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ABSTRACT

One of the important research topics is the potential impact of changes in oil supply and demand on current and future price movements or financial 
market instruments. Especially in developing countries such as Russia, which is an oil and natural gas exporter, sanctions on oil exports affect the 
country on a macroscale and businesses on a microscale. In this context, the aim of the aforementioned study is to examine the causality relationship 
between Brent oil price, which is an important input for the chemistry and transportation sectors, and the Moscow Stock Exchange MOEX Chemicals, 
MOEX Transport, and MOEX Financials indices using Breitung and Candelon frequency causality analysis. For this purpose, monthly data for the 
period January 2015-December 2022 were analysed first with traditional Granger causality analysis, Toda and Yamamoto causality analysis, and finally 
with Breitung and Candelon frequency causality analysis. Traditional Granger causality analysis (Toda and Yamamoto causality analysis) revealed 
a bidirectional causality relationship between Brent Petrol and the MOEX Chemistry and MOEX Finance Indices. However, there is no causality 
between Brent Petroleum and MOEX Transport. As a result of the Breitung and Candelon frequency causality analysis, causality has been determined 
from oil prices to stock prices in the chemical sectors, both in the short term, in the medium term, and in the long term. Only short-term causality has 
been found between Brent oil prices and stock prices in the financial and transportation sectors.

Keywords: Oil Prices, Russia Exchange Indices, Frequency Causality, Stock Market 
JEL Classifications: B26, C58, G14, G15, O16

1. INTRODUCTION

Energy is the most basic requirement of any economy’s modern 
economic cycle, because it is a vital input in key economic sectors 
and also critical in ensuring national security and the stability 
of economic policies (Ma et al., 2021). Oil is estimated to be 
the most common energy source, accounting for about 1/3 of 
total energy consumption. Oil is not only the most widely used 
energy material but also a unique natural resource that confers 
political and economic power to countries with rich oil reserves 
(Bashir et al., 2020). According to the International Agency for 
Energy, as a result of developing economies’ economic policies, 
demand for fossil fuels will rise by 30% by 2040, with daily 
oil consumption reaching 103.5 million barrels. As a result, 

crude oil has become the most traded commodity, but it has a 
huge impact on emerging and industrial economies, as sudden 
changes in oil prices affect not only economic policies but also 
the stock markets. Shocks have a significant impact on financial 
markets (Bashir, 2021). In recent years, crude oil prices have 
fluctuated significantly, which affects the operational costs of 
companies and thus their sales. As a matter of fact, the price 
of Brent crude oil, which is one of the criteria of the global 
crude oil pricing system, has been showing instability since the 
twenty-first century. From 2000 to 2008, crude oil prices rose 
from $73 to $132.3 at most and fell sharply to $39.95 after the 
mortgage credit crisis. When the world economy came out of 
the crisis, crude oil prices rose above $100 in 2011. However, it 
fell to its lowest point in history in 2016, with 26.68. Brent oil 
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fell sharply during the COVID period, falling as low as $ 19.33. 
The dollar, which rose to the level of 127 dollars in 2022, is 
currently (January, 2023) at around 87 dollars. As a result, this 
change in oil prices affects asset prices and increases volatility, 
which directly affects financial markets. Today, more and more 
individuals and institutions see crude oil as a financial tool for the 
protection and increase of values that increase the volatility in the 
oil price and thus increase the volatility of the country’s economy, 
especially in the stock market (Shahzad et al., 2021). In this 
context, investigating the relationship between stock markets, 
oil prices, and spillover effects is important as it allows investors 
to hedge their portfolio risks from sudden market changes. Less 
research has been done on the relationship between financial 
markets and oil price changes. (Arouri et al., 2011; Hamao, 
1988; Jones and Kaul, 1996; Papapetrou, 2001; Park, 2007; 
Sadorsky, 1999; Scholtens and Wang, 2008). When these studies 
are examined, they basically differ in terms of methodology, 
data period, and stock market. A common approach in the asset 
pricing literature is to use a standardised market model enriched 
with the oil price and some other factors to measure the impact 
of oil price or volatility shocks on stock markets. It is tested by 
Chen and Millero (1986) whether shocks in macroeconomic 
variables are risks valued by the stock market. They concluded 
that the difference between long- and short-term interest rates, 
expected and unexpected inflation, industrial production, and 
the difference between high- and low-grade bonds explain the 
variation in stock prices. However, they determined that oil prices 
did not have a significant effect on the stock market. Huang et al. 
(1996) examined the efficiency of oil futures and stock markets, 
that is, the extent to which price changes or returns in one market 
lead to returns in another. As a result, they concluded that there is 
almost no correlation between the returns on oil futures and the 
returns of various stock indices. On the other hand, Ciner (2011) 
provides evidence that oil shocks affect stock index returns, and 
this link strengthened in the 1990s. Sadorsky (1999) examined 
the dynamic interaction between the oil price and other economic 
variables, including stock returns, with US data. He found that oil 
price changes and oil price volatility have a significantly negative 
effect on real stock returns. Bastianin et al. (2016) found that oil 
price changes not only affect costs but also have indirect effects 
on business cycles and stock market volatility.

