can capture some typical characteristics of 

stock market time series such as the volatility clustering effect, the leptokurtosis, the 

leverage effect, and the risk premium effect. Another important property of our 

model is the implementation of proxy for interest rate variance into variance 

equation. The idea behind this implementation is that interest rate volatility can 

explain stock market return volatility - the volatility spillover effect. Therefore, we 

are interested in two effects originating from the interest rate: the effect of interest 

rate changes on stock market returns and the effect of interest rate volatility on stock 

market volatility. This extension of our model allows us to create a more 

comprehensive and accurate picture about the relationship between interest rate and 

stock prices. Regarding GARCH-in-mean models with spillover effects we generally 

follow Elyasiani and Mansur (1998), Ryan and Worthington (2004), and Beirne et al. 

(2009).  

Moreover, we implement an interesting idea of Králik (2012) into our model. He 

estimated whether the Great Recession in 2007 has somehow changed the sensitivity 

of stock market returns to macroeconomic variables. The Great Recession is one of 

the biggest economic crises which have hit the world’s economy in modern history. It 

is considered the deepest recession since the Great Depression in the Thirties of the 

20th century. It has primarily hit the developed countries, but the consequences were 

noticeable in other parts of the world as well. The Great Recession has induced and 

uncovered some other problems (particularly the debt crisis and the crisis of 

competitiveness in Europe). Among economists and politicians, it is widely believed 

that the Great Recession has changed many deep-rooted opinions and relations. The 

estimation of our models for the periods before and after the crisis can thus provide 

us with important information on whether the crisis has changed the impact of 

interest rates (and other variables) on Czech stock prices. 

The whole paper is organized into five sections and a conclusion. In the first section 

we provide the reader with some theory and related literature. The second section 
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describes the methodology. The third section presents models and variables used in 

our study. In the fourth section, we present the results. In the fifth section, we discuss 

our results and their implications. Finally, in the conclusion part, we make a summary 

of the whole paper. 
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1. Motivation 

The section is divided into two parts. The first part describes some basic principles 

regarding the relationship between interest rate and stock prices. In particular, two 

channels through which interest rate can affect stock prices are introduced. In the 

second part, the results made by previous research on similar topics are presented. 

1.1 Theoretical Background 

The principal theoretical question of this thesis is the impact of interest rate on stock 

prices. Theoretically, the interest rate should be negatively related to stock prices. 

What is the idea behind this statement? There are two main mechanisms. As Alam 

and Uddin (2009) state, if the interest rate on bank deposits increases, people switch 

their assets from stocks to banks, which leads to a decline of demand for stocks, and 

thus into decline of stock prices. Generally, the interest rate growth raises the 

attractiveness of fixed income securities relatively to stocks, which causes a change 

in the structure of portfolio investments (Jawaid and Ul Haq, 2012). Changes in 

interest rates also affect the rate at which firms capitalize their cash flows and also 

alter the expectations about future cash flows (Lobo, 2000).  

The second mechanism passes through the investment channel. An interest rate 

increase leads to an increase of lending rates imposed on bank loans, inducing a 

decrease in of investors’ willingness to borrow and invest. The investment decline is 

a bad signal for stock markets, which leads again to a decrease of stock prices. 

Hamrita and Trifi (2011), Aurangzeb and Asif (2012), and Mok (1993) agree with the 

idea that a rise of interest rates raises the cost of doing business and reduces the value 

of equity. This negatively affects business profitability. 

We can summarize the above theory in the following equations: 

   (      )   (  )   ( )   ( ) (1.1) 

Variable SP denotes stock prices, which are a function of the interest rate (IR), 

investment (I), and other exogenous variables (X). 
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   (      )   (  )   ( (    ( )))   ( ) (1.2) 

Investment can be rewritten as a function of the interest rate and other exogenous 

variables (Y). 

 
  ( (    ( )))

  
     

  (    ( ))

   
   (1.3) 

We assume that stock prices are positively related to investment since higher demand 

for investment leads to an increase in stock prices. We also assume that there is a 

negative relationship between interest rate and investment, which is elementary 

principle of economics. 

 
  ( )

   
     

  ( )

   
   (1.4) 

To make our model reasonably simple, we assume that exogenous variables X and Y 

are independent of the interest rate. 

 
  (  )

   
   (1.5) 

The expression (1.5) shows the principle of the first channel. If the interest rate 

increases, investors switch money from stocks to banks, which causes stock prices to 

decline. It can be perceived as a classical substitution effect. 

 
  ( (    ( )))

   
 

  ( (    ( )))

  
 
  (    ( ))

   
   (1.6) 

The equation (1.6) shows the principle of the second channel. An interest rate growth 

leads to decline in investment. Since investment and stock prices are positively 

related, it will lead to fall in stock prices. This effect can be understood as a wealth 

effect. 

    (      )

   
 

  (  )

   
(  )  

  ( (    ( )))

   
(  )  

  ( )

   
(  ) (1.7) 

Therefore, as is shown in the equation (1.7), the overall effect of interest rate on stock 

prices according to our model should be negative. 
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As we describe in the next section, the expected negative impact of interest rate on 

stock prices was proven by many analyses with different models, using data of 

various frequencies and from various countries. Nevertheless, there are some sources 

claiming that there is not any significant relationship between these two variables. 

The conclusions depend mainly on two factors. The first is the frequency of data 

because the less frequent data we have, the more information we lose. In our analysis 

we use daily data to keep as much information as possible. Whether one uses the 

short or the long-term interest rate is another quite important aspect. The short-term 

interest rates tend to be more often a significant determinant of stock indices than the 

long-term interest rates. We can think about the short and long-term interest rates as 

being substitutes to each other, but from a long-term perspective, interest rate returns 

and stock market returns can be positively associated since the arbitrage principle 

tends to make them equally profitable.  

1.2 Literature Review 

The relationship between stock prices and interest rates is such a significant topic that 

it has become the subject of many research analyses, which have used various types 

of statistical approaches. As we have already said, the expected negative impact of 

interest rates on stock prices has been proved by many researchers. Although we 

focus on recent papers, some older works are included as well. As far as the 

geographic classification is concerned, we cover a diverse group of countries. 

Alam and Uddin (2009) estimated the influence of bank deposit interest rate on share 

prices. They used monthly data from 1988 to 2003 for fifteen various developed and 

developing countries from the whole world, which were well distributed according to 

geographical location and level of development. The OLS method was applied on 

variables in levels, and a negative significant effect was found for twelve out of 

fifteen countries. Nonetheless, there was probably a problem of nonstationarity, 

which was also indicated by some abnormally high t-statistics. When variables were 

transformed into differences, the negative significant effect was found only for six 

countries. Alam and Udin also used one-way and two-way random and fixed effect 

models for panel data. In these types of models, they found a strong negative 

relationship between interest rate and share prices for both types of data. 
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Ahmad, Ur Rehman and Raoof (2010) tested the effect of interest rate changes and 

exchange rate changes on stock market returns in Pakistan. Using yearly over 1998 to 

2009, they discovered a negative impact of interest rate and positive impact of 

exchange rate on stock returns for the Karachi Exchange Stock 100 index. 

Another analysis of Pakistani data by Jawaid and Ul Haq (2012) investigated not only 

the effect of interest rate and exchange rate, but also the effect of their volatilities on 

stock prices of banking industry using a GARCH model for monthly data from 2004 

to 2010. They describe the exchange rate effect as more complicated than the interest 

rate effect. Current depreciation makes local firms more competitive, leading to an 

increase in export, which is a positive impulse for stock prices. At the same time, if 

production is based on imported inputs, depreciation makes inputs more expensive 

resulting in a decline of stock returns. All variables were tested for stationarity using 

the Dickey-Fuller test and all variables became stationary when differenced. Jawaid 

and Ul Haq also distinguished the impact of short-term and long-term interest rate. 

They controlled for the influence of other variables, such as foreign direct 

investment, trade balance, and consumer price index. They found a significant 

negative effect of the short-term interest rate on stock prices, but no significant effect 

of the long-term interest rate. The rational for the latter is that short-term investments 

in stocks are not affected by the changes in the long-term interest rate. An interesting 

result is the evidence that higher volatility in short-term interest rate and exchange 

rate raises stock prices. The authors offered following explanation for this 

phenomenon. In times of higher interest rate and exchange rate volatilities, investors 

transfer their money from “exchange rate investments” and bank deposits to stocks 

looking for possible investments with lower volatility. 

The analysis of Momani and Alsharari (2012) contains an estimation of the impact of 

changes in annual interest rates on long-term deposits on stock prices for the Amman 

Stock Exchange over 1992-2010. They regressed five different dependent variables, 

namely the general stock index and the stock indices for industry, banking, insurance, 

and service sectors. In all five models, they found a significant negative impact of the 

interest rate. 

Králik (2012) dealt with the Bucharest Stock Exchange. As dependent variables, he 

chose the main Romanian stock indices, BET and BET-FI. Moreover, he included 
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several domestic variables: the domestic interbank rate, the consumer price index, the 

industrial production index, the nominal exchange rate, and others. The author puts 

emphasis on the effect of globalization on financial markets, so he included external 

factors (gold and oil prices) as exogenous variables into his model. VAR and VECM 

analyses were applied on monthly data from 2002 to 2011. The author came with an 

interesting idea which we incorporate into this thesis. He suggested that the recent 

Great Recession starting in 2007 could change the behavior of financial markets in 

the sense that market players become more sensitive to certain signals which were 

ignored in previous calm times. Using the Chow test, he found a breaking point in the 

relationship in December 2008. Before the breaking point, the Romanian stock index 

was affected mainly by domestic factors, whereas after the start of crisis external 

factors became more relevant. Again, a significant negative relationship between the 

domestic interest rate and the stock returns was found. 

One of the relatively older analyses is the paper made by Zhou (1996). He studied the 

impact of interest rate on stock returns in detail, especially for longer horizons. He 

used US monthly data on a quite long period between 1926 and 1994. The yields on 

U.S. Treasury securities were used as nominal interest rates. It is a question whether 

such a long sample of data can provide enough of compactness needed for solid 

estimates in such a dynamic environment where the development of new technologies 

completely changes the system of trading. The estimation concluded that there is a 

significant negative correlation between short-term nominal stock returns and short-

term nominal interest rates, but for longer periods (24 months and more) the 

coefficients for long-term nominal interest rates are significantly positive and close to 

one. In addition, the predictive power of interest rates for stock returns increases 

rapidly with time horizons. This suggests that the behavior of stock market over the 

short-term differs to that of long-term. 

Léon (2008) investigated interest rate changes effect on stock returns and volatility in 

an emerging equity market of Korea using weekly data from the Korean Stock Price 

Index 200 between 1992 and 1998. He applied a GARCH model to study the impact 

of interest rates not only on stock market returns but also on its volatility. As an 

interest rate variable, he used weekly 91-day yield of the Negotiable Certificates of 
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Deposits. His results suggest that the interest rate has a statistically significant 

negative influence on stock returns. 

Hamrita and Trifi (2011) used a wavelet analysis, which is an analytical tool 

decomposing a given series in its orthogonal components, as in Fourier 

transformation, but according to time components instead of frequencies. The 

analysis was applied on monthly data covering the period from 1990 to 2008. The 

interest rate was represented by the American 3-months Treasury securities and the 

stock prices by the S&P500 index. In the contrast to most of the literature, they 

concluded that the two series are independent in short horizons. 

Most analyses so far employed monthly or yearly data. Mok (1993) examined daily 

data in order to capture the market dynamics that can last very short time (a few days 

or even hours). He applied ARIMA models to explore relationships between daily 

interest rates, exchange rates, and stock prices in Hong Kong for the period 1986-

1991. Hong Kong interbank offered rate (HIBOR) represented the short-term interest 

rate. The author estimated the impact of HIBOR on daily closing stock index prices 

in one model and the impact of overnight HIBOR on opening stock index prices in 

the second model. He found that the impact of short-term interest rate in both models 

is insignificant for all lags. Thus, interest rate does not have a significant predictive 

power for stock prices. In other words, the Hong Kong stock market is quite efficient 

as it quickly incorporates the information from interest and exchange rates in its daily 

prices. 

Another paper using daily data (from 1994 to 2000) is Arango, González and Posada 

(2002). They investigated how the short-term interest rate (represented by the 

Colombian interbank loan interest rate) affected stock prices (represented by the 

Bogotá stock index) on the Bogotá stock market. A nonlinear econometric model was 

applied due to the stylized fact of volatile periods characterized by large returns 

altering with quiet periods of small returns. They discovered a lagged negative effect. 

