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The paper aims to investigate and compare the relationships between the stock, gold, and crude
oil markets as key financial assets in the Weimar Triangle countries. The markets of the Weimar
Triangle member countries have not been previously considered and compared as a group of
cooperating countries. The study covers a period of heightened volatility on commodity markets
(gold, crude oil) due to the COVID-19 pandemic and the outbreak of the war in Ukraine. The
methodology applied includes stationarity testing followed by the estimation of a vector error cor-
rection model to examine cointegration between asset prices and a test for the Granger causality
in France, Germany, and Poland. The main findings indicate that stock returns Granger-cause
crude oil returns in France, Germany, and Poland. However, a statistically significant correlation
is observed only in France. Moreover, gold returns Granger-cause stock returns only in Poland,
despite significant correlations in all countries. In contrast, the gold and the crude oil markets are
independent. In the case of observed Granger causality, asset prices can be predicted based on the
evolution of the prices of the other analysed assets. There exists cointegration of asset prices, with
gold prices moving in the same direction as stock prices, and oil prices in the opposite direction
in France and Germany, while in Poland the relationships are reversed. Cointegration implies
that the prices of the analysed assets exhibit a tendency to return to equilibrium in the long run.

Keywords: Weimar Triangle; Granger causality and cointegration; stock; gold; crude oil
JEL: G11, G15, C32

Celem artykutu jest zbadanie i por6wnanie relacji pomiedzy rynkami akcji, zlota i ropy naftowe;j
jako gléwnych klas aktywdéw finansowych w krajach Tréjkata Weimarskiego. Rynki krajéw beda-
cych cztonkami Tréjkata Weimarskiego nie byly dotychczas w literaturze rozpatrywane i poréw-
nywane jako grupa krajow wspélpracujacych. Badanie uwzglednia okres wiekszej zmiennos$ci na
rynkach surowcéw (zloto, ropa naftowa) w zwiazku z COVID-19 i wybuchem wojny na Ukrainie.
Zastosowana metodologia obejmuje testowanie stacjonarnoéci, a nastepnie estymacje wektorowe-
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go modelu korekty bledem w celu zbadania kointegracji cen aktywéw oraz testowanie przyczyno-
wosci w sensie Grangera we Francji, Niemczech i Polsce. Giéwne wynik badan wskazuja, ze stopy
zwrotu z akcji sa przyczyna w sensie Grangera dla zwrotéw z inwestycji w rope naftowa we Fran-
¢ji, Niemczech 1 Polsce. Jednakze istotng statystycznie korelacje wykazano jedynie we Francji. Co
wiecej, stopy zwrotu ze zlota sa w sensie Grangera przyczyna, rentownosci akcji tylko w Polsce,
pomimo istotnych wspétezynnikéw korelacji we wszystkich krajach. Natomiast rynki ztota i ropy
naftowej sa niezalezne. W przypadku zaobserwowanej przyczynowosci Grangera mozna progno-
zowaé ceny aktywdéw na podstawie ewolucji cen pozostalych wymienionych aktywéw. Wystepuje
kointegracja cen aktywéw, przy czym kierunek zmian cen zlota jest zbiezny, a dla cen ropy nafto-
wej odwrotny w poréwnaniu z trendami cen akcji we Francji 1 Niemczech, podczas gdy w Polsce
zalezno$ci sg odwrotne. Kointergacja oznacza, ze ceny badanych aktywéw wykazuja, tendencje do
powrotu do rownowagi w dtugim okresie.

Slowa kluczowe: Trojkat Weimarski; przyczynowo$é¢ w sensie Grangera i kointegracja; akcje;
zloto; ropa naftowa
JEL: G11, G15, C32

I. INTRODUCTION

The assets under investigation are widely perceived as leading investment
options in the financial market. Stocks and gold are usually considered al-
ternative assets due to their low or negative correlation. The low returns ob-
served during the recent crises affecting the stock markets have made gold,
regarded as a relatively safe investment, more attractive to investors. The
causality running from crude oil to stock and gold markets is also documented
in the literature. It is observed that rising commodity prices lead to higher
production costs and falling stock prices. In contrast, gold and crude oil are
positively correlated, which can be explained by cost inflation. The rise in oil
prices impacts the demand for gold, which in turn becomes more expensive.
In this case gold plays the role of a hedge against inflation (Beckmann et al.,
2015; Mamcarz, 2018; Singh, 2014; Tursoy & Faisal, 2018).

