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Abstract 

The behaviour of stock markets is characterized by volatility, that is the rate at which stock 

prices moves up and down within a short period of time. The importance of understanding the 

nature of volatility is that excessive volatility may prevent the smooth functioning of financial 

markets and adversely affect the performance of the economy. Economic theory and previous 

studies have suggested that the volatility of stock prices are affected by fluctuations in 

macroeconomic factors due to the ability of these factors to determine stock prices. The 

inclusion of macroeconomic variables in the modelling of the volatility of stock prices has 

therefore been investigated to further explain the volatility of stock prices. The purpose of this 

thesis is to examine whether changes in macroeconomic variables have an effect on the 

volatility of the Swedish stock market.  

 

Using GARCH-S models, this study was able to find that changes in the exchange rate, the 

price of oil and prices of international financial markets had significant effects on the volatility 

of the Swedish stock market, proxied by the OMX Stockholm 30 Index. However, the study 

was not able to find any significant effects of changes in the interest rate, the inflation or the 

money supply on the volatility of the OMX Stockholm 30 Index. These findings suggest that 

changes in macroeconomic variables may help to understand the nature of volatility.  
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1. Introduction 

There is a believe that stock markets can be seen as a catalyst for economic growth and 

development for countries. This is due to the stock market’s ability to convert savings into 

fruitful investments as well as reallocating funds in different sectors of the economy. Hence, 

the stock market works as a means through which the joint work of many factors will drive the 

wheel of the economy of a country (Adeniji 2015). The behaviour of stock markets is 

characterized by volatility, that is the rate at which the price of a stock moves up and down 

within a short period of time. Financial time series are therefore known for having a time 

varying variance influenced by volatility clustering, leptokurtosis and leverage effects. 

Volatility clustering refers to the fact that periods of high volatility tends to be followed by 

periods of high volatility while periods of low volatility tends to be followed by periods of low 

volatility. Leptokurtosis means that the distribution of the financial data has heavy tailed, non-

normal distributions and the “leverage effect” or asymmetric volatility refers to the fact that the 

effect induced by bad news on stock market volatility is greater than the effect induced by good 

news (Alshogeathri 2011). The purpose of this study is to examine what affects the volatility 

of the Swedish stock market by examining the volatility of the OMX Stockholm 30 Index. 

 

The importance of understanding the nature of volatility is that excessive volatility may prevent 

the smooth functioning of financial markets and adversely affect the performance of the 

economy. A highly volatile stock market, with enormous swings in the prices of stocks over a 

specific period of time, will mean higher risk and uncertainty associated with stock market 

investment decisions (Alshogeathri 2011). The understanding of volatility patterns of financial 

assets and what events that might alter and determine the persistence of volatility over time is 

therefore of great importance to financial analysts, macroeconomists and policymakers 

(Alshogeathri 2011).    

 

To analyse the risk associated with volatility, there is a great need for an accurate volatility 

model. However, since financial times series data implies time varying variance, many common 

statistical approaches cannot be used due to the assumption of homoscedasticity not being met 

(Alshogeathri 2011). One way to account for the stylized facts of volatility clustering, 

leptokurtosis and leverage effects when modelling the volatility of stock prices is therefore to 

employ the generalized autoregressive conditional heteroscedasticity (GARCH) model by 

Bollerslev (1986). The GARCH model is an extension of the autoregressive conditional 
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heteroscedasticity (ARCH) model which was developed by Engle (1982) and designed to 

account for a time varying variance. The time varying variance is handled in the GARCH model 

by modelling the conditional variance as being determined by the innovations and its own lags 

(Alshogeathri 2011). This way of modelling the time varying variance implies that most of the 

volatility characteristics of financial time series have been related to information contained in 

the history of that series. There is however a believe that prices of financial assets do not evolve 

independently of the market around them which has led to the believe that other variables might 

contain relevant information for explaining the volatility of financial time series as well (Engle 

and Patton 2001). 

 

Following this believe, recent studies have examined if the volatility of stock prices can be 

explained further by addressing the stock markets close relation to the economic activity. 

Motivated by the macroeconomic factors’ ability to determine stock prices, for example trough 

the dividend discount model, the question whether if stock prices are volatile simply because 

real economic activities fluctuate has become a question of interest (Adeniji 2015). 

Understanding the link between stock market volatility and changes in macroeconomic 

variables is important for investors, policymakers and market practitioners. If changes in 

macroeconomic variables can be used as a reliable indicator for stock market volatility, it would 

help investors in managing their portfolios by enabling correct forecasts of stock price 

movements. It would also be helpful for policymakers in formulating policies to know the 

determinants of stock market volatility when hoping to formulate policies that ensure 

macroeconomic stability without causing financial instability. Market practitioners, especially 

investment bankers and fund managers, would find this knowledge helpful since stock market 

volatility affect asset pricing and risk which would enable them to formulate appropriate 

hedging strategies (Adeniji 2015).  

 

Since the introduction of the GARCH model, many different variants of this model have 

therefore been pursued in different directions to deal with the effect of macroeconomic factors 

on the volatility of stock prices (Asgharian, Hou and Javed 2013) and substantial progress has 

been made in modelling the time variation of volatility (Engle, Ghysels and Sohn 2013). The 

dynamic relationship between stock markets and economic activity has been examined by 

numerous empirical studies in the last three decades (Alshogeathri 2011) some of which will 

be reviewed in the following. 
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1.1 Literature Review  

In one of the early works on this topic, Schwert (1989) relates stock market volatility to changes 

in macroeconomic factors by studying the time varying volatility of a variety of economic 

variables for the U.S. stock market using monthly data for the period 1857 to 1987. This was 

performed using a VAR model to analyse if the stock market volatility and the volatility of 

bond returns, the short-term interest rate, inflation rates, money growth and industrial 

production growth changed together through time. The study was able to link the price volatility 

in the stock market to the movements of macroeconomic variables although the evidence was 

weak (Schwert 1989).  

 

Asgharian, Hou and Javed (2013) used a GARCH-MIDAS (Mixed Data Sampling) approach 

to examine the effect of movements in the following macroeconomic variables; the short-term 

interest rate, the slope of the yield curve, the default rate, the exchange rate, inflation, the growth 

rate of the industrial production index and the unemployment rate on the stock market volatility 

in the U.S. for the period 1991 to 2008 where the movements of the macroeconomic variables 

were measured using their squared first differences. The GARCH-MIDAS approach is an 

extension of the GARCH model which includes explanatory variables by allowing the inclusion 

of data measured at different frequencies in the same model. This is possible by dividing the 

conditional variance into a long-term and a short-term component for which the 

macroeconomic variables, that is the low frequency variables, will affect the conditional 

variance via the long-term component. They found, comparing the GARCH model with the 

GARCH-MIDAS model, that the inclusion of the movements of the macroeconomic variables 

enhanced the performance of the model in predicting future stock volatility (Asgharian, Hou 

and Javed 2013). 

 

Barorian (2014) examined if movements in macroeconomic factors were connected with the 

stock market volatility for the five central and eastern European countries the Czech Republic, 

Croatia, Poland, Romania and Hungary for the period 2000 to 2013. The macroeconomic 

variables included in the study were the industrial production as a proxy for GDP, the 

harmonized index of consumer prices (HICP) as a measure of inflation, the unemployment rate 

and the exchange rate. Using ARCH and GARCH models, the study was able to find a 

relationship between the movements of the macroeconomic variables measured as their 

variance and the volatility of the stock markets. This relationship did however vary between 

the countries (Barorian 2014). 



 4 

Alshogeathri (2011) used a wide range of VAR and GARCH models to investigate the 

relationship between eight macroeconomic variables and the Saudi stock market as well as the 

ability of changes in these macroeconomic variables to explain the volatility of the Saudi stock 

market for the period 1993 to 2009. The cointegration test based on the VAR model found a 

positive long run relationship between the Saudi stock market and the money supply M2, the 

bank credit and the price of oil and a negative long run relationship with the money supply M1, 

the short-term interest rate, inflation and the U.S. stock market. To study how short-run 

deviations from this long run relationship affect the stock market volatility, the study used a 

GARCH-X model. The GARCH-X model is an extension of the GARCH model which includes 

the error correction term obtained from the cointegration test in the conditional variance 

equation. This model found a significant relationship between the volatility of the Saudi stock 

returns and the short-run movements of the macroeconomic variables. The study also used a 

GARCH-S model which is another form of extension of the GARCH model which, unlike the 

GARCH-X model, includes the first difference of each individual macroeconomic variable in 

the conditional variance equation instead of the error correction term. In this way, the GARCH-

S model estimates a separate model for the effect of each individual macroeconomic variable 

on the dependent variable. This model found a significant positive relationship between the 

volatility of the Saudi stock market and an increase of the money supply M2 and a significant 

negative relationship between the volatility of the Saudi stock market and an increase in the 

exchange rate (Alshogeathri 2011). 