In this context, this study researches the relationship between 
Brent oil prices and Moscow Stock Exchange MOEX Chemicals, 
MOEX Transport, and MOEX Financials indices for the period 
January 2015-December 2022, and the contribution of the study to 
the literature is as follows: The fact that the econometric methods 
used are up-to-date, the results are compared using three methods, 
and there is a limited number of studies in this field in the Russian 
Federation.

2. LITERATURE REVIEW

In the literature, there are many international studies examining 
the relationship between stock market value and oil prices both on 
a sectoral basis and on a national index basis. Since the methods 
and periods used to reveal the relationship between the variables 
in the studies differed, a clear and common decision could not be 

reached. It is possible to summarise some of the literature sources 
selected from the studies published on this subject as follows:

Unlike their study, Hamao (1988) did not find oil prices to be the 
most important international factor affecting Japanese stock market 
returns. However, in their study, they found that oil prices have 
less impact on Japanese stock market returns than trading volume.

El-Sharif et al. (2005) examined the relationship between oil 
prices and the stock returns of oil and gas companies traded in 
the UK capital market for the period from January 01, 1989 to 
June 30, 2001. According to the findings they obtained in their 
studies, they found a direct correlation between the stock returns 
of these companies and their oil prices. In other words, they found 
that the positive change in oil prices positively affected the stock 
returns of this sector.

Cong et al. (2008) analysed the relationship between oil price 
shocks and the Chinese stock market using the multivariate 
VAR method with monthly data for the period 1996:1-2007:12. 
According to the findings they obtained from the study, they 
determined that international oil price shocks were not very 
effective on the Chinese stock market indices, but both the world 
oil price shock and the Chinese oil price shock were more effective 
on the production index than the interest rates.

According to Filis et al. (2011), oil prices have a negative effect on 
the stock markets of both oil-importing and oil-exporting countries.

Şener et al. (2013) examined the relationship between oil prices 
and the closing prices of Borsa Istanbul using daily data for the 
period 2002-2012, with the help of Granger and Yoon (2002) 
and Hatemi-J and Irandoust (2012) hidden cointegration tests. In 
the light of the findings obtained as a result of the analyses in the 
study, it has been shown that the increase or decrease in oil prices 
will be effective in the formation of stock prices. Abdioğlu and 
Değirmenci (2014) examined the long- and short-term relationship 
between the stock prices of the sub-sectors of Borsa Istanbul and 
the oil price on a sub-sector basis with the daily parent Granger 
causality test for the 2005-2013 period. According to the findings 
obtained from the study, they determined a one-way causal 
relationship from sub-sector stock prices to oil prices.

Güler and Nalın (2013) tried to determine the relationship 
between oil prices and the ISE 100, ISE Industrial, and ISE 
Chemical, Petroleum, and Plastic indices with weekly data for 
the period February 03, 1997-November 30, 2012 using Granger 
cointegration analysis and the Granger causality test. According 
to the findings obtained from the study, it was determined that 
the series of these variables were in a long-term relationship, but 
there was no causal relationship between them in the short term.

Özmerdivanlı (2014) examined the relationship between oil prices 
and investment instruments traded in financial markets (BIST100 
index closing prices) by using daily data for the period 2003:01-
2014:02 and using Granger cointegration and Granger causality 
tests. In the study, according to the findings obtained from the 
Granger cointegration analysis, oil prices and the closing prices 
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of the BIST 100 index are in an equilibrium relationship in the 
long run, while according to the Granger causality test findings, 
there is a one-way causal relationship from the closing prices of 
the BIST 100 index to the oil prices.