They explained the lag by the agents waiting several days before acting to find out 

whether the interest rate change was temporary or permanent because of supposed 

high transaction costs. 
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Lobo (2000) studied the influence of interest rate expectations on the basis of Fed 

actions on equity prices. He states that interest rate can influence equity prices 

through two channels: either by affecting the rate at which the firms’ cash flows will 

be capitalized, or by altering the expectations about future cash flows. The Fed 

actions are often perceived by stock market participants as indications about the 

future development of interest rates and inflation. Investors and investment 

consultants rely on Fed policy as it represents an important input in their portfolio 

selection process. He focused on estimating the reaction of stock prices to 

announcements of changes in federal funds target rate. An asymmetric autoregressive 

exponential GARCH model was applied to study the degree of aversion to downside 

risk. With this framework, he examined the hypothesis that market participants react 

faster to news, indicating overpricing (bad news). Interest rate changes were 

separated into two groups: expected and unexpected changes. Since in efficient 

markets expected changes are already priced in stocks, only unexpected events can 

cause price movements. Daily data from 1990 to 1998 were used for the S&P 500 

stock index. He found that positive returns show much more persistency than 

negative returns and stock market participants react to news suggesting overpricing 

faster than to news suggesting underpricing. In particular, risk aversion increases 

before joint targets are announced. 

Regarding the research on Czech data, we refer to the analysis by Hsing (2011). The 

author estimated the dependence of the Czech stock market index on various 

macroeconomic variables, including domestic and foreign real interest rate, real 

output, the money supply, the CZK/USD exchange rate, and others. A GARCH 

model was used on quarterly data over 2002-2010. Since variables are taken in levels 

and the author did not provide any comment about stationarity problem, which is 

supported by abnormally high R-squared statistics, we have to take results carefully. 

Anyway, he concluded that both domestic and foreign real interest rates have a 

significant negative impact on stock prices. 

Hanousek and Filer (2000) examined whether the stock markets in Central Europe 

countries (Poland, Hungary, Slovakia, and the Czech Republic) exhibit the semi-

strong form efficiency for monthly data from 1993 to 1999. The least absolute 

deviation model was used instead of OLS model to reduce the effect of outliers. They 
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were able to reject the semi-strong form efficiency for Poland and Hungary, which 

implies the possibility of existence of profitable trading strategies based on public 

information. In case of the Czech economy, the situation was more complex. The 

semi-strong efficiency requires generally two conditions to be fulfilled. Firstly, a 

contemporaneous relationship between real variables and returns must exist, but at 

the same time lagged values of real variables must not predict current returns. In the 

Czech case none of lagged variables had a predictive power with respect to equity 

returns, but contemporaneous information from real variables were not linked to 

equity returns either. They concluded that Czech stock market index was more and 

more divorced from reality – becoming more unpredictable. Unlike Polish and 

Hungarian indices, Czech index had a much weaker link to German or US indices, 

which proposes some separation from the outside world. It warns us of possible 

complications in our analysis when trying to model such an unpredictable and 

independent index. 

US monthly data from 1975 to 1999 were analyzed by Ratanapakorn and Sharma 

(2007). They applied a VECM model to examine the relationship between the S&P 

500 index and various macroeconomic variables such as real economic activity, 

money supply, inflation, long-term interest rate, short-term interest rate and exchange 

rate. Cointegration was found between these variables. No short-term Granger 

causality was revealed; all variables affect stock prices in long-term. Ten-year 

government bonds, representing the long-term interest rate variable, had a negative 

significant impact on stock prices. On the other hand, the short-term interest rate 

surprisingly had a positive significant impact, in contrary to all previously mentioned 

studies. 

Ryan and Worthington (2004) quantified the market risk, interest rate risk, and 

foreign exchange rate risk in Australian banking sector. The GARCH-M (1, 1) model 

was applied since it is parsimonious, but at the same time it allows for long memory 

in the volatility process. The authors added conditional interest rate volatility variable 

into the variance equation of stock returns. The idea is that interest rate volatility 

brings critical information about overall volatility and predicts the stock market 

volatility (the volatility spillover effect). The specific characteristics of GARCH-in-

mean models is that they allow us to study the effect of risk premium since higher 
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returns are demanded by risk-averse investors in presence of higher risk factors 

(higher stock market volatility). Daily data for 1996 to 2001 were used. They 

concluded that short-term and medium-term interest rates and volatilities were 

significant determinants of Australian bank stock returns, but long-term interest rate 

and exchange rate were insignificant. The risk premium effect measured with in-

mean term was, however, insignificant for all types of interest rates. The volatility 

spillover effect was significant in all models, negative for short-term interest rate and 

positive for medium and long-term interest rates. 

Beirne, Caporale and Spagnolo (2009) investigated the sensitivity of stock returns to 

the market risk, interest rate risk, and exchange rate risk in European countries, as 

well as in the US and Japan. They analyzed monthly data for three different sectors 

(banks, financial services, insurance services). A four-variate GARCH-M model that 

considered the volatility spillover effect was applied. The study is really extensive as 

it contains sixteen countries, three types of risks, three sectors, and two types of 

interest rate. The negative relationship between interest rate and stock prices was 

found approximately in half of the cases, otherwise the relationship was insignificant. 

The risk premium effect was either negative or insignificant, opposite to our intuition, 

since bearing higher risks should be rewarded by higher returns. The volatility 

spillover effect was mostly negative meaning that higher interest rate volatility is 

associated with lower stock market volatility. 

Both previously reviewed studies were strongly linked to Elyasiani and Mansur 

(1998). Their study analyzes 56 banks’ stocks traded on the New York and other 

American stock exchanges. They employed a GARCH-M model on monthly data 

from 1970 to 1992 to estimate the effect of interest rate and its volatility on the 

banks’ stock returns and on the second moment (the volatility of returns). The authors 

deal with the volatility clustering effect in detail, and offer two possible explanations 

why it is observed. The first explanation refers to a situation when the information 

tends to merge into clusters. If information arrives to market participants in clusters, 

returns can show signs of volatility clustering even if markets are efficient and all 

information is immediately and perfectly incorporated into prices. The second 

possible explanation is that if market participants need different time intervals to 

absorb and analyze new information shock, it can also result in volatility clustering of 
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returns. The authors tested several hypotheses regarding the model specification. 

They rejected the null hypothesis that volatility process is time-invariant which 

implies that an ARCH adjustment is needed for this type of data. The GARCH-M 

model specification was shown to be superior to any of the ARCH, ARCH-M or 

GARCH specification. They found that interest rate volatility has a negative impact 

on the stock market volatility. This result is similar to findings which of Jawaid and 

Ul Haq (2012). One possible explanation is that in response to high interest rate 

volatility, investors look for some shelter in stocks to prevent their investments from 

excessive volatility. This contributes to stock market stability. Furthermore, they 

found that long-term interest rate had a negative significant impact on bank stock 

returns and the risk premium had a negative impact in all three models. 

Kasman, Vardar and Tunç (2011) is another study using daily data. They analyzed 13 

Turkish commercial bank stocks listed on the Istanbul Stock Exchange between 1999 

and 2009. An OLS model and a GARCH (1, 1) model which should provide more 

efficient estimates were applied. The impact of interest rate volatility is included as 

well. The authors used squared interest rate returns as a proxy for unobservable 

interest rate volatility. They found a negative interest rate effect and a positive effect 

of interest rate volatility on bank stock returns. 

In the end we review Flannery, Hameed and Harjes (1997). They applied the ARMA-

GARCH approach on weekly stock and bond returns on data spanning over 1973 to 

1990. They found that the effect of stock market risk on security returns was stronger 

than the effect of interest rate risk. An intuitive result was that during periods of 

interest rate stability, the interest rate effect was absent while in periods of high 

interest rate volatility, was incorporated into stock prices. 

In this section, we have covered several research papers about the influence of 

interest rates on stock returns regarding various countries all over the world (with 

various levels of development) such as the USA, Australia, Romania, Korea, Pakistan 

Different types of econometric approaches have been applied as well: simple OLS 

method, a more complicated VAR, VECM, GARCH models, or other techniques 

have been employed. GARCH models were probably the most common since they 

are considered to be the benchmark for modeling stock market return volatilities. 
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Therefore, in our study, we apply a special type of a GARCH model. Following paper 

written by Elyasiani and Mansur (1998) we use GARCH-in-mean specification which 

they found to be superior to other ARCH specifications. We incorporate in the 

following other ideas from the reviewed papers. As Králik (2012) found, the 

Romanian stock index was affected mainly by domestic factors in period before the 

Great Recession in 2007, whereas after the start of recession external factors became 

more relevant. We inspect whether the recent crisis has changed the sensitivity of 

stock market prices to domestic interest rate in the Czech case. We also include 

interest rate volatility variable into the variance equation, following for instance Ryan 

and Worthington (2004) or Elaysiani and Mansur (1998). The idea, called the 

volatility spillover effect, is that interest rate volatility directly impacts the stock 

market volatility. This information is implemented in our model.  

Most studies found statistically a significant negative impact of short-term interest 

rate on stock market returns, which is consistent with our intuition and with the 

theoretical background. On the other hand, some studies did not find this effect is 

significantly different from zero. And for example Ratanapakorn and Sharma (2007) 

found the effect to be significantly positive. The situation is even more complicated 

regarding the long-term interest rate. Two studies found a positive significant effect 

(Zhou, 1996; Hamrita and Trifi, 2011); two studies found a negative significant effect 

(Ratapakorn and Sharma, 2007; Elyasiani and Mansur, 1998) and two studies found  

no significant effect of long-term interest rate on stock market returns (Jawaid and 

UlHaq, 2012; Ryan and Worthington, 2004). The literature review section provided 

us with some general information about the relationship in question. We will draw 

from this information in the next section, which describes our methodology. 
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2. Methodology 

Valuation of risk is the one of the most important features of financial economics. An 

asset is not characterized only by its return, but volatility belongs to its price 

determinants as well. If two assets have same rate of return, the less volatile one will 

be preferred by risk-averse investors. In other words, they will require some extra 

compensation for bearing additional amount of risk. Hence, the volatility concept 

strongly enters the portfolio decision process: for example, value-at-risk models 

require an estimation of volatility.  

However, in the context of real data from financial time series it is unlikely that the 

volatility is constant over time. In this regard, it is reasonable to consider models 

which describe how the variance of the errors changes over time. Models that 

assumed homoskedasticity were dominating until the early 1980s. If we assume 

homoskedasticity and errors are in fact heteroskedastic, it can lead to the issue that 

standard errors of our estimates are wrong and hypothesis testing is no more valid 

(Engle, 2001). It was a challenging task for econometricians to conceive models 

which allow the volatility to evolve over time in a manner that would be consistent 

with the stylized facts. 

The section is divided into two subsections. In the first one, we present model 

specifications used in empirical part of this thesis. The second section contains 

theoretical background for tests, which are applied in our analysis. 

2.1 Conditional Heteroskedasticity Models 

2.1.1 ARCH Model 

The Autoregressive Conditional Heteroskedasticity (ARCH) model was introduced 

by Engle (1982). Through following two decades, this basic model was significantly 

extended, leading to many different types of models, which created an extensive 

ARCH family framework. Based on the differences between the conditional and the 
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unconditional mean and variance, Engel showed clear motivation why models with 

the variance equation, such as ARCH, can be useful. 

Suppose, we have some random variable yt, which follows, for example, simple 

AR (1) process as is shown in the equation (2.1). 

                    (    )                  (2.1) 

Let us compare the difference between the conditional and the unconditional mean 

and variance of such process. 

  (  )        (  |    )        (2.2) 

    (  )  
  

    
       (  |    )     (2.3) 

We can clearly see that both the mean and the variance change if we consider past 

information. If we do not have any observations, our best possible predictor for any 

time t would be zero. Nevertheless, we can make much more precise estimate if we 

know the previous observed value. The same idea holds for the variance. If 0<γ<1, 

which ensures our process is stationary, then the conditional variance is always 

smaller than the unconditional one. However, in conventional econometric models, 

the conditional variance does not depend on the last observation. So this is the main 

motivation for modeling the conditional variance in our models: it makes our 

variance forecasts much more accurate.  

Basic ARCH model, introduced by Engle (1982) was the first tool which allowed the 

variance to evolve over time. Instead of considering heteroskedasticity as a problem 

to be corrected, ARCH models treat heteroskedasticity as a feature to be modeled. 

Especially, ARCH model was shown to be quite useful in catching the volatility 

clustering effect, where large (small) price changes tend to be followed by other large 

(small) price changes, yet of unpredictable sign. This effect is, therefore, sometimes 

called the ARCH effect. Why does volatility tend to cumulate in clusters? Bollerslev 

(1992) provided the explanation that new information arrives to economic agents in 

clusters as well, thus we observe volatility clustering when this information is 

incorporated into prices. 
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The ARCH (q) model can be written in this form: 

                          (2.4) 
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      √          (   ) (2.6) 

The ARCH (q) model consists of two equations, the mean one and the variance one. 

The mean equation looks like classical OLS equation with dependent variable yt, the 

vector of independent variables xt, the vector of coefficients b and the error term εt. 

The variance equation models the variance denoted by ht with intercept α0 and q lags 

of past squared errors. These squared errors are called ARCH terms. The vt residuals 

are called standardized residuals since they are adjusted for estimated volatility.   