 

The GARCH-S model was also used by Hasan and Zaman (2017) to examine how the volatility 

of the Bangladesh stock market was affected by changes in the interest rate, the crude oil price, 

the exchange rate and the Indian stock market for the period 2001 to 2015. They found a 

significant positive relationship between an increase of the exchange rate and the volatility of 

the Bangladesh stock market as well as a significant negative relationship between an increase 

of the Indian stock market prices and the volatility of the Bangladesh stock market (Hasan and 

Zaman 2017). 

 

Hence, the existing empirical studies on the effect of changes in macroeconomic factors on the 

volatility of stock prices have been examining a vast range of macroeconomic variables and the 

findings have been mixed due to the sensitivity to the choice of countries, macroeconomic 

variables and time period studied (Alshogeathri 2011). Further, the many studies that have been 

carried out in this field have had a particular focus on developed stock markets such as the 
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United States, the United Kingdom, Germany and Japan (Alshogeathri 2011). Following the 

methodology of Alshogeathri (2011) and Hasan and Zaman (2017) by performing GARCH-S 

models this study was able to find that changes in the exchange rate, the price of oil and prices 

of international financial markets had significant effects on the volatility of the Swedish stock 

market. 

 

1.2 Purpose 

The purpose of this study is to examine if changes in macroeconomic variables have an effect 

on the volatility of the Swedish stock market. Motivated by the economic theory relating 

macroeconomic variables to stock prices as well as previous literature on this topic, this study 

will examine if changes in the following macroeconomic variables; the interest rate, the 

inflation, the exchange rate, the price of oil, the money supply and the prices of international 

financial markets have an effect on the volatility of the Swedish stock market, proxied by the 

OMX Stockholm 30 Index. If changes in these macroeconomic variables can help explain the 

volatility of the OMX Stockholm 30 Index will be examined using the GARCH-S model. The 

time period which this study aims to investigate is January 2010 to December 2019 for which 

monthly data will be used. Hence, this study will contribute to the understanding of how to 

model the volatility of the Swedish stock market and in particular the volatility of the OMX 

Stockholm 30 Index. 

 

This study is organized as follows. In section 2 the economic theory relating stock prices to 

macroeconomic factors will be described as well as the economic motivation behind the chosen 

macroeconomic variables in this study. Section 3 will give a description of the used data and 

section 4 will describe the methodology in form of the models and the performed tests. Section 

5 will describe the results obtained from these tests and section 6 will give a discussion as well 

as an interpretation of these results. Finally, section 7 will give the conclusions of this study.  
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2. Theory 

This section will describe the economic theory relating stock prices to macroeconomic 

variables. The chosen macroeconomic variables in this study will then be presented together 

with the theory behind their expected ability to affect stock prices. This will give the motivation 

for the examination of whether changes in these macroeconomic variables can help explain the 

volatility of stock prices simply due to their ability to determine the prices of stocks. 

 

The link between stock market behaviour and economic activity, proxied by different 

macroeconomic variables, have been illustrated by a number of theories including the Efficient 

Market Hypothesis, the Dividend Discount Model and the Arbitrage Price Theory 

(Alshogeathri 2011) which will be described in the following. 

 

2.1 The Efficient Market Hypothesis 

The Efficient Market Hypothesis (EHM) by Fama (1965, 1970) states that stock prices fully 

reflect all available information such that, regardless of the investment strategies used, 

abnormal profits cannot be produced. This can be expressed as  

 

Ω𝑡
∗ = Ω𝑡                                                                                                                                       (1) 

 

where Ω𝑡
∗ represent the set of relevant information available to investors at time 𝑡 and Ω𝑡 is the 

set of information used to price stocks at time 𝑡. The equivalence of these two sides means that 

the market is efficient (Alshogeathri 2011). The Efficient Market Hypothesis can be 

distinguished into three forms; weak, semi-strong and strong market efficiency. The weak form 

means that current stock prices incorporate all relevant past information. The semi-strong form 

states that current stock prices fully reflect all available public information such as the past 

price of the stock, how the company is performing, expectations regarding macroeconomic 

factors as well as public information about GDP, money supply and interest rate for example. 

Finally, the strong form states that in addition to past and public information, stock prices also 

reflect private information about the specific company (Alshogeathri 2011).  

 

An efficient market will, from an economic standpoint, assist the allocation of economic 

resources. That is, if the stocks of a financially poor company are priced incorrectly, new 

savings will not be used within the financially poor industry. Hence, following the Efficient 
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Market Hypothesis the level of stock price fluctuations or volatility will fairly reflect the 

underlying economic fundamentals (Alshogeathri 2011). 

 

2.2 The Dividend Discount Model 

Consistent with the Efficient Market Hypothesis is the idea that the maximum price that an 

investor is willing to pay for a stock is the current value of future cash flows. This is stated by 

the Dividend Discount Model (DDM) which can be traced back to the seminal works of 

Williams (1938) and Gordon and Shapiro (1956). The Dividend Discount Model was a first 

attempt to find a financial correct pricing formula for common stocks. This model uses a rate 

reflecting the riskiness of a company to obtain the price of a common stock by discounting all 

future dividends per stock (Agosto, Mainini and Moretto 2019). Hence, the Dividend Discount 

Model estimates the value of a common stock at time 𝑡 as follows  

 

𝐸𝑡[𝑃𝑡] = ∑ 𝐸𝑡
∞
𝑖=𝑡+1 [𝐷𝑖] (1 + 𝑟𝑡)𝑖−𝑡⁄                                                                                        (2) 

 

where 𝐸𝑡[𝑃𝑡] is the expected intrinsic value or price that investors would expect to pay for the 

stock in time 𝑡 based on the information available at the time, 𝐷𝑖 is the nominal annual dividends 

expected to be paid on the stock at time 𝑖 and 𝑟 is the discount rate investors demand at time 𝑡 

(Foerster and Sapp 2005). 

 

The approach to explain the link between stock markets and macroeconomic variables through 

the Dividend Discount Model was introduced by Campbell and Shiller (1988). They stated that 

the volatility of the stock market is influenced by the future dividends and the expectations 

related to them since the event of a company paying dividends is conditioned on the state of the 

economy (Baroian 2014). This means that, since stock prices are the discounted present value 

of expected future cash flows and the fundamental value of a corporate stock is equal to the 

present value of expected future dividends, the future dividend must eventually reflect the real 

economic activities (Adeniji 2015). Hence, the price of the stock is affected by any possible 

changes in the expected future cash flows as well as by factors that affect the discount rate of 

these cash flows (Alshogeathri 2011). Since the equity at the aggregate level depend on the 

state of the economic activity, it is likely that any changes in the level of uncertainty of future 

macroeconomic conditions would cause a change in stock return volatility. In other words, 

stock markets may be volatile because real economic activities fluctuate (Adeniji 2015). 
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2.3 The Arbitrage Price Theory 

Another theory connecting the price of a stock to macroeconomic factors is the Arbitrage Price 

Theory (APT). This theory was introduced by Ross (1976) and suggests that stock prices or 

expected returns are driven by multiple macroeconomic factors (Alshogeathri 2011). This can 

be expressed as  

 

𝑅𝑖𝑡 = 𝑟𝑖
𝑓

+ 𝛽𝑖𝑋𝑡 + 휀𝑡                                                                                                                  (3) 

 

where 𝑅𝑖𝑡 is the return of stock 𝑖 at time 𝑡, 𝑟𝑖
𝑓
 is the risk free interest rate or the expected return 

at time 𝑡, 𝑋𝑡 is a vector of the predetermined macroeconomic factors or the systematic risks and 

𝛽𝑖 is the measure of the stocks sensitivity to each of these macroeconomic factors. 휀𝑡 is the error 

term representing unsystematic risk (Alshogeathri 2011).  

 

Provided that the no arbitrage condition is satisfied, Ross (1976) shows that there is an 

approximate relationship between the expected return of the stock and the estimated �̂�𝑖𝑘 

showing that the expected return 𝐸(𝑅𝑖) increases as the investor accept more risk. This 

relationship can be represented in the following equation where the estimated �̂�𝑖𝑘 are used as 

explanatory variables 

 

𝐸(�̅�𝑖) = 𝜆0 + 𝜆1�̂�1𝑖 + 𝜆2�̂�2𝑖 + ⋯ + 𝜆𝑛�̂�𝑛𝑘 + 𝜇𝑖                                                                       (4)  

 

where �̅�𝑖 is the mean excess return for stock 𝑖, the 𝛽’s represent the sensitivity of a stocks return 

𝑛 to the risk factor 𝑘 and the 𝜆𝑛’s represent the reward for bearing risk associated with the 

economic factor fluctuations. This states that the expected return of a stock is a function of 

many factors as well as the stocks sensitivity to these factors (Alshogeathri 2011).  