According to Yıldırım et al. (2014), they examined the 
relationship between international crude oil and natural gas 
prices and the stock prices of industrial sector companies using 
monthly data for the period 1991:01-2013:11 with the help of 
Johansen cointegration and the Granger causality test. In the 
study, according to the findings obtained from the Johansen 
cointegration analysis, they found that there is a long-term 
relationship between the international crude oil and natural gas 
price indices and the Borsa Istanbul industrial index. According to 
the Granger causality test findings, they found a one-way causality 
relationship from the oil price index to the industrial index, and 
a one-way causality relationship from the industrial index to the 
natural gas price index.

Kendirli and Çankaya (2016) investigated the relationship between 
crude oil prices and the BIST 100 and BIST Transportation Index 
(XULAS). They looked at the crude oil barrel price from January 
01, 2000 to April 30, 2015, as well as the daily closing data of the 
BIST 100 and XULAS variables. The causal relationship between 
them was examined using According to the findings, a one-way 
causality relationship was found from BIST 100 to other variables, 
while a one-way causality relationship was found from XULAS 
to crude oil barrel prices.

Zortuk and Bayrak (2016) examined the relationship between 
crude oil price shocks and stock market prices in G-7 countries 
using monthly data for the period 2002:04-2014:08 using an 
autoregressive distributed lag cointegration test. According to the 
findings of their study, they found that oil prices and stock prices 
were cointegrated and that the adjustment process for long-term 
equilibrium was asymmetrical.

Eyüboğlu and Eyüboğlu (2016) used the Johansen cointegration 
test with monthly data for the period 2005:10-2015:09 in order 
to investigate whether there is a long-term relationship between 
oil and natural gas prices and Borsa Istanbul industrial sector 
indices. According to the findings obtained from the study, 
they found that there is a long-term equilibrium relationship 
between natural gas and oil prices and industrial sector indices. 
According to the Granger causality test results, they found a 
one-way causal relationship from oil prices to the relevant 
index.

Kang et al. (2017) found that oil price shocks on the stock returns 
of oil and gas companies have a negative effect on stock returns.

Yun and Yoon (2019) investigated the effect of crude oil prices 
on the stock prices of the airline industries by taking four airlines 
(Korean, Asiana, Air China, and China Eastern Airlines) as 
examples. The study concluded that the volatility spillover effect 
is more severe than the yield spillover effect. In addition, the 
study concluded that the impact of the oil price shock was more 
significant for small airlines than for large airlines.

Kelikume and Muritala (2019) applied a dynamic panel analysis 
technique using quarterly data from 2010:1 to 2018:4 in their 
study examining the effect of oil prices on African stock markets. 
According to the analysis’s findings, oil prices have a negative 
impact on stock markets in Africa.

Anyalechi et al. (2019) analysed the response of stock returns 
on the Nigerian Stock Exchange for the period 1994-2016 to 
fluctuations in oil prices. According to the cointegration test 
results, changes in oil prices cause a positive but insignificant 
effect on stock returns in both the long and short run. In addition, 
the result of the Bounds Test showed that there was no long-term 
relationship between oil prices and stock market returns in the 
analysed period.

Golder et al. (2020) used the Johansen Cointegration Test, the 
Vector Error Correction Model, and the Granger Causality 
Test in their study investigating the effects of foreign exchange 
reserves, exchange rates, and crude oil prices on the stock 
index of the Dhaka Stock Exchange. According to the analysis 
findings, no causal link was found between Dhaka Stock 
Exchange indices and crude oil prices, and it was determined 
that all macroeconomic factors selected according to the Impact-
Response function had a long-term permanent effect on the 
Dhaka Stock Exchange index.

Nguyen et al. (2020) used daily data from August 01, 2000, 
to October 25, 2019 in their study investigating the effect of 
oil prices and exchange rates on two Vietnamese stock market 
indices, the VN index and the HXN, and found that oil prices 
had a significant positive effect on two Vietnamese stock market 
indices. In terms of stock index volatility, it has been determined 
that both VN index and HNX index volatility are negatively 
affected by oil returns.

Ajala et al. (2021), in their study investigating the effects of oil 
prices on stock prices and exchange rates in Nigeria, used the 
NARDL model and revealed that changes in oil prices affect 
exchange rates and stock prices asymmetrically.