The whole two equations system is estimated using the likelihood function. 
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The likelihood function L has this form for all models from ARCH family, which 

assume εt to have the standard normal distribution. The function is maximized with 

respect to parameter vector θ, which consists of parameters from the mean equation 

b, and the parameters from variance equation α. 

    
 

 ( )        (     )       (        )     
  (          )  (2.8) 

It is usually too difficult to maximize this formula with respect to so many parameters 

algebraically, so iterative technique is usually called for. This numerical procedure 

updates values of parameters at each iteration step until convergence is achieved. 

When using this iterative technique, a problem with local maxima of the likelihood 

function can appear. Assume the likelihood function has shape as in the figure (2.1). 

If we start our iteration process somewhere near the point A, it can happen that our 

procedure will not find the global maximum B, but we end up in the local maximum 

A. Therefore, good initial guess for parameters starting values is important. 
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Figure 2.1: Likelihood function optima 

 

Source: Author's work 

 

ARCH models have rarely been used in the last decade since there are several 

difficulties related to them. For example, there is no clearly best approach to 

determine the optimal number of lags in model (the variable q), although the 

likelihood ratio test can be applied. Another problem is that sometimes q may be 

quite large to capture all dependencies, but this makes models non-transparent. In 

econometrics, we prefer our models as parsimonious as possible. Nevertheless, the 

ARCH model from 1982 was a solid foundation for many extensions of this basic 

idea in following decades. 

2.1.2 GARCH Model 

The most important extension of the ARCH model was the GARCH model 

introduced by Bollerslev (1986). The GARCH is an abbreviation for Generalized 

Autoregressive Conditional Heteroskedasticity model. The main advantage of the 

GARCH model is allowing for a longer memory of process, but at the same time, 

getting along with a much more flexible lag structure. The GARCH (p, q) can be 

written in the following form: 

                          (2.9) 
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We can see that the only difference is the addition of p lags of conditional variance ht 

in variance equation. It permits much more parsimonious description of process. It 

can be perceived as an ARMA analogy, where ARCH terms represent the MA terms 

and GARCH terms represent the AR terms. If p is equal to zero the GARCH model 

converts in the basic ARCH model. In practice, GARCH (1, 1) is the most popular 

version of GARCH (p, q) model since it is sufficient to capture most of volatility 

dynamics. 

It can be easily shown that GARCH (1, 1) model is equivalent to ARCH (∞) by 

recursively rewriting the GARCH term in the right hand side of the variance 

equation.  
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We have obtained the infinite order ARCH model. Therefore, GARCH does not 

contain any innovative idea compared to the ARCH model, but it allows much easier 

and parsimonious description of the process. The necessary and sufficient condition 

for a GARCH process to be stationary is that the sum of ARCH and GARCH 

coefficients has to be lower than one. This condition guarantees that the effect of past 

shocks is gradually disappearing. 
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For GARCH (1, 1), the above condition is simplified to (2.19). 

         (2.19) 

If this condition is not satisfied and the sum of alphas and betas is bigger than one, 

then we have a process which is explosive in its variance. In other words, past shocks 

have bigger and bigger impact on current variance. If the sum of alphas and betas is 

exactly one, then we have a unit root in the variance process, which we call the 

Integrated GARCH (IGARCH).  

As in the ARCH case, the estimation of GARCH models is carried out using the 

maximum likelihood estimation. The likelihood function has the same form as 

previously, but it is maximized with respect to more parameters (the vector of 

coefficients from the mean equation, the vector of alphas, and moreover the vector of 

betas). 
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2.1.3 GARCH-t Model 

When we employ ARCH family models, we mainly aim to capture the effect of 

volatility clustering, which is one of the main characteristic properties of financial 

time series. Speculative price changes and return series are mostly uncorrelated over 

time, but not completely independent. In fact, the dependence is not in the first order 

moment, but in the second one, which causes the time series to be characterized by 

tranquil and volatile periods. The volatility clustering is not, though, the only 

characteristic property of financial time series. A specific distribution of financial 

return series is another property that we take into account. The distribution ordinarily 

significantly differs from normal distribution; we call it leptokurtic distribution. The 
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leptokurtic distribution has a higher peak (higher kurtosis), but also it has much fatter 

tails. It suggests that compared to normal distribution, both returns very close to the 

mean and extreme returns are relatively more probable (Brooks, 2008). 

To capture such property, Bollerslev (1987) introduced an extension of the GARCH 

model to allow for conditionally t-distributed errors since the t distribution has a 

better descriptive validity for financial market returns than the normal distribution. 

The GARCH (p, q)-t model can be written in the following form, where ρ denotes the 

degree of freedom of t distribution: 
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Since errors are assumed to be t-distributed, the likelihood function has a different 

form than in previous cases. 
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Expression Γ (.) indicates the gamma function. The likelihood function is maximized 

with respect to all unknown parameters from the mean and variance equations, 

including the degree of freedom parameter ρ. 

GARCH-t model is a useful extension of ARCH family models and we will 

implement it in our modeling. It should capture the leptokurtic property of stock 

market returns much better than usual GARCH models with conditionally normal 

errors. Despite its usefulness, the specification has not been used in any of the papers 

on this topic. 
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2.1.4 GARCH-M Model 

As the level of uncertainty in asset returns varies over time, it appears reasonable that 

risk-averse economic agents require some compensation for holding these assets in 

times of higher volatility. This compensation is called the risk premium. As long as 

homoskedasticity assuming models were dominating, it was not easy to test such a 

hypothesis. However, this became much easier with econometric tools that allow the 

volatility to change over time. Engle (1987) extended his ARCH model to allow the 

conditional variance to be an explanatory variable in the mean equation at the same 

time. This extension enables us to study whether the investors are rewarded with 

higher returns in times of higher volatility. GARCH (p, q)-M model can be generally 

written in the following form: 
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We have included the conditional variance in the mean equation in a logarithmic 

form, which is probably the most common, but it is also possible to use the square 

root form or just the ht form. The likelihood function is maximized with respect to all 

parameters from the mean and variance equations including the parameter σ, which is 

associated with our in-mean term. 
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The in-mean specification was used for instance by Elysiani and Mansur (1998), 

Ryan and Worthington (2004), and Beirne et al. (2009). They found the coefficient σ 

mostly negative or insignificant, which is a counterintuitive result. We would expect 

a positive coefficient since bearing of higher risk should be rewarded by higher 

returns. 
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2.1.5 GJR-GARCH Model 

So far we have covered three effects which are often associated with financial time 

series (the volatility clustering, the leptokurtic distribution, and the risk premium). 

Another property, which is characteristic of financial time series, is the leverage 

effect. The leverage effect describes an asymmetry observable in financial markets. 

Investors do not react with the same intensity to price changes of the same magnitude 

but of different sign. Generally, large price falls are followed by higher volatility than 

price rises of the same magnitude. However, the simple GARCH model is not able to 

distinguish the effect of a positive past innovation from a negative one. Glosten at al. 

(1993) introduced a model where the effect of past squared innovation on conditional 

variance differs with respect to the sign of this past innovation. The GJR-GARCH (p, 

q) model can be written in the following form: 
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The information function I (.) takes value one if the condition inside is true and zero 

otherwise. Therefore, δ1 measures the asymmetry, i.e. how much variance is higher in 

case of a past negative innovation compared to a past positive innovation of the same 

magnitude. This model is sometimes incorrectly called the Threshold GARCH or 

T-GARCH, which is another GARCH model taking into account the effect of 

asymmetry. However, T-GARCH model was presented by Zakoian (1994) and the 

main difference is that the variance equation of the T-GARCH model does not 

consider the past innovations in their squared form. 

The likelihood function is maximized with respect to all parameters from the mean 

and variance equations including the parameter δ1, which is associated with our GJR 

term. 
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The GJR specification was not used in any of the related papers, though we consider 

it necessary to control for the leverage effect. 

2.1.6 GJR-GARCH-t-M model 

In this subsection, we summarize all the previously introduced extensions into one 

compact model. Our model should be able to capture most of the typical 

characteristic properties of financial time series. 
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In the mean equation, we have the dependent variable yt, the vector of explanatory 

variables xt with the coefficient vector b, and the in-mean term in its logarithmic form 

with the coefficient σ. In the variance equation, we include an intercept α0, ARCH 

terms with coefficients αi, the GJR term with the coefficient δ1, GARCH terms with 

coefficients βi, and the vector of exogenous variables zt with coefficients γi. 

We specify our errors as t-distributed, which leads to the following likelihood 

function. This function is maximized using an iterative procedure with respect to all 

coefficients from the mean and variance equations, and the coefficient ρ representing 

the degrees of freedom. 

   ∑    ( (
   

 
) (

 

 
)

  

((   )  )
 

 

 (    
   

  (   )  ) 
   

 )
 

   
 (2.44) 

    (          )     
  (        )     

  (        )     
  (       ) (2.45) 

    
 

 ( )        (               
   ) (2.46) 

 

 



  36 

2.2 Tests 

In this section, we provide a theoretical background for tests, which we employ in our 

analysis. 

2.2.1 ARCH-LM Test 

Prior to application of any GARCH model, it is convenient to assure ourselves that 

the ARCH effect is present in our data and this class of models is thus appropriate. 

Engle (1982) proposed a procedure for testing the presence of ARCH effects. One 

runs an OLS regression of our mean equation and saves the residuals. Then, squared 

residuals are regressed on an intercept and q autoregressive lags. The null hypothesis 

is that no ARCH effect is present and all lag coefficients are equal to zero. The test 

statistics is TR
2
, where T is the number of observations and R

2
 is the coefficient of 

determination from the regression with squared residuals. This test statistic is 

distributed as chi-squared with q degrees of freedom. The procedure is summarized in 

equations (2.47-2.51). 

           (2.47) 

   ̂
     ∑     ̂  

 
 

   
    (2.48) 

                  (2.49) 

                  (2.50) 

       ( ) (2.51) 

2.2.2 Dickey-Fuller Test 

Before we make any estimation of our GARCH model, we have to make sure that all 

our variables are stationary. The reason is that regressing two trending variables can 

lead to a spurious regression, where we have a high coefficient of determination and 

high significance of independent variables, although these variables are completely 

unrelated. If the stationarity assumption is not fulfilled, standard assumptions for 
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asymptotic analysis are invalid, and t and F statistics do not follow t and F 

distributions anymore (Brooks, 2008). 

Assume that we have the following process: 

               (2.52) 

The non-stationarity occurs when the coefficient ϕ is equal to or bigger than one. If 

ϕ>1, the process is explosive, but this is not a typical situation for financial time 

series. A more interesting situation arises if ϕ=1, which means we have a unit root in 

our process. This case is much more common for financial time series. The presence 

of unit roots in our data can result in completely misleading conclusions. 

Dickey and Fuller (1979) established a procedure to test for the presence of unit root 

in a process. If we subtract yt-1 from both sides of the previous equation (2.52), we 

can test Ψ=0, which is equivalent to test ϕ=1 as is shown in equations (2.53-2.56). 

             (2.53) 

              (2.54) 

        (2.55) 

        (2.56) 

However, this test statistics has different critical values because it does not follow the 

usual t distribution. Dickey and Fuller (1979) obtained the critical values by 

simulation technique. They are much higher in absolute value than in case of t 

distribution. Therefore, stronger evidence is needed to reject the null hypothesis in 

favor of the alternative one. This test is only valid if error term ut is a white noise. If 

ut exhibits autocorrelation patterns, then the null hypothesis is more often incorrectly 

rejected. To avoid this problem, an augmented version of the Dickey Fuller test is 

preferred. It includes p autoregressive lags in our testing regression to clear possible 

autocorrelation of ut. 

           ∑       

 

   

    (2.57) 
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        (2.58) 

        (2.59) 

The optimal number of lags can be determined using the information criteria. We 

reject the null hypothesis that unit root is present if our test statistic is more negative 

than the corresponding critical value. If we are not able to reject the unit root, we 

have to somehow adjust our variables to ensure their stationarity. Generally, it is 

sufficient to difference them once. 

2.2.3 Chow Test 

With respect to our analysis, it is of particular interest whether the recent Great 

Recession has somehow changed the relationship between the Czech stock prices and 

their determinants. To test for presence of structural breaks, the Chow test will be 

applied. It was introduced by Chow (1960) to determine whether the impact of 

explanatory variables is time-varying. The Chow test cannot be applied directly on 

non-linear models, so we have to apply this test on our mean equation estimated by 

the OLS method. Testing for structural breaks directly using the mean or variance 

equations of a GARCH model is beyond the scope of this text. 

Suppose we have the following simple regression with a dependent variable yt, 

independent variables xt, a vector of coefficients b, and an error term εt. 

           (2.60) 

We split our sample into two subsamples creating two regressions. 

             (2.61) 

             (2.62) 

The null hypothesis of the Chow tests states that coefficients b1 and b2 are the same. 