 

The Arbitrage Price Theory does however not specify which or how many macroeconomic 

factors to include in the modelling of the stock return. Hence, a large number of different 

macroeconomic factors such as the interest rate, money supply, inflation and exchange rates 

have been included in a large body of empirical studies based on reasonable theory 

(Alshogeathri 2011). 
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2.4 Macroeconomic Variables 

The macroeconomic variables included in this study are chosen in accordance with earlier 

studies on this topic as well as due to their theoretical relationship with stock prices. Since these 

theories show how these macroeconomic factors may determine stock prices or stock returns, 

this motivates an examination of whether changes in these macroeconomic factors affect the 

volatility of stock prices. The macroeconomic variables consist of the interest rate, inflation, 

the exchange rate, the price of oil, money supply and international financial markets.  

 

2.4.1 Interest Rate 

Interest rate is one of the most used macroeconomic factors in determining stock prices where 

an inverse relationship between the interest rate and the stock price is expected according to 

economic theory (Hasan and Zaman 2017). This means that, due to the assumption in economic 

theory that stock prices are determined in a forward-looking manner by expected future 

earnings, monetary policy shocks will affect stock prices directly through the discount rate but 

also indirectly through its influence on the risks that an agent face on the market (Alshogeathri 

2011). An increase in the interest rate will in this way mean that the risk and required rate of 

return of investments will increase and due to the increased cost of capital the profit of the firms 

will tend to decrease. This may then result in the stock prices decreasing as well. Higher interest 

rates also mean that the discounted value of the future dividends will be less which means that 

investors are willing to pay less for these stocks and the price will decline (Alshogeathri 2011).  

 

2.4.2 Inflation 

One way of motivating the effect of inflation on stock prices is by the Fisher Effect which was 

introduced by Fisher (1930). This theory states that the stock market serves as an effective 

hedge against inflation as in the long run, inflation and the nominal interest rate should move 

one-to-one with expected inflation. This implies that higher inflation will increase the nominal 

stock market return while the real stock return remains unchanged fully compensating investors 

(Alshogeathri 2011). Another view of the effect of inflation on stock prices was given by Fama 

(1981) and Schwert (1981) who found support for a negative correlation between the two. One 

reason for why inflation would have a negative effect on stock prices is the negative correlation 

between inflation and expected real economic growth. Meaning that, if the expected inflation 

rate becomes remarkably high, investors would shift their portfolios towards real assets 

(Alshogeathri 2011).  
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2.4.3 Exchange Rate 

The relationship between stock prices and the exchange rate, where the exchange rate is defined 

as domestic currency per unit of foreign currency, can be explained by the goods market 

approach. This approach was introduced by Dornbusch and Fischer (1980) and relates the effect 

of changes in the exchange rate on the stock prices to the current account or trade balance. That 

is, how changes in the exchange rate affect the economy of a country’s international 

competitiveness. Hence, a depreciation of the domestic currency will increase exports which 

will yield higher profits and expected cash flows for these companies and therefore higher stock 

prices and the opposite for an appreciation (Alshogeathri 2011). This negative relationship 

between stock prices and exchange rates is however depending on the importance of the 

international trade for the economy and whether the companies listed on the stock market are 

importing or exporting companies (Alshogeathri 2011).  

 

2.4.4 Oil Price 

It is often argued that the price of oil must be included as a factor that affect stock prices (Hasan 

and Zaman 2017). Given that stock prices are discounted values of expected future cash flows 

and oil is an essential input cost for final products, it is reasonable to think that oil prices would 

affect stock prices in two ways. First it may affect the expected cash flows through the cost of 

final products in the economy, which would cause opposite changes in stock prices 

(Alshogeathri 2011). In this way, rising oil prices will lead to lower corporate sales and profits 

for the firms which in turn will decrease stock prices through dividends (Hasan and Zaman 

2017). It may also affect stock prices via its effect on the discount rates since it affects the 

expected inflation rate and expected domestic inflation. For example, a higher price on oil 

would place an upward pressure on expected domestic inflation which is positively related to 

the discount rate and negatively related to stock prices (Alshogeathri 2011). This could also 

cause the real interest rate to rise which would increase the rate of return required by investors 

and thereby cause the stock prices to decrease. How stock prices are affected by changes in the 

price of oil is also depending on whether the country is a net producer or net consumer of oil, 

where the effect of an increase of the price of oil will have a negative effect on stock prices for 

a net oil importing country (Alshogeathri 2011). Sweden, for which this study is conducted, is 

considered a net importing country being the 22th largest oil importer in the world (Constantino 

and Hagström 2016). 
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2.4.5 Money Supply 

Together with the interest rate, money supply is one of the most used macroeconomic variables 

in determining stock prices (Hasan and Zaman 2017). However, it has been widely discussed 

in economic literature what impact the money supply has on stock prices and how changes in 

the money supply will effect stock prices. One theory is that changes in the money supply may 

affect the present value of cash flows via its effect on the discount rate (Alshogeathri 2011). 

Another theory is that an exogenous shock that increase the money supply will change the 

equilibrium position of money with respect to other assets included in the portfolio. This theory 

was introduced by Friedman and Schwartz (1963) who stated that as a result of the increased 

money supply, asset holders would adjust their portfolios taking the form of money balances 

and altering the demand for other assets as equity shares. This will generate an excess supply 

of money balances which leads to an excess demand for shares and the share prices will be 

expected to rise (Alshogeathri 2011).  

 

2.4.6 International Financial Markets 

After the global stock market crash in October 1987 it became critical for portfolio managers 

and policymakers to understand how international financial markets affect each other. 

Policymakers are interested in trying to diminish the negative effects of international crises on 

the country’s economy while portfolio managers want to take advantage of international 

diversification (Alshogeathri 2011). Hence, changes in stock prices of international financial 

markets may contributed to movements in stock prices on the domestic market. It has been 

argued that this effect is larger for markets that are geographically close or linked by strong 

economic connections (Hasan and Zaman 2017). The degree of this kind of stock comovement 

is however hard to predict since it depends on the economic and financial environment and 

hence can change over time (Ando 2019). 
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3. Data 

This section will give a definition of the different variables included in this study and a 

description of the data that has been used. The variables are chosen in accordance with earlier 

studies on this topic as well as economic theory. For a summary of this description, see Table 

6 in the appendix. 

 

The set of variables included in this study are the OMX Stockholm 30 Index, the S&P 500 

Index, the Euro Stoxx 50 Index, the Swedish interest rate, the crude oil price, the Swedish 

consumer price index (CPI), the total competitive weights (TCW) exchange rate index for the 

Swedish krona and the money supply M3. The data are monthly frequency data running from 

January 2010 to December 2019, making 120 observations in total on each variable. A more 

detailed explanation of the data of each variable will be given below. 

 

The price of the OMX Stockholm 30 Index will serve as the dependent variable in this study as 

a proxy for the Swedish stock market. It is the most traded index of the Nasdaq Nordics indexes 

and consists of the 30 most traded shares on Nasdaq Stockholm Stock Exchange. It is a market 

weighted index meaning that the included shares affect the value of the index with a weight that 

is proportional to its total market capitalization. The OMX Stockholm 30 Index has a high 

correlation to the broad all share index for the Nasdaq Stockholm Stock Exchange but has a 

slightly higher volatility (Nasdaq). The data for the price of the OMX Stockholm 30 Index is 

collected from Yahoo Finance and exists of the monthly closing prices adjusted for both 

dividends and splits calculated by Yahoo Finance. The variable for the price of the OMX 

Stockholm 30 Index will be referred to as OMX in the performed tests. 

 

The effect of a change in the interest rate on the volatility of the Swedish stock market will be 

examined using the Swedish interest rate. This is collected from the Swedish Riksbank and 

consists of the monthly average of the Swedish central banks repo rate calculated by the 

Swedish Riksbank. The variable for the interest rate will be referred to as Irate in the performed 

tests. 

 

How a change in inflation affects the volatility of the Swedish stock market will in this study 

be measured using the Swedish consumer price index (CPI) which is collected from 

Statistikdatabasen by the Statistiska Centralbyrån. This index is measured in total numbers on 
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a monthly frequency with the year 1980 as base year, that is 1980=100, calculated by the 

Statistiska Centralbyrån. The use of the consumer price index as proxy for inflation is similar 

to previous studies on this topic, see for example Alshogeathri (2011) and Barorian (2014). The 

variable for the consumer price index will be referred to as CPI in the performed tests. 