Alamgir and Amin (2021), in their study, examined the relationship 
between the stock market indices of 4 South Asian countries and 
oil prices for the period 1997-2018 with the NARDL model, and 
according to the analysis findings, there is a positive relationship 
between the oil price and the stock market index. In addition, 
the reaction of the stock market index to positive and negative 
oil price shocks has an asymmetrical nature. In the study, it was 
determined that the Efficient Market Hypothesis is not valid for 
South Asian countries.

Asaad (2021), in his study, analysed the relationship between oil 
price, gold price, exchange rate, and Iraqi Stock Exchange stock 
prices. In his study, which used the ARDL cointegration test 
and Granger causality test, it was determined that there was no 
cointegration between the variables in the pre-Covid-19 period, 
and the effects of oil price, gold price, and exchange rate on Iraqi 
Stock Exchange stocks were insignificant according to the results 
of the short-term model.
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Das (2021) discovered that shocks in developed markets had 
a spillover effect in the Indian market in his study in which he 
investigated the relationship between stock returns, exchange rates, 
and crude oil prices in the Indian Stock Exchange between 1999 
and 2021 using wavelet analysis technique.

On the other hand, Endri et al. (2021), in their study aiming to 
determine the economic variables that affect the stock returns 
of the mining sector companies traded in the Indonesian Stock 
Exchange, determined that oil prices have a positive and significant 
effect on the stock returns.

According to Fasanya et al. (2021), ARDL and NARDL models 
were used in their study in which they analysed the relationship 
between oil prices and stock returns in the Gulf Cooperation 
Council countries, using the weekly data set between 1992 and 
2016. They discovered that the risks are highly dependent on the 
oil price specification.

Jawadi and Sellami (2021), in their study examining the impact of 
the change in oil prices on the stock market, exchange rate, and real 
estate market in the USA in the last 10 years, found that oil prices 
had significant effects on the US stock market and the US dollar 
rate during the COVID-19 period, but had no significant effect 
on the US real estate market. In the study, it was also determined 
that the stock market gave a positive and significant reaction to 
an oil price shock, which can be explained by the effect of high 
oil financialization in the last decade.

In his study, Nwosa (2021) examined the impact of the COVID-19 
pandemic on the oil price, exchange rate, and stock market 
performance in Nigeria from December 01, 2019, to May 31, 2020. 
In the study, it was determined that COVID-19 had negative effects 
on oil price, exchange rate, and stock market performance, and it 
was concluded that these negative effects were more effective than 
those of the 2009 and 2016 global recessions. He also determined 
that oil prices have a high effect on the exchange rate and stock 
market performance.

Shi and Kong (2021), in their study examining the impact 
of international crude oil prices on energy stock prices in 
China during the COVID-19 epidemic, found that COVID-19 
significantly strengthened the correlation between the variables 
and the volatility between oil price returns and energy stock returns 
has been found to have a spreading effect.

Hashmi et al. (2022) determined that the effect of Brent crude oil 
prices on the Chinese stock market is generally positive.

Ahmed and Mohammad (2022), in their study, compared and 
analysed the relationship between daily returns on the Pakistan 
Stock Exchange and oil prices for the period before and after 
COVID-19. In the study, VAR analysis and the Granger Causality 
Test were applied, and according to the analysis findings, oil 
shocks are inversely proportional to daily firm stock returns, 
and the adverse effect increases even more during the epidemic 
period. In addition, it has been determined that stock prices have 
no effect on oil prices.

Katsampoxakis et al. (2022) applied the VAR model and the 
Granger Causality Test in their study, in which they examined 
the interrelationships between crude oil prices and stock returns 
in oil-importing and oil-exporting European countries during 
the COVID-19 period. According to the findings of the analysis, 
there is no interdependence between crude oil and stock prices in 
the stable periods before the COVID-19 epidemic and after the 
announcement of the vaccines, while the causality from stock 
markets to oil prices increases during periods of high volatility, and 
these developments show that both countries are equally affected 
by these developments was found to be affected.

According to Atif et al. (2022), they analysed stock returns and 
oil price changes for oil exporting and importing countries with 
the help of Granger causality, action-response, and variance 
decomposition tests. The results of the causality test showed that 
after the decline in oil prices due to the COVID-19 pandemic, the 
interdependence between oil and stock price changes increased, 
and the causality from oil to stocks accelerated, especially during 
the rapid outbreak of the COVID-19 pandemic. In addition, it has 
been determined that the changes in oil prices have a greater effect 
on oil-exporting countries.