In other words, the explanatory variables have the same impact on the dependent 

variable in both subperiods. 
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          (2.63) 

          (2.64) 

The Chow test has following test statistics: 

   

     (         )

 
         

    

         (2.65) 

The expression SSR0 denotes the sum of squared residuals from our original model; 

SSR1, 2 denote the sum of squared residuals from regressions on subsamples 1 and 2, 

respectively. T is the total number of observations and k is number of restrictions. 

The test statistic follows the F distribution with k and T-2k degrees of freedom. 

2.2.4 Hypotheses Testing 

To test our hypotheses, which we introduce in the following section, we apply the 

likelihood ratio test. This test compares maximized values of likelihood function 

from two models, the unrestricted one and the model with imposed restrictions. In 

other words, we test whether the maximized value of likelihood function reduces 

significantly when the restrictions are imposed (Brooks, 2008). 

      (     )   ( ) (2.66) 

The likelihood ratio test has a chi-squared distribution with degrees of freedom equal 

to number of restrictions imposed. 

In our methodology section, we have covered the fundamental ARCH model of Engle 

(1982) and its four extensions, which we use in the empirical part of this thesis. 

ARCH model is good tool to capture volatility clustering effect; GARCH extension 

allows much more parsimonious lag structure. T distribution of errors enables us to 

model leptokurtic distributional property, and in-mean term enables us to detect the 

risk premium effect. The GJR extension is suitable for catching the leverage effect, 

where investors react to price changes asymmetrically. If we put all extensions 

together, we have GJR-GARCH-t-M model, which will be applied in our empirical 

part to investigate the effect of short-term interest rate on stock prices in the Czech 

Republic. 
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3. Models, Variables, Data 

In this part, we present our three models (denoted A, B, and C), which have their 

foundations in the methodology section. To investigate the impact of short-term 

interest rate on stock prices in the Czech Republic, we apply three GJR-GARCH-t-M 

models, which should be able to capture the characteristic properties of financial time 

series – volatility clustering, the leptokurtic distribution of errors, the leverage effect, 

and the risk premium effect. 

3.1 Variables and Data 

In our thesis, we are interested mainly in the effect of four explanatory variables on 

the PX index. The variables are summarized in the table (3.1). 

Table 3.1: Variables 

Variable Meaning 

px The PX index 

prb 14-day PRIBOR rate 

oil Oil price 

gold Gold price 

er Exchange rate EUR/CZK 

Source: Author's computations 

In addition to the interest rate and the exchange rate, which are generally considered 

in related research, we also take the oil and gold prices into account, following Králik 

(2012) to control for important external factors and not only domestic ones. For 

sources of our variables, refer to the table (A.7) in the appendix. Our sample consists 

of 3160 daily observations from 2 January 2001 to 19 February 2014. 

3.2 Models 

Since we are interested whether the recent Great Recession has changed the 

relationship between the PX index and the interest rate variable (and other 

explanatory variables), we have to adjust our models to investigate this effect. A 
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natural approach would be to split the main sample into two subsamples. The first 

subsample would characterize the period before the crisis; the second one the post-

crisis period. Models B and C are constructed exactly according to this approach and 

will be estimated on subsamples. Nonetheless, this two-model approach does not 

enable us to test for the presence of a structural break. Such testing is allowed within 

the model A, which is constructed exactly for this purpose: It incorporates a dummy 

variable bp taking the value one in the post-crisis period and zero otherwise. This 

dummy variable enables us to measure how the impact of a given variable has 

changed after a breaking point. The breaking point, as shown in the next section, was 

determined by the Chow test on 4 September 2008, which is a few days before 

Lehman Brothers’ failure (15 September 2008). 

Model A 

Model A sample (full): 2 January 2001 – 19 February 2014 

Mean equation: 

 
    (  )          (  )                (   )        (    ) 

                         (   )    

     (    )                   

(3.1) 

Variance equation: 

 

              
         

  (      )                             

   √     

      

(3.2) 

 

Model B 

Model B sample (restricted): 2 January 2001 – 3 September 2008 

Mean equation: 

      (  )          (  )                (   ) 

       (    )            

(3.3) 
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Variance equation: 

 

              
         

         
  (      )                  

   √     

      

(3.4) 

Model C 

Model C sample (restricted): 4 September 2008 – 19 February 2014 

Mean equation: 

      (  )          (  )                (   ) 

       (    )            

(3.5) 

Variance equation: 

 

              
         

  (      )                  

   √     

      

(3.6) 

All our models are two-equation systems – with mean and variance equations. We 

have ten parameters in the mean equation for the model A and six parameters for the 

models B and C since interaction terms are excluded from these models. In the 

variance equation, the model A contains six parameters, the model B also six 

parameters, and the model C five parameters. The reason is that the model A has one 

extra interaction term in its variance equation. For the models A and C, the GARCH 

(1, 1) specification turned out to be sufficient, but we had to add one extra ARCH 

term to the model B because the GARCH(1, 1) specification was not able to fully 

eliminate the ARCH effects. This results in a GARCH(1, 2) form in case of the model 

B. Together with the parameter ρ (the degrees of freedom), the model A consists of 

seventeen parameters with respect to which the iterative procedure maximizes the 

likelihood function. In this regard, the model B consists of thirteen parameters, and 

the model C of twelve parameters. Symbol ∆ denotes that the variable was 

differenced, while log (.) is an indication for a variable used in its logarithmic form. 
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All our variables as specified above should be stationary, which will be tested using 

Augmented Dickey-Fuller test in the next section.  

Risk premium effect 

The coefficient C2 allows us to examine the risk premium effect. In other words, we 

inspect whether the variance of the PX index modeled in the variance equation can 

explain the returns of the PX index. We apply the logarithmic specification of this 

variable following Flannery et al. (1997). According to our intuition, we expect the 

coefficient C2 to be positive meaning that higher volatility is associated with higher 

returns. On the other hand, for all reviewed papers that used the GARCH-M model 

(Elysiani and Mansur, 1998; Ryan and Worthington, 2004; Beirne et al., 2009) the 

coefficient was found negative or insignificant.  

Interest rate effect 

The coefficient C3, measuring the impact of short-term interest rate on stock market 

returns, is probably the most important coefficient of our thesis. According to 

majority of the studies from the literature review, we expect a negative impact of this 

variable. We selected the 14-days PRIBOR rate as our short-term interest rate 

variable, but preliminary trials (omitted from the thesis) showed our analysis is 

relatively robust to other PRIBOR maturities, up to the three-month rate. 

Oil and gold effects 

The coefficients C4 and C5 measure the impact of oil and gold prices on stock market 

returns. We agree with Králik (2012) that oil and gold prices are important 

determinants of financial markets, which means they may bring further information 

in our model. Králik modeled the Bucharest stock exchange and found a positive 

impact of oil price and a negative impact of gold price on Bucharest indices. This 

result goes well with our intuition. Oil is one of the most important production input. 

Increase in oil price can be understood as a consequence of increase in oil demand. It 

suggests that the economy is in the expansion phase, which is a positive signal for the 

stock market. On the other hand, gold is not only an important production input, but it 

also serves as an investment opportunity. Therefore, it can be perceived as an 

investment competitor to stocks, causing negative relationship between their prices. 
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Exchange rate effect 

Next coefficient C6 investigates the effect of exchange rate on stock market returns. 

The impact of exchange rate is not as clear as in case of interest rate. From a 

theoretical point of view, current depreciation makes local firms more competitive 

leading to an increase in export, being a positive impulse for the stock market. On the 

other hand, if the production is based on imported inputs, depreciation makes these 

inputs more expensive resulting in a decline of stock returns (Jawaid and Ul Haq, 

2012). Moreover, there is no consensus about the overall direction of this effect 

regarding the empirical research. Ahmad et al. (2010) found positive relationship; 

Králik (2012), Jawaid and Ul Haq (2012) found negative relationship; Mok (1993), 

Ryan and Worthington (2004) found this effect to be insignificant. 

Leverage effect 

The asymmetry or leverage effect is measured with the coefficient C13, exactly 

according to idea of Glosten et al. (1993). This term allows us to investigate whether 

investors react to bad news in a different manner compared to good news. We expect 

this coefficient to be positive, meaning that negative past innovations are associated 

with higher volatility relative to positive ones. 

Volatility spillover effect 

The coefficient C15, associated with the proxy of interest rate variance, measures the 

so-called volatility spillover effect. The idea is that the interest rate volatility can 

predict the stock market volatility. Regarding this idea, we follow Elyasiani and 

Mansur (1998), Ryan and Worthington (2004) or Beirne et al. (2009). As an interest 

rate variance proxy we use the squared form of the differenced interest rate following 

Kasman et al. (2011). It appears quite natural considering the equation (3.7): 

    ( )   (  )  ( ( ))
 
 (3.7) 

Expected value of the differenced form of interest rate, variable X, has to be zero, 

otherwise interest rate would have a tendency to diverge. The variance of variable X 

can thus be understood as the expected value of the squared form of variable X. If we 

have daily observations of variable X, our best possible option is to simply take the 

differenced interest rate in its squared form.  
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We can notice that we do not investigate only the effect of interest rate changes on 

the stock market returns, but also the impact of second moments: the impact of 

interest rate volatility. It should allow us to reach a more comprehensive description 

of the true relationship between these two variables. 

3.3 Hypotheses 

Several hypotheses are developed and tested within the models presented above. The 

hypotheses will be tested using the likelihood ratio test, introduced in the 

methodology section. Concerning the model A, we want to test whether the 

relationship between variables has changed after the breaking point. The model B 

investigates the effects in the period before crisis, while the model C refers to the 

post-crisis period. 

3.3.1 Model A Hypothesis 

H1: The structural break did not significantly change the relationship between 

our explanatory variables and stock market returns: C7=C8=C9=C10=C16=0 

Under the null hypothesis, there was no structural break regarding the magnitude or 

direction of the impact of interest rate, its variance, exchange rate, and oil and gold 

prices on stock returns and their volatility. 

3.3.2 Model B and C Hypotheses 

H2: Interest rate has no explanatory power in stock market returns: C3 =0 

Under this hypothesis, changes in interest rates are not a significant factor for stock 

market returns. 

H3: No interest rate volatility spillover effect: C15= 0 

In this case, there is no spillover effect coming from interest rate volatility to stock 

market volatility. 

H4: Overall, there is no interest rate effect: C3 =C15 =0 

Under this hypothesis, interest rate does not have any impact on stock market returns 

either in its first moment (returns) or in its second moment (variance). 
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H5: No risk premium effect: C1=0 

In this case, there is no trade-off relationship between stock market return and its 

volatility. In other words, investors are not rewarded for bearing higher risk and a 

model specification without the in-mean term would be sufficient. 

H6: No leverage effect: C13=0 

Under this hypothesis, there is no asymmetry effect of past innovations on the stock 

market volatility. The volatility response is thus symmetric with respect to positive 

and negative innovations and the GJR specification is not essential. 

H7: GARCH specification not necessary: C14=0 

In this case, a simple ARCH specification would be sufficient to capture the essence 

of volatility dynamics. There is no need for long memory in the conditional variance 

process. 

H8: Return volatility is completely time invariant: C12=C13=C14=C15=C17=0 

Under this hypothesis, the conditional variance process is homoskedastic and the 

ARCH effect is absent from our model. 
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4. Empirical Results 

In this section, we provide the reader with the empirical results of our models. Firstly, 

we check our data properties. In particular, we assure ourselves that our data are 

stationary. This necessary condition is tested with an Augmented Dickey-Fuller test. 

Subsequently, we estimate our models using the Eviews software. Lastly, 

post-estimation diagnostics are carried out to find out whether our models are well-

specified. 

4.1 Preliminary Analysis 

4.1.1 Data Properties  

Our sample consists of 3160 observations from 2 January 2001 to 19 February 2014. 

For sources of our data, see the table (A.7) in the appendix. The table (4.1) shows 

some summary statistics of our data. 

Table 4.1: Variables summary 

 ∆log(px) ∆prb ∆log(oil) ∆log(gold) ∆er Irv 

Mean 0.000248 -0.00162 0.000422 0.000499 -0.00241 0.000698 

Median 0.000614 0 0.001123 0.00082 0 0 

Maximum 0.123641 0.22 0.275638 0.095542 1.065 0.3249 

Minimum -0.16186 -0.57 -0.17092 -0.08913 -0.805 0 

Std. Dev. 0.015282 0.026366 0.025094 0.012471 0.117384 0.008387 

Skewness -0.53171 -7.78339 0.241856 -0.35063 0.220634 26.72688 

Kurtosis 15.5407 144.6668 12.25543 8.481552 11.25898 889.1189 

ADF -42.0257 -34.2913 -58.3999 -58.2892 -56.5705 -55.4112 

Source: Author's computations 

The critical value of the ADF test on the 1% level of significance is -3.43 hence we 

can safely reject the null hypothesis of unit root presence for all our series. Our 

estimation will not suffer from the spurious regression problem. 
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4.1.2 The Chow test 

We apply the Chow test to determine where the breaking point in our data is located 

(we only considered the possibility of a single breaking point). Since the Chow test 

can only be employed for linear models, we apply it on the mean equation estimated 

with the OLS method. The estimated model has the following form (4.1): 

 
    (  )                   (   )        (    )            

(4.1) 

We estimated this model for our full sample. The trimming percentage was set to 30 

meaning that the first and the last 15% of our sample were not considered for the 

potential existence of a breaking point. We excluded the intercept from breaking 

variables meaning that the algorithm monitors the changes in the coefficients C2 to 

C5. 