 

This study will examine the effect of a change in the exchange rate on the volatility of the 

Swedish stock market by using the total competitive weights (TCW) exchange rate index for 

the Swedish krona. This is an effective exchange rate index constructed by weighing together 

different bilateral exchange rates. It is weighted based on the average aggregated flows of 

processed goods for 21 countries and accounts for export, import and third-country effects. A 

higher value of the index indicates that the Swedish krona has depreciated and a lower value of 

the index indicates that it has appreciated (Sveriges Riksbank 2020). The data is collected from 

the Swedish Riksbank and is measured as a monthly average calculated by the Swedish 

Riksbank. The variable for the the total competitive weights (TCW) exchange rate index for 

the Swedish krona will be referred to as TCW in the performed tests. 

 

The effect of a change in the price of oil on the volatility of the Swedish stock market will in 

this study be examined using the forward price of crude oil. This data is collected from Yahoo 

Finance and consists of the monthly closing prices of the future contract for crude oil calculated 

by Yahoo Finance. The variable for the price of crude oil will be referred to as Oilp in the 

performed tests. 

 

How a change in the money supply affect the volatility of the Swedish stock market will in this 

study be examined using the monetary measure M3. This data is collected from 

Statistikdatabasen and is measured as the value at the end of each month in millions of Swedish 

crowns. The variable for the money supply will be referred to as M3 in the performed tests. 

 

The effect a change on the international financial markets on the volatility of the Swedish stock 

market will be examined using the Standard & Poor’s 500 Index and the Euro Stoxx 50 Index. 

These indices will serve as proxies for the United States stock market and the European stock 

market. They are chosen both due to the European stock markets close geographic link to the 

Swedish stock market but also due to the Swedish stock markets strong economic connection 

to these markets giving the expectation of a comovement between them. The data for the S&P 

500 Index and the Euro Stoxx 50 Index is collected from Yahoo Finance and consists of the 
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monthly closing prices adjusted for both dividends and splits calculated by Yahoo Finance. The 

variable for the S&P 500 Index will be referred to as SP500 in the performed tests and the 

variable for the Euro Stoxx 50 Index will be referred to as ESTX50. 

 

To illustrate some descriptive statistics for the included variables in this study, Table 1 reports 

the mean, maximum and minimum values, the standard deviations and the test statistics for the 

Shapiro-Wilk and the skewness/kurtosis tests for normality.  

 

Table 1: Descriptive statistics 

 OMX SP500 ESTX50 Irate Oilp CPI 

Mean 1353.314 1968.874 3057.225 .318095 72.70258 317.118 

Maximum 1771.85 3230.78 3745.15 2 113.93 337.68 

Minimum 910.17 1030.71 2118.94 -.5 33.54 299.79 

Std.Dev. 236.2707 593.9743 404.3858 .8267841 21.9046 8.674076 

Pr(Skewness) 0.3177 0.3365 0.1206 0.0107 0.7487 0.0069 

Pr(Kurtosis) 0.0000 0.0000 0.0036 0.0000 0.0000 0.9070 

Prob>chi2 0.0000 0.0001 0.0086 0.0000 0.0000 0.0334 

Prob>z 0.00002 0.00026 0.00375 0.00000 0.00001 0.00000 

Obs. 120 120 120 120 120 120 

 

 TCW M3 

Mean 128.9097 2742103 

Maximum 147.6491 3738715 

Minimum 113.8409 2113307 

Std.Dev. 8.328515 484890.5 

Pr(Skewness) 0.0941 0.0291 

Pr(Kurtosis) 0.0676 0.0000 

Prob>chi2 0.0525 0.0000 

Prob>z 0.00271 0.00000 

Obs. 120 120 

 

The Shapiro-Wilk test, which tests normality using the Prob>chi2 and rejects the hypothesis of 

normally distributed data for low values of this test statistic (Stata c), indicates that none of the 

variables are normally distributed. The skewness/kurtosis test, which combines two normality 

tests one based on skewness and one based on kurtosis into the overall test statistic Prob>z and 

rejects the hypothesis of normally distributed data for low values of this test statistic (Stata b), 
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also indicates that none of the variables are normally distributed. The test statistics for the two 

separate normality tests included in the skewness/kurtosis test are given by Pr(Skewness) and 

Pr(Kurtosis) (Stata b). Hence, these non-normally distributions indicate that the data might be 

characterized by time varying variances and cannot be modelled by many common statistical 

approaches. This suggests the use of a GARCH model to model its volatility (Alshogeathri 

2011). 
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4. Methodology 

This section will give a description of the used methodology and the performed tests. The 

purpose of these tests are to study if changes in the chosen macroeconomic variables have an 

effect on the volatility of the price of the OMX Stockholm 30 Index. This will be examined 

using an extended GARCH model, namely the GARCH-S model. 

 

4.1 The GARCH Model 

The GARCH model is an extension of the autoregressive conditional heteroscedasticity 

(ARCH) model. The ARCH model was developed by Engle (1982) and is designed to account 

for a time-varying variance. The ARCH (𝑞) model, where the 𝑞 indicates the lag length of the 

autoregressive component, models the conditional variance as a linear function of the past 𝑞 

squared innovations as 

 

ℎ𝑡
2 = 𝜔 + ∑ 𝛼𝑖

𝑞
𝑖=1 휀𝑡−𝑖

2                                                                                                                 (5) 

 

where 𝜔 and 𝛼𝑖 are non-negative parameters to ensure that the conditional variance is positive 

and 휀𝑡
2 is the square error obtained from the mean equation (Alshogeathri 2011). The fit of the 

ARCH (𝑞) model for financial time series has however been shown to work well only when 

using a large number of lags. This weakness has led to several extensions of this model, there 

among the generalized autoregressive conditional heteroscedasticity (GARCH) model by 

Bollerslev (1986). The GARCH model is an attempt to overcome the need for the large number 

of lags to correctly model the high persistence of variance associated with financial and 

economic data (Alshogeathri 2011). The GARCH (𝑞, 𝑝) model differs from the ARCH (𝑞) 

model in the way that it models the conditional variance as an autoregressive moving average 

(ARMA) process such that the conditional variance is determined by the innovations and its 

own lags. To do this, the GARCH (𝑞, 𝑝) model jointly estimates two equations, the conditional 

mean equation and the conditional variance equation, for which the 𝑞 is the lag length of the 

autoregressive component and the 𝑝 is the lag length of the moving average component 

(Alshogeathri 2011). These two equations will be described in the following. 
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4.1.1 The Conditional Mean Equation 

The first step in the GARCH (𝑞, 𝑝) model is to estimate the mean equation. This will construct 

the fitted squared errors 휀𝑡
2 which will serve as the dependent variable in the second equation, 

the conditional variance equation. The typical way of modelling the mean equation is to use the 

following form of the ARMA (𝑞, 𝑝) process 

 

𝑅𝑡 = 𝜇 + ∑ 𝛼𝑖
𝑞
𝑖=1 𝑅𝑡−𝑖 + ∑ 𝛾𝑗

𝑝
𝑗=1 휀𝑡−𝑗 + 휀𝑡                                                                                (6) 

 

where in this study 𝑅𝑡 will represent the monthly price of the OMX Stockholm 30 Index 

calculated as 𝑅𝑡 = 𝑂𝑀𝑋𝑡 − 𝑂𝑀𝑋𝑡−1. The autoregressive component is given by the 𝑅𝑡−𝑖 and 

the moving average component is given by the 휀𝑡−𝑗 (Alshogeathri 2011). 