Tien (2022), in his research examining the asymmetrical relations 
between global oil prices and selected Vietnamese macroeconomic 
indicators, determined that there is a strong relationship between 
the macroeconomic factors examined and the changes in oil 
prices. In addition, according to the analysis findings, it has been 
determined that oil prices have a positive effect on the exchange 
rate, inflation, GDP, and stock market prices.

According to Karaoğlan et al. (2022), they examined the causality 
relationship between the oil price and the stock price of the Borsa 
Istanbul Industry Index for the January 1991-May 2020 period 
with the frequency causality analysis of Breitung and Candelon 
(2006). According to Breitung and Candelon’s frequency causality 
analysis findings, they concluded that there is causality from oil 
prices to stock prices in both the short- and medium-term and long-
term, and from stock prices to oil prices, there is only causality 
in the short-term.

In the study of Kaya and Güneş (2022), the short-term causality 
relationship between Brent oil prices and the BIST-100, BIST 
Chemical, BIST Industrial, and BISTUization indices was 
analysed by the Granger causality test. According to the findings 
obtained from the DCCGARCH model, while no correlation was 
found between Brent oil and other variables, it was concluded 
that there was a positive correlation between the BIST-100, BIST-
Chemistry, BIST-Sinai, and BIST Transportation indices.

The article by Suleymanli et al. (2022) offers some insightful new 
information about the link between shifting gasoline prices and the 
demand for fuel in Turkey. According to their results, shifts in the 
value of one currency compared to another as well as changes in 
the price of petrol have a considerable influence on overall fuel use. 
In addition, the research reveals a favourable correlation between 
expenditures related to automobile sales and rental charges and 
the prices of gasoline.
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According to the findings of Humbatova et al. (2020), there are 
positive correlations between the Gross Domestic Product, the 
Consumption of Electric Energy, and the Growth of the GDP 
in Various Sectors of the Economy in Azerbaijan. These results 
lead to a better understanding of the interplay between economic 
development and energy consumption in the nation as a whole as 
a whole. The authors make the suggestion that it is important to 
save electric energy as a piece of advice, most likely in account 
of the positive link that exists between the use of electric energy 
and the expansion of GDP.

Ahmadov and Memmedova (2016) conducted research on the 
significance of commitments and found that maintaining a high 
level of commitment is essential.

In her research, Sarkhanov (2022) demonstrates the significant 
impact that changes in oil prices have on the Azerbaijani economy. 
She places particular emphasis on the correlation that exists 
between shifts in oil prices and fundamental economic metrics 
such as GDP and oil output.

3. DATASET AND METHODOLOGY

In this study, the causal relationship between oil prices (BOIL) 
and the Moscow Stock Exchange MOEX Chemicals, MOEX 
Transport, and MOEX Financials return indices was tested with 
frequency causality analysis. The oil price data used in the study 
and the Moscow Stock Exchange MOEX Chemicals, MOEX 
Transport, and MOEX Financials indices return were taken 
from the Investing.com database (https://tr.investing.com/), and 
the analysis period is monthly data between January 2015 and 
December 2022.

The ADF unit root test was used for the stationarity analysis in the 
study, and Granger causality and Toda and Yamamoto causality 
tests were used to show that the causality test used in the study 
is a stronger test. Frequency effect causality analysis explains 
the causal relationships between short, medium, and long-term 
variables. In this regard, it has departed from traditional causality 
analysis. In this study, a methodology based on the work of 
Breitung and Candelon (2001 and 2006) is used. In frequency 
causality analysis, between 0.01 and 0.005 indicates short-term 
causality, between 1.00 and 1.50 indicates medium-term causality, 
and 2.00-2500 indicates long-term causality (Bayat et al., 2015. 
p. 22).

3.1. Stability Tests
One of the most important characteristics of time series data is 
stationarity. With a non-stationary series, it is feasible to draw a 
“false regression” from the study. The link between these variables 
does not, however, always result in spurious regression when there 
are non-stationary data. The results of the regression analysis will 
reveal the long-run equilibrium relationships between the variables 
if they are cointegrated in their level form.