 
     

    
       

    
       

    
       

    
   

(4.2) 

 
                  

(4.3) 

One apostrophe denotes the period before breaking point, whereas two apostrophes 

denote the period after breaking point. The test was conducted by an algorithm for all 

2212 potential breaking points. The F-statistics was the highest on 4 September 2008 

(this date is the start of second period), with a p-value close to zero. It means that we 

reject the null hypothesis of no breaking point in our sample. The date of our 

breaking point corresponds with our intuition since it is only several days before 

Lehman Brothers’ failure. 

4.1.3 ARCH-LM test 

Let us now focus on our dependent variable, which is the log-return of the PX index. 

We would like to find out whether the ARCH effect is present in this variable. In the 

figure (4.1), we can see that the volatility tends to cumulate into clusters. There are 

calm periods of small volatility followed by periods of higher volatility. We test for 

the presence of the ARCH effect using ARCH-LM test of Engle (1982). We run an 

OLS regression of our mean equation, save the residuals and test them for the 

presence of the ARCH effect. The results are presented in the table (4.2). 
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Figure 4.1: The PX index log-returns 
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Source: Author's computations 

Table 4.2: ARCH-LM test 

 

Model A Model B Model C 

 Number of lags (m) Test statistics Test statistics Test statistics χ
2

0.01 (m) 

5 763.99 165.99 357.77 15.09 

10 903.29 171.57 434.43 23.21 

15 922.05 184.76 489.00 30.58 

20 958.67 208.47 519.76 37.57 

Source: Author's computations 

We can see how large our test statistics are compared to values of corresponding one 

percent quintiles of the respective chi-squared distributions. We strongly reject that 

there is no ARCH effect in the residuals. Autocorrelation and partial autocorrelation 

functions for residuals and squared residuals are checked as well as recommended by 

Bollerslev (1986), see the appendix. In the left column of tables (A.1), (A.3), and 

(A.5), there are ACF and PACF of residuals for all models. We note that there is 

some significant autocorrelation present in the models A and C. However, the 

coefficients are very close to zero. We attempted to clear this effect by incorporating 

various ARMA components in the regression, but we were not successful. Due to the 

small magnitude of the coefficients, we do not find this a serious issue.  
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In the left column of the tables (A.2), (A.4), and (A.6) in the appendix, there are ACF 

and PACF of squared-form residuals. In this case, the effect is much more obvious in 

all three models. The Q-statistics as well as the coefficients are several times higher. 

A GARCH model specification will thus apparently be suitable for our data. 

4.2 Results 

We estimated our models using the Eviews software. The table (4.3) presents the 

results of our mean equations. The Eviews software enables us to set initial values of 

parameters for the optimization procedure to avoid local maxima of the likelihood 

function. In our case, the likelihood function value was higher for starting values 

equal to zero than for starting values based on the OLS estimation of the model A.  

4.2.1 Mean equation 

Table 4.3: Regression output – mean equation 

 
Model A Model B Model C 

C1 (*10
-3

) -7.92 -11.21 -1.46 

(3.79)* (4.33)*** (5.65) 

log(ht) (*10
-4

) -9.42 -13.38 -1.63 

(4.14)* (4.69)*** (6.15) 

∆prb (*10
-3

) -0.11 -2.75 -26.80 

(8.55) (8.92) (20.06) 

∆log(oil) (*10
-2

) 0.86 0.50 14.65 

(1.04) (1.04) (1.55)*** 

∆log(gold) (*10
-2

) 2.64 2.13 10.95 

(2.12) (2.06) (2.57)*** 

∆er (*10
-3

) -0.85 -0.44 -23.34 

(2.16) (2.07) (2.46)*** 

∆prb*bp (*10
-3

) -21.58 
  

(23.24) 
  

∆log(oil)*bp (*10
-2

) 13.59 
  

(1.80)*** 
  

∆log(gold)*bp (*10
-2

) 8.14 
  

(3.28)** 
  

∆er*bp (*10
-3

) -22.92 
  

(3.26)*** 
  

Source: Author's computations 

The above table displays many results we can think about. Firstly, we let us formulate 

some basic guidelines for reading the output. We have three models (A, B, C), 
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previously specified. Every model has its own column in the table (4.3). The models 

B and C have fewer variables, so some cells in the end of the output are empty. We 

recall that the model A is estimated on the full sample, whereas the models B and C 

are estimated on subsamples separated by our breaking point – the 4 September 2008. 

The variance equation will be shown further in this section.  

The estimates are presented in their usual form; the coefficients are followed with 

corresponding statistics in the brackets. To make the output as clear as possible, we 

changed the order of our estimates as they often are small numbers. The order of 

multiplication is denoted in the brackets to the right of each variable. Some statistics 

are marked with asterisks; three asterisks denote 1% level of significance, two 

asterisks denote 2% level and one asterisk is associated with 5% level.  

The in-mean term represented by log(ht) variable is statistically significant at 5% 

level in the model A and at 1% level in the model B. For all models, the logarithmic 

form is the best functional form judging by the values of likelihood functions. We 

find a negative coefficient indicating that higher variance of the PX index is 

associated with lower returns. This result is counterintuitive according to the idea of 

risk premium for higher returns. In this regard, our findings are similar to those of 

Elyasiani and Mansur (1998) and Beirne et al. (2009). It is also noteworthy that the 

in-mean term is significant in the pre-crisis period, but insignificant after the breaking 

point. 

The domestic interest rate variable is insignificant across all models, and this result 

suggests certain isolation of the PX index from domestic influences. This result is in 

contrast to majority of studies previously discussed. One possible explanation is that 

the PX index is not as diversified as other stock indices as 80% of the index is 

composed of only four companies. Therefore, it is more sensitive to shocks. The 

insignificance of the interest rate is discussed in the next section in more detail. 

Anyway, the estimation has been robust to the specific maturity of short-term interest 

rate (as shown by trial estimations omitted from the thesis). 

Gold and oil log-returns were not found to explain the PX index in the pre-crisis 

period. On the other hand, as the model C indicates, these variables become very 

significant and positive determinants in the post-crisis period. The positivity of these 
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coefficients corresponds with our intuition. Gradual growth in oil and gold prices can 

be perceived as a consequence of increasing aggregate demand for production inputs 

and a healthy development of the world economy, which is a positive signal for stock 

markets. However, gold can also be perceived as an investment opportunity, and thus 

as a direct competitor to stocks. According to this view, we would expect a negative 

impact of gold, as found by Králik (2012). In any case, our results support the idea 

that the crisis has changed many deep-rooted economic principles. 

A similar story holds for the exchange rate, which also became a very significant 

determinant in the post-crisis period, with negative coefficient, meaning that Czech 

crown depreciation is associated with a decline in the PX index. This result is similar 

to that of Jawaid and Ul Haq (2012) and suggests that the negative effect of 

expanding our import is stronger than the effect of making our export more 

competitive. 

The last four variables in the table (4.3) are only included in the model A. They serve 

as control variables which enable us to test whether the relationships have 

significantly changed in the post-crisis period. A significant change was detected for 

oil and gold prices as well as for the exchange rate, which corroborates our previous 

findings based on the models B and C. 

On the whole, the mean equation provided us with two main findings. The interest 

rate was insignificant across all models, in both subsamples. The oil price, the gold 

price, and the exchange rate had no explanatory power in the pre-crisis period, but 

became statistically significant determinants of the PX index after the breaking point. 

It supports the idea that the recent Great Recession changed the underlying behavior 

of stock markets. 
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4.2.2 Variance equation 

Table 4.4: Regression output – variance equation 

 
Model A Model B Model C 

C11 (*10
-6

) 5.40 8.29 3.29 

(1.08)*** (1.96)*** (1.04)*** 

    
  

0.056 -0.067 0.067 

(0.015)*** (0.007)*** (0.020)*** 

    
  

 
0.110 

 

 
(0.023)*** 

 
    
  (      ) 0.089 0.145 0.026 

(0.020)*** (0.029)*** (0.023) 

ht-1 0.867 0.828 0.900 

(0.015)*** (0.027)*** (0.016)*** 

irv (*10
-4

) 0.18 0.77 -8.02 

(3.11) (3.27) (12.49) 

irv*bp (*10
-4

) -1.94 
  

(14.96) 
  

Source: Author's computations 

The table (4.4) displays the estimates of our variance equations. Two ARCH terms 

had to be included in the model B since one ARCH term was not enough to 

completely eliminate the ARCH effects. All ARCH terms are very statistically 

significant. The fourth variable in the table (4.4) is the GJR term, measuring the 

asymmetry effect and enables to distinguish between the impacts of positive and 

negative returns on the volatility. The GJR term is statistically significant in the 

models A and B with a positive coefficient. It means that a negative innovation from 

the mean equation is associated with higher variance of the PX index. This result is in 

line with our intuition. In the model C, the GJR term is statistically insignificant. The 

asymmetry effect can be understood as an expression of bounded rationality. 

Therefore, we perceive the absence of asymmetry in the post-crisis period as a step 

toward higher market efficiency. 

The GARCH terms are statistically significant in all three models, with coefficients 

between 0.8 and 0.9. This suggests a relatively large degree of persistency in the 

variance equation. It will thus take a relatively long time for the impact of past shocks 

to disappear. 

We included also interest rate variance proxy as a squared differenced interest rate to 

measure the volatility spillover effect. This variable has no significant impact in 



  54 

either subsample and thus we find no evidence for the presence of the volatility 

spillover in Czech data. Our result differs from the most of related literature. 

Negative spillover effect was found by Elyasiani and Mansur (1998), Beirne et al. 

(2009). Ryan and Worthington (2004) found a negative volatility spillover effect for a 

short-term interest rate and a positive effect for medium and long-term interest rates. 

Overall, we find that neither the first nor the second moment of the short-term interest 

rate have a significant explanatory power on the PX index. 

4.3 Post-estimation Diagnostics 

In this part, we focus on the post-estimation diagnostics to find out how well our 

models fit the data. Firstly, we check whether we were successful in eliminating the 

volatility clustering effect, which is the main objective of ARCH models. 

Table 4.5: ARCH-LM test (standardized residuals) 

 

Model A Model B Model C χ
2

0.05 (m) 

Number of lags (m) Test statistics Test statistics Test statistics 

 5 4.65 6.40 3.81 11.07 

10 8.68 9.46 8.97 18.31 

15 15.44 13.63 11.78 25.00 

20 17.30 17.73 19.11 31.41 
Source: Author's computations 

The table (4.5) shows a clear difference to results of ARCH-LM tests on the OLS 

residuals (see the table 4.2). The ARCH effect was completely eliminated from all 

three models. In the right column of tables (A.1), (A.3), and (A.5) in the appendix the 

ACF and PACF for standardized residuals for all models are shown. We can notice 

that we were able to eliminate the residual autocorrelation from the model C as well. 

In the right column of the tables (A.2), (A.4), and (A.6) in the appendix, there are the 

ACF and PACF for standardized residuals in their squared form. We can clearly see 

how well our models eliminated the squared autocorrelation. One can easily compare 

the time series of residuals and standardized residuals for all three models (figures 

(A.1), (A.2), (A.4), (A.5), (A.7), and (A.8) in the appendix). It is obvious that the 

standardized residuals have much better shapes, resembling white noise processes. 

Standard deviation processes are shown in the figures (A.3), (A.6), and (A.9). Periods 
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of high volatility (with the peak in 2008), followed by more tranquil periods are 

clearly observable. 

Table 4.6: Goodness of fit information 

 

Model A Model B Model C 

t-dist. d.o.f. 7.79 8.19 9.44 

(1.04)*** (1.46)*** (2.43)*** 

Adjusted R
2
 0.088 -0.0005 0.146 

Log likelihood 9517.454 5637.808 3901.359 

Source: Author's computations  

Table (4.6) displays information concerning goodness of fit of our models. So far, the 

estimates of variables from the mean and variance equations were presented. 

However, the likelihood function was also maximized with respect to the degrees of 

freedom variable. We applied t distribution of error term in order to account for 

heavy tales of the PX returns (Bollerslev, 1987). We can see that degree of freedom 

variable is very statistically significant indicating the choice of t distribution is 

justified. 