 

4.1.2 The Conditional Variance Equation 

The fundamental contribution of the GARCH (𝑞, 𝑝) model is however the conditional variance 

equation. Following Alshogeathri (2011) it can be stated as a function of three terms as follows 

 

휀𝑡|Ω𝑡−1~𝑁(0, ℎ𝑡
2)  

ℎ𝑡
2 = 𝜔 + ∑ 𝛼𝑖

𝑞
𝑖=1 휀𝑖−1

2 + ∑ 𝛽𝑗
𝑝
𝑗=1 ℎ𝑡−𝑗

2                                                                                              (7) 

𝜔 > 0 ,  𝛼𝑖,  𝛽𝑗 ≥ 0 → ℎ𝑡
2 ≥ 0,  𝑖 = 1, … , 𝑞 and 𝑗 = 1, … , 𝑝     

 

where Ω𝑡−1 is the set of all information available at time 𝑡 − 1, 𝜔 is the mean of yesterday’s 

forecast and 휀𝑖−1
2  is the lag of the squared residuals obtained from the mean equation, that is the 

ARCH term. This term represents the information about the volatility from the previous period 

and has a weighted impact on the current conditional volatility. The impact is gradually 

declining but will never reach zero. The GARCH term is represented by the ℎ𝑡−𝑗
2  which 

measures the impact of last periods forecast variance. The restriction of non-negative values for 

the parameters 𝜔, 𝛼𝑖 and 𝛽𝑗 is important to ensure positive values for the conditional variance, 

that is ℎ𝑡
2 ≥ 0 (Alshogeathri 2011). Further, the size of the two parameters 𝛼𝑖 and 𝛽𝑗 determines 

the short run dynamics of the volatility of the data while the sum of their estimated values 

determine the persistence of volatility to a particular shock. If 𝛼𝑖 has a large and positive value, 

this means that the time series contains strong volatility clustering. If 𝛽𝑗 has a large and positive 
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value, this means that the impact of the shocks to the conditional variance lasts for a long time 

before dying out, that is volatility is persistent. For the GARCH (𝑞, 𝑝) model to be covariance 

stationary, it is required that 𝛼𝑖 + 𝛽𝑗 < 1  (Alshogeathri 2011). 

 

4.2 The GARCH-S Model 

Some extension of the standard GARCH model has been made to enable the adding of 

explanatory variables in the model and one of these extensions is the GARCH-S model. This 

model examines the effect of a change in each individual explanatory variable on the volatility 

of the stock price by estimating a separate model for each explanatory variable. This is 

advantageous due to the existence of any correlation between the variables. Hence, there will 

be one equation per explanatory variable (Hasan and Zaman 2017). Following Alshogeathri 

(2011) and Hasan and Zaman (2017) the GARCH-S model can be expressed as follows 

 

ℎ𝑡
2 = 𝜔 + ∑ 𝛼𝑖

𝑞
𝑖=1 휀𝑖−1

2 + ∑ 𝛽𝑗
𝑝
𝑗=1 ℎ𝑡−𝑗

2 + 𝜆𝑛∆𝑋𝑛𝑡                                                                  (8) 

 

where 𝑛 is the number of explanatory variables, hence 𝑛 = 7 in this study. The change in the 

explanatory variables are represented by the term ∆𝑋𝑛𝑡 and is measured as the first difference 

of each explanatory in time 𝑡. The effect of this change on the volatility of the stock price is 

estimated by the parameter 𝜆𝑛 (Hasan and Zaman 2017).  

 

The volatility of the stock price ℎ𝑡
2 is measured by the estimated fitted squared errors obtained 

from the conditional mean equation, that is 휀𝑡
2, for which an increase (decrease) in the volatility 

is implied by an increase (decrease) of these errors. This increase or decrease of these errors 

can follow either from an increase or decrease in the price of the stock depending on its previous 

value. The use of the first differences of the explanatory variables in explaining this volatility 

of the stock price implies that the effect of a change in these explanatory variables will be 

examined by studying what happens to the volatility of the stock price when the value of these 

macroeconomic variables increases. This is because the change of the explanatory variables is 

measured as the difference between their value in time 𝑡 and their value in time 𝑡 − 1, that is 

𝑋𝑡 − 𝑋𝑡−1. A change in an explanatory variable is therefore implied by a positive difference 

which follows from a higher value of this variable in time 𝑡 relative to its value in 𝑡 − 1. Hence, 

this method will not be examining the effect on the volatility of the stock price due to a change 

in the macroeconomic variables following a decrease in their values. A positive (negative) 



 19 

effect of an increase in an explanatory variable will mean an increase (decrease) of the volatility 

of the stock price, that is an increase (decrease) of the errors. If this increased (decreased) 

volatility of the stock price is due to an increase or a decrease in its price will however not be 

answered. 

 

The use of the GARCH model requires that there are GARCH effects present in the data, that 

is that the data are not normally distributed (Hasan and Zaman 2017). This will be checked 

using the skewness/kurtosis tests for normality as well as the Shapiro-Wilk test for normally 

distributed data. These tests test the null hypothesis of normally distributed data against the 

alternative hypothesis of non-normally distributed data for which the null hypothesis is rejected 

for low values of the test statistics (Stata b, c). 

 

Since GARCH procedures are stationary processes, the underlying data has to be stationary 

(Hasan and Zaman 2017). This will be tested using the Augmented Dickey-Fuller (ADF) test 

for a unit root by Dickey and Fuller (1979). The ADF test can be expressed in the following 

equation 

 

∆𝑋𝑡 = 𝛼 + 𝛽Τ + γ𝑋𝑡−1 + 𝛿𝑖 ∑ ∆𝑚
𝑖=1 𝑋𝑡−𝑖 + 휀𝑡                                                                             (9) 

 

where 𝛼 is an intercept, 𝛽 is the coefficient if time trend Τ, 𝛾 and 𝛿 are the parameters where 

𝛾 = 𝜌 − 1, ∆𝑋 is the first difference of X series, 𝑚 is the number of lagged first differenced 

term and 휀 is the error term. The test for the unit root is conducted on  the coefficient of 𝑋𝑡−1 

in the regression (Hasan and Zaman 2017). Following Alshogeathri (2011), the optimal lag 

length in the ADF tests will be decided according to the SBIC criteria. 

 

This study will use the GARCH-S (1,1) model for the lag order of the ARCH and the GARCH 

effects following that the standard GARCH (1,1) model is argued by for example Bollerslev 

(1986) to be sufficient in capturing all volatility clustering present in the data (Hasan and Zaman 

2017). The parameters of this GARCH-S (1,1) model will be estimated using a maximum 

likelihood estimation (Stata a). For this estimation, the assumption about the conditional 

distribution of the error term will follow the commonly employed assumption that the 

distribution of the error term should be specified as following a Gaussian distribution (Engle 

and Patton 2001). All tests will be performed in the statistical software StataIC. 
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5. Results 

This section will give the results of the GARCH-S (1,1) models performed in this study as well 

as the tests performed to motivate the use of this model. 

 

To examine if there exist any relationships between the macroeconomic variables and the price 

of the OMX Stockholm 30 Index, this study will start by analysing the correlation between 

them.  If there exist any relationships among the variables this correlation will, without saying 

anything about the causation, reveal some information about the strengths of these 

relationships. The existence of relationships between the macroeconomic variables and the 

price of the OMX Stockholm 30 Index will give support for the inclusion of these chosen 

macroeconomic variables in this study (Alshogeathri 2011). Table 2 report the results of the 

correlation test.  

 

Table 2: Results correlation matrix 

 OMX SP500 ESTX50 Irate Oilp CPI TCW M3 

OMX 1.0000        

SP500 0.9268 1.0000       

ESTX50 0.9395 0.8255 1.0000      

Irate -0.8190 -0.7778 -0.7926  1.0000     

Oilp -0.6653 -0.6172 -0.5952 0.8535 1.0000    

CPI 0.7259 0.9060 0.5716 -0.5078 -0.4168 1.0000   

TCW 0.6601 0.7616 0.6200 -0.7373 -0.6973 0.7039 1.0000  

M3 0.8467 0.9703 0.7256 -0.7604 -0.6586 0.9344 0.8208 1.0000 

 

The correlation matrix indicates that the macroeconomic variables have a strong relationship 

with the price of the OMX Stockholm 30 Index. The relationship is positive for the price of the 

S&P 500 Index, the price of the Euro Stoxx 50 Index, the CPI, the TCW index and the money 

supply M3 and negative for the interest rate and the price of crude oil. These strong relationships 

therefore support the inclusion of these variables in this study. The high correlation between 

the independent macroeconomic variables also supports the use of the GARCH-S model since 

it estimates the effect of each individual macroeconomic variable on the dependent variable by 

estimating a separate model for each macroeconomic variable. This will enhance the reliability 
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of the estimated coefficients since the risk of multicollinearity is reduced (Sadahiro and Wang 

2018). 

 

In testing for stationarity, the optimal lag-length for the Augmented Dickey-Fuller (ADF) tests 

were decided to one lag according to the SBIC criteria (see appendix table 7). The performed 

ADF tests showed that all variables were non-stationary in levels but stationary in first 

differences (see appendix tables 8-23). This indicates that the GARCH-S (1,1) model can be 

performed on the first differences of all the variables. The first differences of the variables are 

measured as described in Table 3. 