Several techniques can be used to determine whether the variables 
satisfy the stationarity criteria. Unit root testing is one method 
for evaluating the stationarity of variables. It is demonstrably 

not stationary if a unit root exists. The Extended Dickey Fuller 
Unit Root Test, which can be downloaded from the Dickey and 
Fuller Test (1979), was employed in this investigation. The 
conventional Dickey and Fuller (1981) test can be used to run the 
following three equations:

∆yt = b1 * yt–1 + t

∆yt = b0 + b1 * yt–1 + t

∆yt = b0 + b1 * yt–1 + b2 * Trend + t

Her üç testte de hipotez aşağıdaki gibidir:
H0: b1 = 0 The variable has a unit root, the variable is not static.
H1: b1 < 0 The variable has no unit root, the variable is static.

3.2. Granger Causality Test
The reliance of one variable on other variables is the subject of 
study in regression analysis. This does not necessarily imply that 
there is a causal relationship between these variables, though. In 
other words, the presence of a relationship between the variables 
does not show causality or the direction of the effect (Gujarati, 
2013.p. 652).

The following regression systems must be estimated for the 
Granger causality test (1969):

1
0

1 1

- -
m m

i i

Yt iYt iXt tα β α ε
= =

= + + +∑ ∑₁

1
0

1 1

- -
m m

i i

Xt iYt iXt tα γ δ ε
= =

= + + +∑ ∑₁

3.3. Toda and Yamamoto Test
The Granger Causality Test uses these models to show not only 
the importance of the relationship between variables, but also the 
direction of this relationship. The Toda and Yamamoto causality 
test, which is regarded as an extension of the Granger causality test 
created by Toda and Yamamoto (1995), is one of the techniques 
used to determine the causation link between time series. When the 
traditional Granger causality test cannot be employed, the Toda and 
Yamamoto causality test can be used effectively. This is especially 
true when analysing variables that do not have stationarity at level 
values in terms of causal links. Information about the variables 
used in the analysis is given in Table 1.

4. EMPIRICAL ANALYSIS AND RESULTS

The Granger Causality Test uses these models to show not only 
the importance of the relationship between variables, but also the 
direction of this relationship. The Toda and Yamamoto causality 
test, which is regarded as an extension of the Granger causality test 
created by Toda and Yamamoto (1995), is one of the techniques 
used to determine the causation link between time series. When the 
traditional Granger causality test cannot be employed, the Toda and 
Yamamoto causality test can be used effectively. This is especially 
true when analysing variables that do not have stationarity at level 
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values in terms of causal links.

4.1. ADF Unit Root Test Results
Table 2 presents the Augmented Dickey-Fuller unit root test for 
stationarity. The results revealed that BRENTOIL, MOEXCH, 
and MOEXTN all have a unit root at level; however, after the 
first difference, the series becomes stationary at the second 
difference. As a result, BRENTOIL, MOEXCH, and MOEXTN 
were integrated from the start. MOEXFN was integrated in order 
zero, which explains why it is stationary at its original series (I[0]).

4.2. Unit Circle Position of the Inverse Roots of the AR 
Characteristic Polynomial
The graph in Figure 1 depicts the stability of the vector autoregressive 
model since the roots are within the unit circle. According to 
Lütkepohl (1991), if all roots have a modulus less than one and lie 
within the unit circle, the result is stable and good for prediction.

4.3. LM-Autocorrelation Test
Table 3 presents the LM autocorrelation. This test intends to show 
if there is an autocorrelation in the model. The test was set at lag 12. 
The results showed that there was no autocorrelation problem in the 
analysis; hence, the results were free of autocorrelation problems.

4.4. Granger Causality Analysis
Table 4 shows the Granger causality test set at lag seven. The result 
shows that BRENTOIL and MOEXCH have predictive inherent 
power among themselves. This demonstrates that BRENTOIL cause 
MOEXCH, and MOEXCH cause BRENTOIL at a 10% significant 
level (P = 0.088 and −0.0387). Hence, at a 10% significant level, 
BRENTOIL and MOEXCH have a bi-causality effect. Furthermore, 
BRENTOIL and MOEXFN also have a bi-causality effect (P = 0.036 
and 0.056, respectively), with the direction of causality running 
from BRENTOIL to MOEXFN and vice versa. BRENTOIL and 
MOEXTN, on the other hand, do not cause each other (P = 0.132 
and −0.828, respectively). This demonstrates that BRENTOIL does 
not cause MOEXTN and vice versa.