The adjusted R
2
 coefficient indicates to what extent our explanatory variables account 

for the variation of the dependent variable. The model B actually has a negative 

adjusted R
2
. This means our variables had virtually zero explanatory power for the 

PX index in pre-crisis period. We achieved a better fit in case of the models A and C, 

with adjusted R
2 
8.8% and 14.6%, respectively. One can consider them still quite low, 

yet similar values are common in financial research. On the contrary, an absurdly 

high R
2
 can be a signal of a spurious regression. The table (4.6) likewise presents the 

log likelihood values of our models as they will be necessary for the hypotheses 

testing of the following section. 

4.4 Hypotheses Testing 

In this part, we focus on testing the previously stated hypotheses. We apply the 

likelihood ratio test (LR) to find out whether the maximum of likelihood function 

drops significantly for the restricted models. 

      (     )   ( ) (4.4) 
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Likelihood ratio test has a chi-squared distribution with degrees of freedom being 

equal to the number of imposed restrictions. In the table (4.7), there is a summary of 

our hypotheses. The first hypothesis regards the model A; all other hypotheses are 

tested for the models B and C. 

Table 4.7: Hypotheses summary 

Hypothesis model Lr statisics p value verdict 

H1: C7=C8=C9=C10=C16=0 A 9468.45 98.00 0.00 rejecting (1%) 

H2:C3=0 B 5637.39 0.84 0.36 not rejecting 

C 3900.53 1.66 0.20 not rejecting 

H3:C15=0 B 5637.36 0.90 0.34 not rejecting 

C 3901.19 0.34 0.56 not rejecting 

H4:C3=C15=0 B 5637.31 1.00 0.61 not rejecting 

C 3900.47 1.78 0.41 not rejecting 

H5:C1=0 B 5634.23 7.16 0.007 rejecting (1%) 

C 3901.33 0.06 0.81 not rejecting 

H6:C13=0 B 5623.21 29.19 0.00 rejecting (1%) 

C 3900.69 1.33 0.25 not rejecting 

H7:C14=0 B 5581.11 113.40 0.00 rejecting (1%) 

C 3816.78 169.16 0.00 rejecting (1%) 

H8:C12=C13=C14=C15=C17=0 B 5451.42 372.79 0.00 rejecting (1%) 

C 3509.08 784.56 0.00 rejecting (1%) 

Source: Author's computations 

H1: The structural break did not significantly change the relationship between 

our explanatory variables and stock market returns: C7=C8=C9=C10=C16=0 

We strongly reject this hypothesis. The extent to which the crisis has changed the 

impact of some variables on stock market returns is quite surprising to us. Oil price, 

gold price, and exchange rate variables were completely insignificant in the pre-crisis 

period but became very significant determinants in the post-crisis period. This 

suggests that the Czech stock market was slightly out of reality in the pre-crisis 

period, reacting to some non-fundamental factors. This result supports the findings of 

Hanousek and Filler (2000) who found the PX index to be very unpredictable with a 

low degree of connection to other stock indices. However, after Lehman Brothers’ 

failure, the PX index shows strong links to external financial factors. 

H2: Interest rate has no explanatory power in stock market returns: C3 =0 

We are not able to reject this hypothesis. This means changes in interest rates are not 

linked to the stock market returns for both models (B and C). The likelihood 
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maximum will fall only by a small fraction when interest rate variable is omitted 

from the mean equation. It implies that concerning the PX index, we find no evidence 

of investors switching their capital from banks to stocks in response to interest rate 

change. This result contrasts the predominant result of the research in this field. 

H3: No interest rate volatility spillover effect: C15 =0 

For both models, we cannot reject the null hypothesis of no spillover effect. It seems 

that interest rate volatility has no explanatory power with respect to stock market 

volatility. The same hypothesis was rejected by Elyasiani and Mansur (1998), Ryan 

and Worthington (2004), and Beirne et al. (2009).  

H4: Overall, there is no interest rate effect: C3= C15 =0 

Altogether, we cannot reject that interest rate has no impact on stock market returns 

either in its first or second moment. This hypothesis was rejected by Elyasiani and 

Mansur (1998). Ryan and Worthington (2004) rejected this hypothesis for short- and 

medium-term interest rates but they were not able to reject it for long-term interest 

rate. 

H5: No risk premium effect: C1=0 

We can reject the null hypothesis of no risk premium effect only for the model B. In 

this case there exists some trade-off between stock returns and stock market 

volatility. Unfortunately, the result is counterintuitive meaning that higher volatility 

is actually associated with lower returns. It implies that investors are not rewarded 

but punished for bearing higher risk. The result is nevertheless similar to those of 

Elyasiani and Mansur (1998) and Beirne et al. (2009). 

H6: No leverage effect: C13=0 

Only for the model B, we are able to reject the null hypothesis of no asymmetry in 

the impact of past innovations on the stock market volatility. In this model, the effect 

was found to be positive and very significant indicating that large price falls are 

followed by proportionally higher volatility than price increases of the same 

magnitude. This result is according to our intuition and the GJR specification is 

suitable for the model B. The GJR specification has not been used by any of papers 
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on this topic. In contrast, we cannot reject the null hypothesis for the model C, which 

indicates that the asymmetry has disappeared after the crisis. 

H7: GARCH specification not necessary: C14=0 

In case of both models, we strongly reject that the GARCH term is not necessary for 

volatility modeling. A simple ARCH specification would not definitely be sufficient 

to capture all dynamics of the process. This can be understood as a confirmation that 

variance processes of stock market returns are highly persistent. 

H8: Return volatility is completely time invariant: C12=C13=C14=C15=C17=0 

For both models, we strongly reject that conditional variance process is 

homoskedastic and the ARCH effect is not present. 
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5. Discussion 

In this section, we discuss the results presented in the previous section in detail. The 

main goal of our thesis was to investigate the impact of short-term interest rate on 

stock prices in the Czech Republic. The underlying idea is quite straightforward. If 

interest rate decreases, deposits in banks become less attractive relative to other 

assets. Investors thus should switch their capital from banks to stocks to reach a 

higher appreciation of their capital. However, in contrast to majority of studies on this 

topic, we have not found any evidence for this negative relationship. In what follows 

we discuss possible interpretation of this absence. 

One possible explanation is that our model is somehow misspecified, but we consider 

this quite improbable. We have assured ourselves that all our variables fulfill the 

stationarity assumption, which is crucial for consistent estimation. The problem 

should not be rooted in our GARCH family models since they are considered to be 

the benchmark for conditional volatility models and have been repeatedly applied in 

the related literature (e.g. Jawaid and Ul Haq, 2012; Léon, 2008; Hsing, 2011). Some 

studies on the topic applied a GARCH-M specification (Elyasiani and Mansur, 1998; 

Ryan and Worthington, 2004; Beirne et al., 2009). All these studies found a negative 

relationship between interest rate and stock returns. Hence, we cannot see the 

problem in the GARCH specification. We attempted to further elaborate on our 

model specification, so we included the feature of asymmetry, which is quite typical 

for stock market returns. We also modeled the errors using t distribution to capture 

the leptokurtic property of stock returns. All these extensions seem pretty natural 

when dealing with financial time series. Post-estimation diagnostics led to 

encouraging results. We eliminated the ARCH effect and obtained standardized 

residuals that appear as similar to the white noise. In view of the above, we consider 

our model specification as reasonable and attempt to explain the lack of relationship 

in question in a different way. 

The second possible explanation for the absence of a significant relationship in the 

data is simply that the relationship does not exist. At first sight, it looks quite unlikely 
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since the great majority of studies confirmed its existence, yet on different stock 

indices and interest rates. Nevertheless, the Czech stock index may be unique in a 

specific aspect which can make its behavior different to the behavior of other indices. 

Indeed, we think this holds. Consider the composition of the PX index (see the table 

(A.7) in the appendix). As of May 2014, it is composed of fourteen companies but 

only four of them (ČEZ, Komerční banka, VIG, Erste Group Bank) account for over 

80% share of its market capitalization. This makes the PX index relatively 

unbalanced and undiversified. The point is that compared to major world stock 

indices, which are composed from many companies from different sectors, the PX 

index relies heavily on the performances of only four companies. Moreover, three of 

these companies are financial institutions; two of them are bank groups and one 

company is an insurance group. Only ČEZ can be considered as a “classical” 

company, whose shares can be perceived as a substitute to bank deposits. We assume 

the bank shares to react to interest rate changes in a different manner. Since interest 

rate spread is one of the main components of banks’ profit, the decrease in interest 

rates can be perceived as a negative signal for them (the space for interest rate spread 

becomes narrowed). This can result in a decline in their share prices. We do not know 

how strong this effect can be. Consider an interest rate decrease. It is possible that an 

increase in ČEZ share prices can be approximately compensated with declining share 

prices of the financial institutions. Therefore, the PX index can appear independent of 

interest rate changes, exactly as suggested by our estimation. Studying how the index 

composition with respect to financial institutions influences the relationship in 

question is an intriguing topic for future analysis. 

In our thesis, we also inspected the impact of interest rate volatility on stock market 

volatility. This effect has been previously studied by Elyasiani and Mansur (1998), 

Ryan and Worthington (2004), and Beirne et al. (2009). Its underlying idea is quite 

simple. The interest rate, as a price of holding money, is one of the most crucial 

macroeconomic variables, and thus higher uncertainty about this variable, expressed 

by higher volatility, can have a direct impact on volatilities of other markets. In our 

study, we specifically consider the impact on volatility of the stock market. 

Nevertheless, none of related studies found a strong support for this hypothesis. 

Elyasiani and Mansur (1998) found this effect to be negative, meaning that higher 

interest rate volatility was associated with lower stock market volatility. They 
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attributed the response to high interest rate volatility to investors searching for a 

shelter in stocks to prevent their investments from excessive interest rate risk. In 

other words, we do not observe diffusion of fear into other markets, but instead a 

higher demand in markets less sensitive to the interest rate, which leads to their 

stabilization. Beirne et al. (2009) found a positive effect for several countries, but at 

same time, they concluded for the majority of countries, the effect was absent or even 

negative. For the Czech Republic, we found the effect completely insignificant both 

before and after the recent crisis. In fact, it is not such a surprising result since we did 

not find a significant relationship even in the first moment, whereas the studies above 

did. These findings suggest that the PX index is completely isolated from the impact 

of the domestic interest rate. 

Although the PX index has apparently been independent of interest rate, some of our 

variables turn out to significantly explain the stock returns. The exchange rate was 

insignificant in the period before crisis, but became a negative determinant of the 

stock prices after the breaking point. It means that the Czech crown depreciation is 

associated with a decline in the PX index. This may be reasonable since the effect of 

exchange rate on stock prices is rather ambiguous. Local currency depreciation 

makes domestic firms more competitive, leading to an export increase, which is a 

positive impulse for stock prices. On the other hand, if local production is based on 

imported inputs, depreciation makes these inputs more expensive resulting in 

declining stock prices. The direction of the effect is not as clear in the empirical 

literature either. Ahmad et al. (2010) found a positive relationship meaning that the 

effect of higher competitiveness of export dominates. Mok (1993), Ryan and 

Worthington (2004) did not find any significant impact of exchange rate. Jawaid and 

Ul Haq (2012), Hsing (2011), and Králik (2012) found a negative significant 

relationship as we did. It seems that the exchange rate depreciation is perceived as a 

negative signal by the Czech stock market players. Focusing again on the PX 

composition, ČEZ is the main Czech producer and distributor of electric energy and 

heat. It is an export-oriented firm with operations in many neighboring states. From 

this perspective, Czech crown depreciation should help ČEZ to increase its profits 

from foreign countries. Concerning the financial institutions, the effect of exchange 

rate depends on the composition of their foreign assets and liabilities, and 

furthermore they reduce exchange rate risks using various financial instruments, 
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which should decrease the effect of exchange rate changes on their profits. The 

estimated negative coefficient would suggest that depreciation is bad news for them 

meaning that they hold larger portion of foreign liabilities. However, this may not be 

the case of quite conservative Czech banks, so the negative coefficient is surprising to 

us. 

Oil and gold prices are similar to the exchange rate in that they only become 

significant determinants of the PX index in the post-crisis period. The hypothesis that 

the recent Great Recession has changed some deep-rooted economic principles 

deserves further attention of researchers. Reboredo and Rivera-Castro (2014) 

examined the relationship between oil and stock markets in Europe and the US using 

the wavelet analysis. They found that oil price changes had no influence on stock 

market returns in the pre-crisis period. However, in the post-crisis period, they 

discovered that oil price leads the stock prices but for higher frequencies the 

relationship reverses. In our analysis, oil price became a significant determinant of 

the PX index in the post-crisis period having a positive coefficient. This result is 

consistent with a conclusion of Králik (2012), who documented a positive impact for 

the Bucharest stock index. Our result is consistent with economic intuition. An oil 

price increase is associated with a higher demand for oil, indicating healthy economic 

environment with growing production, which is a positive impulse for the stock 

market. In case of gold price, the situation becomes more complicated. We 

documented a positive relationship between gold price and the PX index in the post-

crisis period. In contrast, Králik (2012) found a negative impact. He explained this 

phenomenon in the following way. Unlike oil, gold is not only a production factor, 

but it is also perceived as a quite safe investment. In the uncertain period after 

Lehman Brothers' failure, investors modified the structure of their portfolios to invest 

more in gold and less in stocks. So, if we regard gold as an investment substitute to 

stocks, we can accept this as a reason for the negative relationship between stock 

price and gold price. Nevertheless, we document a positive relationship, which is 

counterintuitive in view of the above. Anyway, the extent to which the relationship 

between the PX index and the three external financial factors has changed from a 

completely insignificant to a very significant one can be regarded as noteworthy and 

deserving attention of future research. 
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Conclusion 

This thesis has analyzed the impact of short-term interest rate, namely the 14-day 

PRIBOR on stock prices in the Czech Republic, represented by the PX index. The 

main idea is that if interest rate on bank deposits increases, the present value of future 

dividend income falls, making stocks less attractive relative to fixed income 

securities. Therefore, investors change the structure of their portfolios and switch 

capital from stocks to banks. This negative relationship was documented by most of 

existing literature on the topic.  