 

Table 3: Measurement procedure of the variables 

Variables Symbol Monthly changes 

OMX Stockholm 30 Index OMX OMXt  OMXt-1 

S&P 500 Index SP500 SP500t  SP500t-1 

Euro Stoxx 50 Index ESTX50 ESTX50t  ESTX50t-1 

Interest rate Irate Iratet  Iratet-1 

Price of crude oil Oilp Oilpt  Oilpt-1 

Consumer Price Index CPI CPIt  CPIt-1 

TCW Index TCW TCWt  TCWt-1 

Money supply M3 M3 M3t  M3t-1 

 

 

To provide some historical background of the behaviour of the variables in their first differences 

as well as analysing if there are any GARCH effects present in the data, that is if the data are 

not normally distributed, Table 4 gives a summary of the descriptive statistics for these 

variables. This table includes the mean, the maximum and minimum values, standard deviations 

as well as the test statistics from the tests for kurtosis, skewness and normality. 
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Table 4: Descriptive statistics of variables in first differences 

 OMX SP500 ESTX50 Irate Oilp CPI 

Mean 6.875126 18.12529 8.137142 -.0042017 -.0994118 .3184034 

Maximum 122.72 197.25 317.56 .2143 13.99 2.54 

Minimum -165.68 -253.32 -368.29 -.3696 -18.34 -3.65 

Std.Dev. 53.69347 70.31363 132.256 .0800819 5.870849 1.255195 

Pr(Skewness) 0.0413 0.0009 0.1079 0.1040 0.0190 0.0003 

Pr(Kurtosis) 0.2072 0.0014 0.4999 0.0000 0.3499 0.0294 

Prob>chi2 0.0612 0.0002 0.2116 0.0001 0.0481 0.0007 

Prob>z 0.09361 0.00029 0.14914 0.00000 0.04826 0.00009 

Obs. 119 119 119 119 119 119 

 

 TCW M3 

Mean .0732723 13034.61 

Maximum 3.4539 115152 

Minimum -3.7514 -39660 

Std.Dev. 1.623627 31416.24 

Pr(Skewness) 0.5055 0.0389 

Pr(Kurtosis) 0.2318 0.9875 

Prob>chi2 0.3846 0.1129 

Prob>z 0.43100 0.03350 

Obs. 119 119 

 

 

The value of the overall statistics for the test for skewness and kurtosis (Prob>chi2) indicates 

that the null hypothesis of normally distributed data can be rejected on a five percent 

significance level for the first differences of the variables the S&P500 Index, the interest rate, 

the price of crude oil, and the CPI. This null hypothesis can be rejected on a ten percent 

significance level for the variable the OMX Stockholm 30 Index. The Shapiro-Wilk test for 

normality (Prob>z) also rejects the null hypothesis of normality for these variables as well as 

for the money supply M3. None of these tests could reject the null hypothesis of normality for 

the variables the Euro Stoxx 50 Index and TCW Index in their first differences, however the 

two normality tests could reject the hypothesis of normally distributed data for all variables in 

level (see table 1 for descriptive statistics of variables in level). This characteristic of not 

normally distributed data for the price of the OMX Stockholm 30 Index indicates that it is 

legitimate to use a GARCH model to describe its volatility since there exist GARCH effects. 

Hence, the GARCH-S model can be estimated to model its volatility (Alshogeathri 2011). The 

result of the GARCH-S models is reported in Table 5. 
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Table 5: Results GARCH-S (1,1) models 

Coefficients Model 1 Model 2 Model 3 Model 4 Model 5 

 6.6697*** 6.0047*** 6.4617*** 

 

5.8224*** 6.4351*** 

 .1175 .1983* .2267 .1242 .2685* 

 .4323*** .4183*** .5490** .6534*** .5188*** 

 +  .5498 .6166 .7757 .7777 .7873 

𝜆∆𝑆𝑃500 -.0164***     

𝜆∆𝐸𝑆𝑇𝑋50  -.0119***    

𝜆∆𝐼𝑟𝑎𝑡𝑒   1.1970   

𝜆∆𝑂𝑖𝑙𝑝    -.1719**  

𝜆∆𝐶𝑃𝐼     -.3585 

 

 

Coefficients Model 6 Model 7 

 5.1489*** 6.4208*** 

 .1369** .2308* 

 .7157*** .5495** 

 +  .8526 .7804 

𝜆∆𝑇𝐶𝑊 .8597 **  

𝜆∆𝑀3  1.77e-06 

 

Note: *** one percent significance level, ** five percent significant level, * ten percent 

significance level. The values are rounded to four decimals, for original numbers see appendix 

Table 24. 

 

The results of the variance equations of the seven GARCH-S (1,1) models show that the 

constant term  is positive and significant for all variables which fulfils the restriction of non-

negative values. This restriction is also fulfilled for the values of the ARCH and GARCH 

effects, that is the  and  respectively, which are positive in all cases. The sum of  and  are 

less than one for all models which indicates that the models are covariance stationary. The sum 

of these two coefficients also measures the persistence of volatility and since this sum can be 
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considered as close to one for all of the models, this indicates that a shock to the volatility of 

the Swedish stock market lasts for a long time (Hasan and Zaman 2017). The GARCH effect  

is significant on a five percent significance level in all models indicating that the last periods 

forecast has an effect on the conditional volatility. The ARCH effect  is on the other hand not 

significant in any of the models on a five percent significance level indicating that the 

information about the volatility from the previous period do not have an effect on the current 

conditional volatility. 

 

The value of , that is the effect on the volatility of the price of the OMX Stockholm 30 Index 

from a change in the explanatory variables, were significant on a one percent significance level 

for model 1 and 2 and significant on a five percent significance level for model 4 and 6. This 

indicates that changes in the price of the S&P 500 Index, the price of the Euro Stoxx 50 Index, 

the price of crude oil and the value of the TCW index have significant effects on the volatility 

of the price of the OMX Stockholm 30 Index. This effect is negative for the three variables the 

S&P 500 Index, the Euro Stoxx 50 Index and the price of crude oil indicating that a change in 

these variables following an increase in their values will result in a decrease of the volatility of 

the OMX Stockholm 30 Index. The effect of a change following an increase in the value of the 

TCW index is however positive indicating that the volatility of the OMX Stockholm 30 Index 

will increase as a result of this. 
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6. Discussion 

This section will give an interpretation of the results from the GARCH-S models obtained in 

the previous section as well as a discussion regarding their implications. Since the measurement 

procedure of the explanatory macroeconomic variables for the GARCH-S models implies that 

a change in them follows from an increase in their values (see methodology), the results 

obtained from these models can be interpreted as follows. 

 

The negative effect on the volatility of the price of the OMX Stockholm 30 Index of an increase 

in the price of the S&P 500 Index and the price of the Euro Stoxx 50 Index, means that the 

volatility of the price of the OMX Stockholm 30 Index will decrease when the prices of these 

two indices increases. These results, that there are significant effects of changes in the prices of 

international financial markets on the volatility of the price of the domestic financial market is 

in line with the theory suggesting that international financial markets can have an effect on the 

domestic financial market both due to geographical links but also due to strong financial 

connections. However, the effect of an increase in the prices of the international financial 

markets on the volatility of the price of the Swedish stock market were expected to be positive 

due to their expected comovement. This comovement suggested that an increase in the prices 

of the international financial markets would cause an increase in the price of the Swedish stock 

market and hence cause an increased volatility of this price. These opposite results might be 

due to the use of monthly data and perhaps the use of daily data would capture the effect of this 

comovement more accurate. The result that an increase in the prices of the international 

financial markets will decrease the volatility of the price of the domestic financial market is 

however in line with the findings of Hasan and Zaman (2017). Their study found that the 

volatility of the price of the Bangladesh stock market decreased due to an increase in the price 

of the Indian stock market and concluded that international financial markets have an effect on 

the domestic financial market.  

 

The negative effect on the volatility of the price of the OMX Stockholm 30 Index of an increase 

in the price of crude oil means that the volatility of the price of the OMX Stockholm 30 Index 

will decrease when the price of crude oil increases. If this decreased volatility of the price of 

the OMX Stockholm 30 Index is implied by a decrease in its price, this effect of the increased 

price of crude oil will be in line with the theory suggesting that an increase in the price of oil 

will have a negative effect on stock prices for an oil importing country such as Sweden. This is 
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due to the effect of the increased price of oil to either increase the cost of final products yielding 

lower profits for the firms or to put an upward pressure on the expected domestic inflation and 

hence the discount rate. Compared to the studies of Alshogeathri (2011) and Hasan and Zaman 

(2017), they were not able to find a significant effect of a change in the price of oil on the 

volatility of the Saudi and Bangladesh stock market prices using GARCH-S models. 