4.5. Toda and Yamamoto (1995) Causality Analysis 
Results

Table 5 shows the Toda Yamamoto causality test, which displays 
the short-run causes and effects of BRENTOIL on MOEXCH, 
MOEXFN, and MOEXTN. The result showed that BRENTOIL 
and MOEXCH have a causal effect among themselves at a 5% 
and 10% significant level, respectively (P = 0.027 and −0.070). 
Furthermore, BRENTOIL and MOEXFN have a bi-causality effect 
(P = 0.042 and 0.025, respectively), indicating that both indicators 

Table 2: ADF unit root test results
Variable Constant I (0) Constant i I (1)
BRENTOIL −1.54715 (0.505) −8.8847 (0.000)***
MOEXCH −0.8765 (0.792) −3.0256 (0.036) **
MOEXFN −3.0016 (0.038)** −4.9207 (0.000) ***
MOEXTN −1.262 (0.644) −9.015 (0.000)***
*,**, and *** implies 10%, 5% and 1% significance level, where: BRENT is Brent oil 
price

Table 3: LM-autocorrelation test
Lags LM-Stat Prob

1 6.770477 0.1485
2 1.549627 0.8178
3 0.932325 0.9199
4 5.739601 0.2195
5 1.361670 0.8508
6 0.671103 0.9548
7 2.387882 0.6648
8 2.882935 0.5776
9 5.758862 0.2179
10 3.659660 0.4540
11 5.311604 0.2568
12 2.441564 0.6551

Probs from Chi-square with 4 df

Table 4: Granger causality analysis
Hypothesis Chi-sq Probability
BRENTOIL→MOEXCH 1.859 0.0883*
MOEXCH→BRENTOIL 2.256 0.0387**
BRENTOIL→MOEXFN 2.288 0.036**
MOEXFN→BRENTOIL 2.079 0.056*
BRENTOIL→MOEXTN 1.659 0.132
MOEXFN→MOEXTN 0.504 0.828
*,**, and *** implies 10%, 5% and 1% significance level, where: BRENT is Brent Oil 
Price

Table 5: Toda and Yamamoto (1995) causality analysis 
results
Hypothesis Chi-sq Probability
BRENTOIL→MOEXCH 15.7903 0.027**
MOEXCH→BRENTOIL 13.016 0.070*
BRENTOIL→MOEXFN 14.556 0.042**
MOEXFN→BRENTOIL 16.016 0.025**
BRENTOIL→MOEXTN 3.531 0.8319
MOEXFN→MOEXTN 11.607 0.113
*,**, and *** implies 10%, 5% and 1% significance level, where: BRENT is Brent Oil 
Price

Table 1: Dataset information
Variable Description
BRENTOIL Brent Oil
MOEXCH MOEX Chemicals-Index Moscow
MOEXFN MOEX Financials-Index Moscow
MOEXTN MOEX Transport-Index Moscow

Figure 1: Unit Circle Position of the Inverse Roots of the AR 
Characteristic Polynomial
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have a 5% significant feedback effect. Finally, at the 1%, 5%, 
and 10% significant levels (P = 0.832 and 0.113, respectively), 
BRENTOIL and MOEXFN do not cause one another. This 
demonstrates that BRENTOIL and MOEXTN have no directional 
feedback effect.

4.6. Breitung and Candelon (2006) Frequency 
Causality Results
Table 6 presents the Breitung and Candelon (2006) frequency 
and causality results. The result observed was that the frequency 
domain approach gives much better information on the strengths 
and directions of causalities between the indicators of BRENTOIL 
and MOEXCH, MOEXFN, and MOEXTN, respectively. 
According to frequency domain test results, BRENTOIL has a 
significant causal effect on MOEXCH in the short and long term. 
This is also similar to the results of BRENTOIL and MOEXFN, 
which also display a causal effect between BRENTOIL and 
MOEXFN in the short term. Lastly, BRENTOIL also has a 
significant causal effect on MOEXTN, albeit at a short-term level.

4.7. Frequency Domain Causality
Figure 2, which corresponds to the hypothesis that the brentoil 
does not cause the MOEXCH at frequency w, revealed that the 
graph revealed that the brentoil caused the MOEXFN at frequency 
0:5. This was consistent with the Granger causality test in the time 
domain, which revealed that the brentoil caused the MOEXCH. 
On the other hand, it can be seen that the MOEXCH also causes 
the BRENTOIL only at non-seasonal frequencies.