We applied GJR-GARCH-t-M models to account for the typical characteristics of 

financial stock market returns, such as the volatility clustering effect, the leverage 

effect, and the leptokurtic distribution. To our knowledge, we are the first to employ 

the GJR specification with t distribution in this context. We have implemented an 

interesting idea by Králik (2012) to study whether the recent Great Recession had 

changed the relationship between the PX index and its determinants. Using the Chow 

test, the turning point was set to September 4, 2008. Furthermore, we have studied 

the volatility spillover effect, which considers the impact of interest rate volatility on 

stock market volatility. 

We have found no significant impact of the interest rate in either pre-crisis or the 

post-crisis period. In the discussion section, we attributed the absence of a significant 

relationship to the specific composition of the PX index, which relies heavily on 

performance of financial institutions. Their shares may react differently to interest 

rates changes in comparison to other sectors. Among the possible topics for future 

research, we are particularly interested in exploring how composition of the stock 

index influences the relationship in question. Specifically, we hypothesize that a 

larger share of financial institutions in a given index implies a weaker impact of the 

interest rate. The interest rate has not been a significant determinant even in its 

second moment; this suggests the volatility spillover effect has been absent. Overall, 

we have not found any significant relationship between the PRIBOR rate and the PX 

index. 
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Regarding secondary results, we found that the recent crisis in 2007 has changed the 

relationship between the PX index and the exchange rate, the oil price, and the gold 

price. All these variables were completely insignificant determinants in the period 

prior to Lehman Brothers’ failure, but they became highly significant in the post-

crisis period. This supports findings by Králik (2012), who documented that external 

factors became relevant for stock index pricing in the post-crisis period. We believe 

that this phenomenon is consequential for future research.  
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Appendix 

Table A.1: Correlogram of residuals and standardized residuals (model A) 

 
Residuals Standardized Residuals 

Lag AC   PAC  Q-Stat  Prob AC   PAC  Q-Stat  Prob 

1 0.032 0.032 3.197 0.074 0.033 0.033 3.518 0.061 

2 -0.063 -0.064 15.746 0.000 -0.023 -0.024 5.185 0.075 

3 -0.041 -0.037 21.083 0.000 -0.003 -0.001 5.208 0.157 

4 0.030 0.029 23.915 0.000 0.057 0.057 15.443 0.004 

5 0.003 -0.003 23.952 0.000 -0.016 -0.020 16.297 0.006 

6 0.011 0.013 24.358 0.000 0.001 0.005 16.300 0.012 

7 0.009 0.011 24.623 0.001 0.013 0.012 16.835 0.018 

8 0.007 0.007 24.793 0.002 0.021 0.017 18.247 0.019 

9 -0.022 -0.020 26.330 0.002 0.033 0.035 21.707 0.010 

10 0.011 0.014 26.744 0.003 0.013 0.011 22.214 0.014 

11 0.033 0.030 30.218 0.001 0.007 0.007 22.371 0.022 

12 0.001 -0.001 30.224 0.003 0.000 -0.001 22.371 0.034 

13 -0.007 -0.001 30.364 0.004 -0.027 -0.030 24.744 0.025 

14 0.053 0.055 39.125 0.000 0.000 0.001 24.745 0.037 

15 -0.033 -0.039 42.633 0.000 0.014 0.011 25.329 0.046 

16 -0.015 -0.007 43.346 0.000 -0.004 -0.006 25.386 0.063 

17 0.033 0.034 46.901 0.000 -0.008 -0.005 25.579 0.082 

18 0.027 0.017 49.283 0.000 0.013 0.011 26.154 0.096 

19 0.017 0.021 50.240 0.000 0.015 0.012 26.878 0.108 

20 -0.047 -0.042 57.197 0.000 -0.034 -0.033 30.527 0.062 

21 0.006 0.011 57.328 0.000 0.025 0.030 32.562 0.051 

22 0.004 -0.003 57.393 0.000 -0.007 -0.011 32.725 0.066 

23 0.022 0.021 58.906 0.000 -0.011 -0.010 33.088 0.080 

24 -0.010 -0.011 59.235 0.000 -0.014 -0.009 33.705 0.090 

25 0.004 0.002 59.283 0.000 0.014 0.010 34.338 0.101 

26 -0.026 -0.022 61.399 0.000 0.000 -0.001 34.338 0.127 

27 0.021 0.023 62.778 0.000 0.018 0.019 35.377 0.130 

28 0.046 0.039 69.551 0.000 0.035 0.036 39.383 0.075 

29 0.004 0.001 69.610 0.000 -0.003 -0.006 39.410 0.094 

30 -0.005 0.003 69.690 0.000 0.002 0.003 39.418 0.117 

31 0.007 0.008 69.830 0.000 -0.018 -0.019 40.453 0.119 

32 -0.025 -0.027 71.777 0.000 -0.030 -0.031 43.272 0.088 

33 -0.047 -0.048 78.969 0.000 -0.027 -0.026 45.644 0.070 

34 -0.033 -0.029 82.521 0.000 0.003 0.003 45.668 0.087 

35 -0.027 -0.041 84.908 0.000 -0.002 -0.003 45.683 0.107 

36 0.008 0.003 85.113 0.000 0.002 0.000 45.691 0.129 

Source: Author's computations 
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Table A.2: Correlogram of squared residuals and squared standardized 

residuals (model A) 

 
Squared Residuals Squared Standardized Residuals 

Lag AC   PAC  Q-Stat  Prob AC   PAC  Q-Stat  Prob 

1 0.351 0.351 389.2 0.000 -0.022 -0.022 1.525 0.217 

2 0.368 0.279 816.6 0.000 0.021 0.021 2.927 0.231 

3 0.313 0.151 1126.7 0.000 -0.001 0.000 2.929 0.403 

4 0.176 -0.040 1225.0 0.000 -0.015 -0.016 3.666 0.453 

5 0.317 0.198 1543.6 0.000 0.018 0.018 4.736 0.449 

6 0.148 -0.047 1612.6 0.000 0.010 0.011 5.043 0.538 

7 0.186 0.034 1722.2 0.000 0.021 0.021 6.465 0.487 

8 0.258 0.139 1932.7 0.000 -0.004 -0.004 6.516 0.590 

9 0.225 0.105 2093.3 0.000 -0.004 -0.005 6.572 0.682 

10 0.345 0.162 2471.7 0.000 -0.026 -0.026 8.723 0.559 

11 0.278 0.072 2716.0 0.000 0.016 0.015 9.489 0.577 

12 0.204 -0.051 2847.5 0.000 0.015 0.015 10.173 0.601 

13 0.211 -0.025 2989.3 0.000 0.002 0.002 10.192 0.678 

14 0.161 0.008 3071.1 0.000 0.042 0.041 15.882 0.321 

15 0.186 0.021 3181.0 0.000 -0.001 0.002 15.886 0.390 

16 0.119 -0.048 3225.8 0.000 -0.007 -0.008 16.024 0.451 

17 0.191 0.109 3342.3 0.000 0.011 0.011 16.398 0.496 

18 0.135 -0.048 3400.5 0.000 -0.020 -0.019 17.629 0.480 

19 0.142 -0.026 3464.2 0.000 0.009 0.006 17.903 0.529 

20 0.171 0.001 3557.3 0.000 -0.006 -0.006 18.014 0.587 

21 0.102 -0.040 3590.7 0.000 0.020 0.019 19.296 0.566 

22 0.135 -0.012 3648.8 0.000 0.025 0.026 21.213 0.508 

23 0.124 0.045 3697.8 0.000 -0.018 -0.017 22.255 0.505 

24 0.101 0.002 3730.0 0.000 -0.004 -0.004 22.297 0.562 

25 0.183 0.079 3836.6 0.000 -0.005 -0.005 22.381 0.614 

26 0.115 0.013 3878.9 0.000 0.019 0.017 23.524 0.603 

27 0.153 0.016 3953.7 0.000 0.002 0.002 23.537 0.656 

28 0.164 0.024 4039.0 0.000 0.013 0.009 24.086 0.677 

29 0.079 -0.035 4058.9 0.000 -0.010 -0.009 24.389 0.710 

30 0.089 -0.066 4084.4 0.000 -0.024 -0.023 26.229 0.663 

31 0.088 0.041 4108.9 0.000 -0.020 -0.021 27.529 0.645 

32 0.079 0.016 4129.0 0.000 -0.001 0.001 27.532 0.692 

33 0.044 -0.075 4135.2 0.000 0.010 0.007 27.869 0.721 

34 0.065 0.008 4148.6 0.000 0.029 0.029 30.512 0.639 

35 0.049 -0.031 4156.3 0.000 0.003 0.003 30.539 0.683 

36 0.077 -0.014 4175.3 0.000 -0.010 -0.010 30.835 0.713 

Source: Author's computations 
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Table A.3: Correlogram of residuals and standardized residuals (model B) 

 
Residuals Standardized Residuals 

Lag AC   PAC  Q-Stat  Prob AC   PAC  Q-Stat  Prob 

1 0.022 0.022 0.912 0.339 0.022 0.022 0.892 0.345 

2 -0.036 -0.037 3.351 0.187 -0.035 -0.036 3.157 0.206 

3 0.005 0.006 3.393 0.335 -0.017 -0.015 3.689 0.297 

4 0.039 0.038 6.278 0.179 0.039 0.038 6.460 0.167 

5 -0.029 -0.030 7.782 0.169 -0.021 -0.024 7.287 0.200 

6 0.008 0.012 7.886 0.247 0.013 0.016 7.588 0.270 

7 0.006 0.003 7.945 0.337 -0.017 -0.018 8.131 0.321 

8 0.030 0.029 9.567 0.297 0.032 0.032 10.017 0.264 

9 0.002 0.003 9.572 0.386 0.023 0.022 10.975 0.277 

10 0.021 0.021 10.376 0.408 0.016 0.015 11.462 0.323 

11 0.020 0.019 11.131 0.432 0.011 0.015 11.685 0.388 

12 0.000 -0.002 11.132 0.518 0.009 0.007 11.848 0.458 

13 -0.018 -0.015 11.722 0.551 -0.042 -0.041 15.162 0.297 

14 0.002 0.000 11.729 0.628 -0.027 -0.025 16.488 0.284 

15 0.013 0.011 12.036 0.676 0.016 0.015 16.955 0.322 

16 0.010 0.010 12.223 0.728 0.019 0.014 17.608 0.347 

17 0.017 0.018 12.763 0.752 -0.001 0.001 17.610 0.414 

18 -0.022 -0.024 13.627 0.753 -0.031 -0.031 19.418 0.367 

19 -0.013 -0.012 13.929 0.788 -0.007 -0.008 19.518 0.424 

20 -0.032 -0.034 15.891 0.723 -0.024 -0.029 20.584 0.422 

21 0.052 0.052 20.933 0.463 0.044 0.045 24.206 0.283 

22 -0.021 -0.024 21.784 0.473 -0.018 -0.017 24.819 0.306 

23 -0.026 -0.022 23.027 0.459 -0.029 -0.025 26.375 0.283 

24 -0.001 0.000 23.028 0.518 -0.003 0.001 26.390 0.334 

25 0.010 0.002 23.227 0.564 0.003 -0.005 26.409 0.386 

26 0.000 0.006 23.228 0.620 0.010 0.013 26.602 0.430 

27 0.014 0.014 23.593 0.653 0.012 0.010 26.886 0.470 

28 0.038 0.039 26.244 0.560 0.028 0.033 28.406 0.443 

29 0.007 0.005 26.327 0.608 -0.001 0.000 28.409 0.496 

30 -0.028 -0.022 27.788 0.582 -0.005 -0.004 28.463 0.546 

31 -0.005 -0.005 27.838 0.630 -0.011 -0.012 28.699 0.585 

32 -0.012 -0.018 28.103 0.664 -0.030 -0.034 30.425 0.546 

33 -0.024 -0.021 29.162 0.659 -0.017 -0.016 30.985 0.568 

34 0.013 0.018 29.481 0.689 0.012 0.014 31.258 0.603 

35 0.002 -0.002 29.487 0.731 0.013 0.013 31.558 0.635 

36 -0.003 -0.004 29.501 0.770 -0.012 -0.018 31.840 0.667 

Source: Author's computations 
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Table A.4: Correlogram of squared residuals and squared standardized 

residuals (model B) 