 

The positive effect on the volatility of the price of the OMX Stockholm 30 Index of an increase 

in the value of the TCW index means that the volatility of the price of the OMX Stockholm 30 

Index will increase when the value of the TCW index increases. If this increased volatility of 

the price of the OMX Stockholm 30 Index is implied by an increase in its price, this will be in 

line with the theory suggesting that a depreciation of the domestic currency will increase stock 

prices for the domestic firms. A depreciation of the Swedish krona can be expected for an 

increase in the value of the TCW index due to the construction of this index. This increased 

price of the OMX Stockholm 30 Index would then be due to the increased exports which will 

increase the profits and expected cash flows for the firms resulting in rising stock prices. This 

finding is in line with the findings of Hasan and Zaman (2017) who found that the volatility of 

the price of the Bangladesh stock market increased due to an increase of the exchange rate. 

 

These results imply that an increase in the price of the S&P 500 Index, the price of the Euro 

Stoxx 50 Index, the price of crude oil and the value of the TCW index, provides significant 

knowledge in explaining the volatility of the OMX Stockholm 30 Index. However, the study 

was not able to find any significant effects of an increase in the interest rate, the Swedish 

consumer price index (CPI) and the money supply on the volatility of the OMX Stockholm 30 

Index. These findings that an increase in the interest rate, the consumer price index and the 

money supply did not have any significant effects on the volatility of the price of the OMX 

Stockholm 30 Index are somewhat surprising since they are considered as the main factors in 

determining stock prices. Compared to previous studies using GARCH-S models, Alshogeathri 

(2011) was able to find a significant positive effect of an increase in the money supply on the 

volatility of the Saudi stock market prices. However, neither Alshogeathri (2011) or Hasan and 

Zaman (2017) were able to find a significant effect of an increase in the interest rate on the 

volatility of the stock prices nor did Alshogeathri (2011) find a significant effect of an increase 

in the consumer price index (CPI) on the volatility of the stock price. 
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7. Conclusions 

The purpose of this study was to examine whether changes in macroeconomic factors had an 

effect on the volatility of the Swedish stock market. The importance of understanding the nature 

of volatility is that excessive volatility in stock prices may prevent the smooth functioning of 

financial markets and adversely affect the performance of the economy. Thus, there is a great 

need for an accurate volatility model. The believe that fluctuations in macroeconomic variables 

may affect the volatility of stock prices has arisen due to the macroeconomic factors’ ability to 

determine stock prices following the Efficient Market Hypothesis, the Dividend Discount 

Model and the Arbitrage Price Theory. Whether the inclusion of macroeconomic variables can 

enhance the modelling of volatility of financial time series has therefore been examined in a 

number of previous studies for which the results have been mixed due to the choice of country, 

macroeconomic variables and time period. 

 

Using monthly data this study examined the effect of changes in the following macroeconomic 

variables; the Swedish interest rate, the price of crude oil, the Swedish consumer price index 

(CPI), the total competitive weights (TCW) exchange rate index for the Swedish krona, the 

money supply M3, the price of the S&P 500 Index and the price of the Euro Stoxx 50 Index on 

the volatility of the Swedish stock market, proxied by the OMX Stockholm 30 Index. This was 

studied for the period January 2010 to December 2019 for which the results from the performed 

GARCH-S models showed that the inclusion of changes in macroeconomic variables can help 

explain the volatility of stock prices.  

 

The results from the performed GARCH-S models showed that changes in the macroeconomic 

variables; the price of crude oil, the value of the TCW index, the price of the S&P 500 Index 

and the price of the Euro Stoxx 50 Index all had significant effects on the volatility of the price 

of the OMX Stockholm 30 Index. These effects implied that an increase in the price of crude 

oil, the price of the S&P 500 Index and the price of the Euro Stoxx 50 Index decreased the 

volatility of the price of the OMX Stockholm 30 Index while an increase in the value of the 

TCW index increased the volatility of the price of the OMX Stockholm 30 Index. However, 

this study could not find any significant effects of changes in the Swedish interest rate, the 

Swedish consumer price index (CPI) or the money supply M3 on the volatility of the price of 

the OMX Stockholm 30 Index even though these variables are considered as important factors 

in determining stock prices. A reason for this could be that the period studied was too short to 
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find such effects or that the effects of these variables were not caught by using monthly data. 

Future studies may therefore examine these effects using longer time periods as well as higher 

frequency data such as daily data which was not available for this study.  

 

Another suggestion for further work would be to examine the effect of changes in these 

macroeconomic variables on the volatility of the price of the OMX Stockholm 30 Index by 

using a different measure of change. Since the measure of the change of the macroeconomic 

variables in this study only examined the effect of an increase in their prices or values, it would 

be interesting to examine the effects of a decrease in their prices or values. For example, due to 

the risk of negative effects on the country’s economy following international crises, it would 

be interesting to examine the effect of a decrease in the prices of international financial markets 

on the volatility of the Swedish stock market. For further understanding of the volatility of the 

Swedish stock market, the effects of changes in other macroeconomic factors such as the 

unemployment rate, GDP or the industrial production index may be examined as well.  
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9. Appendix 

Table 6: Variable definition 

 

Variable name 

 

 

Definition  

 

Source 

 

OMX 

 

 

The OMX Stockholm 30 Index 

monthly closing prices adjusted for 

both dividends and splits. 

 

Yahoo! Finance 

 

SP500 

  

 

The Standard & Poor’s 500 Index 

monthly closing prices adjusted for 

both dividends and splits. 

 

Yahoo! Finance 

 

ESTX50 

 

 

The Euro Stoxx 50 Index monthly 

closing prices adjusted for both 

dividends and splits. 

 

Yahoo! Finance 

 

Irate 

 

The monthly average of the Swedish 

central bank’s repo rate. 

 

The Swedish Riksbank 

 

Oilp 

 

The forward price of crude oil 

measured as the monthly closing 

prices of the futures contract Crude 

Oil Jul 20 (CL=F). 

 

Yahoo! Finance 

 

CPI 

 

The Swedish consumer price index 

measured in total numbers per month 

with the year 1980 as base year, 

1980=100. Used as proxy for inflation. 

 

SCB 

 

 

TCW 

 

 

The monthly average of the total 

competitive weights (TCW) exchange 

rate index for the Swedish krona.  

 

The Swedish Riksbank 

 

M3 

 

 

Money supply measured by the 

monetary measure M3. The value of 

M3 at the end of each month in 

millions of Swedish crowns. 

 

SCB 

 

Time 

 

2010m1-2019m12 
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Table 7: Lag-length for Augmented Dickey-Fuller test 

Selection-order criteria 

Sample: 2010m5 – 2019m4 Number of obs = 116 

lag LL LR df p FPE AIC HQIC SBIC 

0 -4683.52    1.1e+24 80.9055 80.9922 81.1191 

1 -3611.38 2144.3 81 0.000 4.2e+16 63.8169 64.6841* 65.9533* 

2 -3525.59 171.58 81 0.000 4.0e+16* 63.7343* 65.3821 67.7935 

3 -3460.84 129.5 81 0.001 5.6e+16 64.0144 66.4428 69.9964 

4 -3393.05 135.57* 81 0.000 7.9e+16 64.2423 67.4512 72.147 

Endogenous: OMX SP500 ESTX50 Irate Oilp CPI TCW M3 

Exogenus: _cons 

 

The number of lags to the Augmented Dickey-Fuller tests is decided to one lag according to the 

SBIC information criteria indicated by the star.  