Similar to Figures 2 and 3 also presents the Granger causality 
test at lag seven, which corresponds to the hypothesis that the 
BRENTOIL does not cause the MOEXFN at frequency w. It can 
be seen that the BRENTOIL causes the MOEXFN at frequency 
0:5. This is also similar to the Granger causality test in the time 
domain, which states that the BRENTOIL causes the MOEXFN. 
At 0.5%, however, it is clear that the MOEXFN does not cause 
the BRENTOIL.

Figure 4 presents the graph that is corroborated by the hypothesis 
that the BRENTOIL does not cause the MOEXTN at frequency 

Figure 2:  MOEXCH and BRENT OIL OMEGA test

Table 6: Breitung and Candelon (2006) frequency causality results
Variables Short term Medium term Long term
ωi 0.01 0.05 1.00 1.50 2.00 2.50
BRENTOIL→MOEXCH 0.0844* 0.5714 0.374 0.8071 0.1951 0.0097**
MOEXCH→BRENTOIL 0.0779* 0.2185 0.6819 0.0348** 0.0375** 0.2039
BRENTOIL→MOEXFN 0.0357** 0.0625* 0.709 0.866 0.7985 0.4090
MOEXFN→BRENTOIL 0.1440 0.8661 0.7809 0.025** 0.004*** 0.0189**
BRENTOIL→MOEXTN 0.0006*** 0.006*** 0.0912* 0.578 0.673 0.308
MOEXTN→BRENTOIL 0.204 0.5787 0.287 0.2718 0.1549 0.1034
*,**, and *** implies 10%, 5% and 1% significance level, where: BRENT is Brent Oil Price

Figure 4: MOEXTN and BRENT OIL OMEGA test

Figure 3:  MOEXFN and BRENT OIL OMEGA test
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w. It can be seen that the BRENTOIL causes the MOEXTN at 
frequency 0:5. This is not in tandem with the Granger causality 
test in the time domain, which states the BRENTOIL does not 
cause the MOEXTN. However, it is clear that the MOEXTN does 
not cause the BRENTOIL.

5. CONCLUSION

In this study, the relationship between the Moscow Stock 
Exchange MOEX Chemicals, MOEX Transport, and MOEX 
Financials return indices and oil prices for the 2015:M1 and 
2022:M12 periods is firstly the traditional Granger causality, 
Toda and Yamamoto, and then Breitung and Candelon (2006), 
which is stronger than these two tests. A frequency causality 
analysis was used. While examining the relationship between 
the variables used in traditional causality analyses for only one 
test statistic, the frequency causality test performs the said tests 
for different frequencies over time. In this regard, traditional 
linear causality tests look at causality over the entire period, 
whereas nonlinear asymmetric causality tests look at causality 
during expansion and contraction periods. This is in contrast 
to the implicit assumption of traditional causality analyses 
that a single test statistic summarises the relationship between 
variables (Ciner, 2011). The frequency domain causality test, 
on the other hand, examines the causal relationship in the form 
of short, medium, and long terms based on the whole period. 
In this context, it can be said that Breitung and Candelon’s 
(2006) frequency causality analysis is a stronger test (Karaoğlan 
et  al., 2022).

According to Granger causality analysis, bidirectional causality 
was observed between the BRENTOIL and MOEX Chemistry and 
MOEX Finance Indices. However, there is no Granger causality 
between BRENTOIL and the MOEX Transport index.

According to the Toda Yamamoto causality test, which shows the 
short-term causality and effect between the variables, it is seen 
that Brent Oil and the MOEX Chemistry Index have 5% and 10% 
significant bidirectional causality, respectively. Likewise, it has a 
double causality effect at the 5% significant level with the Brent 
Oil and MOEX Finance indices. It appears that Brent Oil and 
MOEX Transport are not related.

However, according to the Breitung and Candelon (2006) 
frequency causality analysis results, which gave stronger and 
more reliable results than these tests, Breitung and Candelon 
(2006) found that the frequency domain approach was determined 
by the causality between the Brent Oil and MOEX Chemistry, 
MOEX Finance, and MOEX Transport indicators, respectively. 
It has been observed that it gives much better information about 
its power and direction. According to the frequency domain test 
results, it is seen that Brent oil has a significant causal effect on 
the MOEX Chemistry index in the short and long term. This is 
similar to the result of BRENTOIL and MOEXFN, which shows 
a causality effect between BRENTOIL and MOEXFN in the short 
run. Finally, BRENTOIL also has a significant causal effect on 
MOEXTN only in the short term.

This study shows that national and international investors should 
consider oil prices while investing in the Moscow Stock Exchange.
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