 
Squared Residuals Squared Standardized Residuals 

Lag AC   PAC  Q-Stat  Prob AC   PAC  Q-Stat  Prob 

1 0.123 0.123 28.0 0.000 -0.009 -0.009 0.153 0.696 

2 0.262 0.251 154.8 0.000 0.001 0.001 0.155 0.925 

3 0.095 0.043 171.4 0.000 -0.018 -0.018 0.738 0.864 

4 0.094 0.018 187.6 0.000 -0.046 -0.046 4.655 0.325 

5 0.138 0.103 223.1 0.000 0.031 0.031 6.468 0.263 

6 0.089 0.043 237.9 0.000 0.015 0.016 6.891 0.331 

7 0.079 0.008 249.5 0.000 0.005 0.003 6.930 0.436 

8 0.078 0.030 260.7 0.000 -0.005 -0.006 6.974 0.539 

9 0.065 0.025 268.6 0.000 -0.020 -0.016 7.684 0.566 

10 0.059 0.009 275.2 0.000 -0.034 -0.033 9.769 0.461 

11 0.086 0.047 288.9 0.000 0.008 0.007 9.890 0.540 

12 0.097 0.061 306.4 0.000 0.020 0.019 10.641 0.560 

13 0.053 -0.007 311.5 0.000 0.026 0.024 11.915 0.535 

14 0.077 0.021 322.4 0.000 0.036 0.035 14.317 0.426 

15 0.072 0.039 332.0 0.000 -0.011 -0.007 14.545 0.485 

16 0.055 0.003 337.7 0.000 0.000 0.003 14.545 0.558 

17 0.136 0.089 372.0 0.000 0.010 0.012 14.721 0.616 

18 -0.005 -0.059 372.0 0.000 -0.041 -0.042 17.926 0.461 

19 0.022 -0.052 372.9 0.000 -0.014 -0.020 18.294 0.503 

20 0.021 0.010 373.8 0.000 0.003 0.002 18.314 0.567 

21 0.024 0.010 374.8 0.000 0.024 0.025 19.360 0.562 

22 0.043 0.004 378.3 0.000 0.024 0.022 20.414 0.557 

23 0.008 -0.018 378.4 0.000 -0.027 -0.023 21.752 0.535 

24 -0.002 -0.025 378.4 0.000 -0.013 -0.010 22.075 0.575 

25 -0.019 -0.035 379.1 0.000 -0.034 -0.033 24.222 0.507 

26 0.040 0.042 382.2 0.000 0.032 0.029 26.119 0.457 

27 0.010 0.006 382.3 0.000 0.001 -0.006 26.119 0.512 

28 0.040 0.008 385.3 0.000 0.018 0.013 26.745 0.532 

29 0.005 -0.014 385.4 0.000 -0.009 -0.009 26.882 0.578 

30 0.007 0.001 385.4 0.000 -0.029 -0.022 28.463 0.546 

31 -0.013 -0.026 385.7 0.000 -0.005 -0.002 28.506 0.595 

32 0.023 0.019 386.7 0.000 0.001 0.006 28.508 0.644 

33 -0.008 -0.010 386.9 0.000 0.003 -0.003 28.531 0.689 

34 0.042 0.024 390.1 0.000 0.043 0.037 31.962 0.568 

35 -0.010 -0.001 390.3 0.000 -0.005 -0.004 32.002 0.614 

36 0.013 0.008 390.6 0.000 -0.019 -0.016 32.659 0.628 

Source: Author's computations 
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Table A.5: Correlogram of residuals and standardized residuals (model C) 

 
Residuals Standardized Residuals 

Lag AC   PAC  Q-Stat  Prob AC   PAC  Q-Stat  Prob 

1 0.037 0.037 1.795 0.180 0.027 0.027 0.980 0.322 

2 -0.087 -0.088 11.737 0.003 -0.018 -0.018 1.394 0.498 

3 -0.077 -0.071 19.569 0.000 0.004 0.005 1.420 0.701 

4 0.022 0.020 20.195 0.000 0.068 0.067 7.469 0.113 

5 0.025 0.011 20.996 0.001 -0.023 -0.027 8.171 0.147 

6 0.011 0.008 21.165 0.002 -0.015 -0.011 8.462 0.206 

7 0.011 0.017 21.328 0.003 0.057 0.057 12.779 0.078 

8 -0.008 -0.005 21.410 0.006 0.004 -0.004 12.798 0.119 

9 -0.045 -0.042 24.057 0.004 0.038 0.043 14.692 0.100 

10 0.004 0.007 24.074 0.007 0.009 0.008 14.804 0.139 

11 0.043 0.035 26.559 0.005 -0.002 -0.009 14.808 0.191 

12 0.007 -0.001 26.626 0.009 -0.017 -0.013 15.170 0.232 

13 0.001 0.010 26.629 0.014 -0.024 -0.028 15.948 0.252 

14 0.084 0.093 36.125 0.001 0.020 0.019 16.486 0.285 

15 -0.071 -0.079 42.805 0.000 -0.006 -0.006 16.537 0.347 

16 -0.036 -0.016 44.534 0.000 -0.039 -0.041 18.564 0.292 

17 0.049 0.053 47.730 0.000 -0.015 -0.012 18.880 0.335 

18 0.055 0.030 51.828 0.000 0.055 0.050 22.976 0.192 

19 0.040 0.042 53.989 0.000 0.035 0.034 24.633 0.173 

20 -0.056 -0.039 58.119 0.000 -0.051 -0.043 28.090 0.107 

21 -0.028 -0.015 59.157 0.000 -0.005 -0.002 28.120 0.137 

22 0.022 0.021 59.833 0.000 -0.010 -0.018 28.267 0.167 

23 0.050 0.044 63.245 0.000 -0.007 -0.006 28.340 0.203 

24 -0.015 -0.027 63.535 0.000 -0.026 -0.015 29.248 0.211 

25 0.001 0.006 63.538 0.000 0.021 0.018 29.850 0.230 

26 -0.048 -0.036 66.595 0.000 -0.018 -0.022 30.304 0.255 

27 0.023 0.029 67.310 0.000 0.022 0.026 30.952 0.273 

28 0.050 0.034 70.700 0.000 0.035 0.030 32.576 0.252 

29 0.014 0.014 70.979 0.000 -0.002 -0.003 32.580 0.295 

30 0.009 0.014 71.097 0.000 0.016 0.025 32.915 0.326 

31 0.006 0.007 71.147 0.000 -0.036 -0.036 34.662 0.297 

32 -0.043 -0.039 73.602 0.000 -0.031 -0.038 35.943 0.289 

33 -0.056 -0.058 77.909 0.000 -0.042 -0.040 38.359 0.239 

34 -0.059 -0.054 82.560 0.000 0.008 0.009 38.452 0.275 

35 -0.064 -0.087 88.140 0.000 -0.044 -0.040 41.019 0.223 

36 0.014 -0.008 88.412 0.000 0.009 0.009 41.135 0.256 

Source: Author's computations 
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Table A.6: Correlogram of squared residuals and squared standardized 

residuals (model C) 

 
Squared Residuals Squared Standardized Residuals 

Lag AC   PAC  Q-Stat  Prob AC   PAC  Q-Stat  Prob 

1 0.384 0.384 194.6 0.000 0.050 0.050 3.329 0.068 

2 0.381 0.274 385.9 0.000 0.016 0.013 3.665 0.160 

3 0.344 0.168 542.0 0.000 0.012 0.011 3.860 0.277 

4 0.182 -0.065 585.5 0.000 0.004 0.002 3.877 0.423 

5 0.339 0.218 737.4 0.000 -0.007 -0.008 3.951 0.557 

6 0.151 -0.079 767.4 0.000 -0.021 -0.021 4.553 0.602 

7 0.197 0.054 818.5 0.000 0.031 0.033 5.833 0.559 

8 0.281 0.148 923.5 0.000 -0.026 -0.029 6.757 0.563 

9 0.246 0.126 1003.7 0.000 0.007 0.009 6.815 0.656 

10 0.386 0.181 1201.6 0.000 -0.037 -0.038 8.601 0.570 

11 0.306 0.071 1325.8 0.000 0.012 0.016 8.808 0.640 

12 0.218 -0.076 1389.2 0.000 0.001 0.001 8.810 0.719 

13 0.233 -0.033 1461.5 0.000 -0.011 -0.009 8.964 0.776 

14 0.168 0.003 1498.9 0.000 0.035 0.033 10.550 0.721 

15 0.201 0.025 1552.5 0.000 0.017 0.016 10.950 0.756 

16 0.127 -0.051 1574.0 0.000 -0.016 -0.021 11.283 0.792 

17 0.199 0.128 1626.8 0.000 0.015 0.019 11.580 0.825 

18 0.152 -0.068 1657.4 0.000 0.002 -0.003 11.588 0.868 

19 0.156 -0.021 1690.0 0.000 0.060 0.062 16.397 0.631 

20 0.193 -0.015 1739.6 0.000 -0.018 -0.024 16.832 0.664 

21 0.110 -0.053 1755.7 0.000 0.021 0.021 17.422 0.685 

22 0.146 -0.012 1784.1 0.000 0.014 0.012 17.701 0.724 

23 0.137 0.066 1809.4 0.000 -0.003 -0.003 17.710 0.773 

24 0.114 0.012 1827.0 0.000 -0.005 -0.004 17.740 0.815 

25 0.213 0.110 1888.1 0.000 0.009 0.013 17.847 0.849 

26 0.124 -0.005 1908.8 0.000 -0.006 -0.015 17.900 0.879 

27 0.176 0.023 1950.3 0.000 -0.006 0.004 17.949 0.905 

28 0.186 0.014 1997.0 0.000 0.013 0.009 18.190 0.921 

29 0.090 -0.033 2007.8 0.000 -0.023 -0.021 18.924 0.923 

30 0.104 -0.088 2022.4 0.000 -0.034 -0.034 20.462 0.904 

31 0.105 0.087 2037.3 0.000 -0.025 -0.019 21.280 0.904 

32 0.089 0.008 2048.0 0.000 -0.015 -0.012 21.568 0.918 

33 0.053 -0.091 2051.7 0.000 0.018 0.019 22.025 0.927 

34 0.072 0.002 2058.7 0.000 -0.003 -0.006 22.040 0.943 

35 0.059 -0.045 2063.5 0.000 -0.002 -0.001 22.046 0.957 

36 0.091 -0.026 2074.8 0.000 -0.011 -0.017 22.213 0.965 

Source: Author's computations 
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Table A.7: The sources of variables 

PX index 

https://www.pse.cz/dokument.aspx?k=Burzovni-Indexy 

14-days PRIBOR rate 

http://www.cnb.cz/en/financial_markets/money_market/pribor/year_form.jsp 

Exchange rate EUR/CZK 

https://www.cnb.cz/en/financial_markets/foreign_exchange_market 

Gold price 

http://research.stlouisfed.org/fred2/series/GOLDAMGBD228NLBM 

Oil price 

http://research.stlouisfed.org/fred2/series/DCOILWTICO 

Source: Author's computations 

 

Table A.8: The PX index base 

Instrument Share of Market Capitalization[%] 

ČEZ 22.21 

VIG 20.77 

ERSTE GROUP BANK 19.21 

KOMERČNÍ BANKA 19.04 

TELEFÓNICA C.R. 6.08 

STOCK 3.12 

UNIPETROL 2.44 

PHILIP MORRIS ČR 1.93 

PEGAS NONWOVENS 1.78 

CETV 1.18 

FORTUNA 0.9 

TMR 0.6 

NWR 0.44 

ORCO 0.31 

Total 100 

Source: http://www.bcpp.cz/Statistika/Burzovni-Indexy/Default.aspx?bi=1 
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Figure A.1: Residuals (model A) 
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Source: Author's computations 

 

Figure A.2: Standardized residuals (model A) 
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Source: Author's computations 
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Figure A.3: Conditional standard deviation process (model A) 
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Source: Author's computations 

 

Figure A.4: Residuals (model B) 
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Source: Author's computations 
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Figure A.5: Standardized residuals (model B) 
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Source: Author's computation 

 

Figure A.6: Conditional standard deviation process (model B) 

.000

.005

.010

.015

.020

.025

.030

.035

.040

01 02 03 04 05 06 07 08

Conditional standard deviation  

Source: Author's computations 
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Figure A.7: Residuals (model C) 
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Source: Author's computations 

Figure A.8: Standardized residuals (model C) 
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Source: Author's computations 
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Figure A.6: Conditional standard deviation process (model C) 
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Source: Author's computations 

 

 