 

 

Table 8-23: Augmented Dickey-Fuller test 

Table 8: 

Augmented Dickey-Fuller test of the variable OMX 

 

Augmented Dickey-Fuller test for unit root Number of obs = 118 

 

  Interpolated Dickey-Fuller  

 Test Statistic 1% Critical 

Value 

5% Critical 

Value 

10% Critical 

Value 

Z ( t ) -2.689 -4.034 -3.448 -3.148 

MacKinnon approximate p-value for Z ( t ) = 0.2447 
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Table 9: 

Augmented Dickey-Fuller test of the first difference of the variable OMX 

 

Augmented Dickey-Fuller test for unit root Number of obs = 117 

 

  Interpolated Dickey-Fuller  

 Test Statistic 1% Critical 

Value 

5% Critical 

Value 

10% Critical 

Value 

Z ( t ) -8.222 -4.034 -3.448 -3.148 

MacKinnon approximate p-value for Z ( t ) = 0.000 

 

Table 10: 

Augmented Dickey-Fuller test of the variable SP500 

 

Augmented Dickey-Fuller test for unit root Number of obs = 118 

 

  Interpolated Dickey-Fuller  

 Test Statistic 1% Critical 

Value 

5% Critical 

Value 

10% Critical 

Value 

Z ( t ) -2.817 -4.034 -3.448 -3.148 

MacKinnon approximate p-value for Z ( t ) = 0.1908 

 

Table 11: 

Augmented Dickey-Fuller test of the first difference of the variable SP500  

 

Augmented Dickey-Fuller test for unit root Number of obs = 117 

 

  Interpolated Dickey-Fuller  

 Test Statistic 1% Critical 

Value 

5% Critical 

Value 

10% Critical 

Value 

Z ( t ) -8.706 -4.034 -3.448 -3.148 

MacKinnon approximate p-value for Z ( t ) = 0.000 
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Table 12: 

Augmented Dickey-Fuller test of the variable ESTX50 

 

Augmented Dickey-Fuller test for unit root Number of obs = 118 

 

  Interpolated Dickey-Fuller  

 Test Statistic 1% Critical 

Value 

5% Critical 

Value 

10% Critical 

Value 

Z ( t ) -2.786 -4.034 -3.448 -3.148 

MacKinnon approximate p-value for Z ( t ) = 0.2021 

 

Table 13: 

Augmented Dickey-Fuller test of the first difference of the variable ESTX50  

 

Augmented Dickey-Fuller test for unit root Number of obs = 117 

 

  Interpolated Dickey-Fuller  

 Test Statistic 1% Critical 

Value 

5% Critical 

Value 

10% Critical 

Value 

Z ( t ) -8.753 -4.034 -3.448 -3.148 

MacKinnon approximate p-value for Z ( t ) = 0.000 

 

Table 14: 

Augmented Dickey-Fuller test of the variable Irate 

 

Augmented Dickey-Fuller test for unit root Number of obs = 118 

 

  Interpolated Dickey-Fuller  

 Test Statistic 1% Critical 

Value 

5% Critical 

Value 

10% Critical 

Value 

Z ( t ) -2.240 -4.034 -3.448 -3.148 

MacKinnon approximate p-value for Z ( t ) = 0.4674 
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Table 15: 

Augmented Dickey-Fuller test of the first difference of the variable Irate  

 

Augmented Dickey-Fuller test for unit root Number of obs = 117 

 

  Interpolated Dickey-Fuller  

 Test Statistic 1% Critical 

Value 

5% Critical 

Value 

10% Critical 

Value 

Z ( t ) -4.483 -4.034 -3.448 -3.148 

MacKinnon approximate p-value for Z ( t ) = 0.016 

 

Table 16: 

Augmented Dickey-Fuller test of the variable Oilp 

 

Augmented Dickey-Fuller test for unit root Number of obs = 118 

 

  Interpolated Dickey-Fuller  

 Test Statistic 1% Critical 

Value 

5% Critical 

Value 

10% Critical 

Value 

Z ( t ) -2.385 -4.034 -3.448 -3.148 

MacKinnon approximate p-value for Z ( t ) = 0.4095 

 

Table 17: 

Augmented Dickey-Fuller test of the first difference of the variable Oilp  

 

Augmented Dickey-Fuller test for unit root Number of obs = 117 

 

  Interpolated Dickey-Fuller  

 Test Statistic 1% Critical 

Value 

5% Critical 

Value 

10% Critical 

Value 

Z ( t ) -7.287 -4.034 -3.448 -3.148 

MacKinnon approximate p-value for Z ( t ) = 0.000 
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Table 18: 

Augmented Dickey-Fuller test of the variable CPI 

 

Augmented Dickey-Fuller test for unit root Number of obs = 118 

 

  Interpolated Dickey-Fuller  

 Test Statistic 1% Critical 

Value 

5% Critical 

Value 

10% Critical 

Value 

Z ( t ) -0.703 -4.034 -3.448 -3.148 

MacKinnon approximate p-value for Z ( t ) = 0.9730 

 

Table 19: 

Augmented Dickey-Fuller test of the first difference of the variable CPI  

 

Augmented Dickey-Fuller test for unit root Number of obs = 117 

 

  Interpolated Dickey-Fuller  

 Test Statistic 1% Critical 

Value 

5% Critical 

Value 

10% Critical 

Value 

Z ( t ) -9.046 -4.034 -3.448 -3.148 

MacKinnon approximate p-value for Z ( t ) = 0.000 

 

Table 20: 

Augmented Dickey-Fuller test of the variable TCW 

 

Augmented Dickey-Fuller test for unit root Number of obs = 118 

 

  Interpolated Dickey-Fuller  

 Test Statistic 1% Critical 

Value 

5% Critical 

Value 

10% Critical 

Value 

Z ( t ) -2.992 -4.034 -3.448 -3.148 

MacKinnon approximate p-value for Z ( t ) = 0.1344 
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Table 21: 

Augmented Dickey-Fuller test of the first difference of the variable TCW  

 

Augmented Dickey-Fuller test for unit root Number of obs = 117 

 

  Interpolated Dickey-Fuller  

 Test Statistic 1% Critical 

Value 

5% Critical 

Value 

10% Critical 

Value 

Z ( t ) -8.783 -4.034 -3.448 -3.148 

MacKinnon approximate p-value for Z ( t ) = 0.000 

 

Table 22: 

Augmented Dickey-Fuller test of the variable M3 

 

Augmented Dickey-Fuller test for unit root Number of obs = 118 

 

  Interpolated Dickey-Fuller  

 Test Statistic 1% Critical 

Value 

5% Critical 

Value 

10% Critical 

Value 

Z ( t ) -1.458 -4.034 -3.448 -3.148 

MacKinnon approximate p-value for Z ( t ) = 0.8430 

 

Table 23: 

Augmented Dickey-Fuller test of the first difference of the variable M3  

 

Augmented Dickey-Fuller test for unit root Number of obs = 117 

 

  Interpolated Dickey-Fuller  

 Test Statistic 1% Critical 

Value 

5% Critical 

Value 

10% Critical 

Value 

Z ( t ) -10.993 -4.034 -3.448 -3.148 

MacKinnon approximate p-value for Z ( t ) = 0.000 
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The Augmented Dickey-Fuller tests test stationarity and the order of integration by the null 

hypothesis of non-stationarity against the alternative hypothesis of stationarity. The null 

hypothesis is rejected if the absolute value of the test statistic is higher than the critical value as 

well as for low p-values. The null hypothesis cannot be rejected for these variables in level 

which indicates on non-stationarity. The null hypothesis can however be rejected for the first 

differences of the variables which indicates on stationarity. Hence, the variables included in the 

study are integrated of order one, I(1). The number of lags in these Augmented Dickey-Fuller 

tests were decided to one lag according to the SBIC information criteria (see appendix table 3). 
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Table 24: Results GARCH-S (1,1) models 

Coefficients Model 1 Model 2 Model 3 Model 4 Model 5 

 6.669733 

(0.000) 

6.004685 

(0.000) 

6.461743 

(0.000) 

5.822365 

(0.000) 

6.435065 

(0.000) 

 .1175032 

(0.327) 

.19826 

(0.065) 

.2267235 

(0.108) 

.1242438 

(0.224) 

.268534 

(0.061) 

 .4322774 

(0.000) 

.4183261 

(0.000) 

.54896 

(0.027) 

.6534068 

(0.000) 

.5187524 

(0.007) 

 +  .54978 .61659 .77568 .77765 .78729 

𝜆∆𝑆𝑃500 -.0163779 

(0.000) 

    

𝜆∆𝐸𝑆𝑇𝑋50  -.0119257 

(0.000) 

   

𝜆∆𝐼𝑟𝑎𝑡𝑒   1.197012 

(0.787) 

  

𝜆∆𝑂𝑖𝑙𝑝    -.171889 

(0.010) 

 

𝜆∆𝐶𝑃𝐼     -.3584833 

(0.286) 

 

Coefficients Model 6 Model 7 

 5.148939 

(0.000) 

6.420816 

(0.000) 

 .136949 

(0.086) 

.2308343 

(0.089) 

 .71566 

(0.000) 

.5495199 

(0.022) 

 +  .85261 .78035 

𝜆∆𝑇𝐶𝑊 .8596896 

(0.030) 

 

𝜆∆𝑀3  1.77e-06 

(0.907) 

 

The GARCH-S (1,1) estimates seven models to examine the effect of the change of each 

macroeconomic variable on the volatility of the OMX Stockholm 30 Index. The constant term 

 is the mean of yesterday’s forecast,  is the ARCH effect and  is the GARCH effect. The 

effect of the change of the macroeconomic variables are given by the value of  for each 

respective variable. The effect of the change of the macroeconomic variables on the volatility 
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of the OMX Stockholm 30 Index is significant for the models 1, 2, 4 and 6 which is indicated 

by their p-values.  