The aim of this paper is to investigate and compare the relationships be-
tween the stock, gold, and crude oil markets as key financial assets in the
Weimar Triangle countries. Although these assets are widely analysed in
the literature, less attention has been paid to Europe, especially to the three
countries analysed in my paper. Moreover, the higher volatility in commodity
markets (gold, crude oil) caused by the COVID-19 pandemic and the outbreak
of the war in Ukraine may have an impact on stock markets in France, Ger-
many, and Poland.

The analysed countries form the Weimar Triangle. Recently, the Weimar
Triangle, which for years had been an important tool of economic and political
integration between the two Western European leaders and Poland, has been
renewed. The interrelations between markets in these countries should be
examined as closer cooperation may translate into increased investor interest
in these markets. I aim to evaluate whether the countries cooperating on polit-
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ical and economic levels show similar causal patterns regarding financial mar-
kets among themselves and compared to the mainstream financial markets.

To my knowledge, the European countries analysed in my study have not
previously been considered and compared as a group of cooperating nations.
The originality and novelty of the study lie in selecting and analysing this
particular group of countries under the circumstances mentioned above. It is
assumed that the analysed markets are cointegrated, and that the direction
of causality runs from the stock to the gold market, while the crude oil market
Granger-causes the stock market. Causality between the considered assets is
also hypothesized to exist.

The research method involves the application of the vector error correction
model (VECM), which is a valuable tool for investigating interactions among
economic and financial variables and the dynamic behaviour of the financial
time-series data, that is, analysing the existence of the long-term equilibri-
um between the considered markets and testing for Granger causality in the
short-term (Kusiedt, 2000, pp. 48-50; Wu & Zhou, 2015). To track asset price
fluctuations, I utilize the stock exchange indices of shares listed on the Eu-
ronext Paris (CAC40), the Frankfurt Stock Exchange (DAX), and the Warsaw
Stock Exchange (WIG20); in the case of commodities, I use the gold spot prices
London Metal Exchange (LME) and the Europe Brent Spot Price (FOB), ex-
pressed in domestic currencies.

The paper is organized as follows: section II provides a literature review,
section IIT presents the methodology applied, including a description of the
non-stationarity test, the model specification and the post-estimation tests.
In section IV, the empirical data are characterized. Section V presents the
empirical results, namely the analysis of stationarity and cointegration of the
variables and Granger causality relations, and section VI consists of the dis-
cussion and conclusions.

II. LITERATURE REVIEW

The relationship between gold, crude oil, and stocks is the subject of many
studies. Such research applies various methods to investigate the existence of
cointegration and Granger causality. The research tends to focus on geograph-
ical regions, especially Asian, African and American countries. In general, less
attention is paid to European economies. The main selection criteria are the
stock markets of leading economies and the inclusion in the group of the key
producers or consumers of the analysed commodities. Below we present a re-
view of the research that matches the above criteria.

For instance, Hussin et al. (2013), in their study on Asia, analysed causali-
ty and cointegration between crude oil, gold, and stock prices in Malaysia from
January 2007 to December 2011. According to their results, stock returns are
not the Granger cause of gold returns, and no cointegration between Islamic
stock markets and strategic commodities in the long run was observed. The
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linkages between gold, oil prices, and the Islamic stock market was also ex-
amined by Chkili (2022), who applied the standard VAR and Markov switch-
ing VAR models. The data span covered the years 1996-2020, including the
recent COVID-19 pandemic crisis. Based on VAR estimates, Chkili indicates
that the relationship between crude oil and Islamic stock markets is positive,
as opposed to the negative relationship between the Islamic stock market and
gold. A study by Bouri et al. (2017) concerning the correlations between glob-
al markets of gold, oil and Indian stocks between June 2009 and May 2016
showed a positive influence of the implied volatility of gold and oil prices on
the stock market and a reverse bidirectional causality between the implied
volatility of gold prices and oil prices. In contrast, Tursoy & Faisal (2018),
based on the ARDL model, showed, on the example of Turkey, a negative cor-
relation between gold prices and stock prices, while a correlation between oil
prices and stock prices was positive. The results of the Granger causality test
also confirm the unidirectional causality between the gold price and the stock
price in the period between January 1986 and November 2016. The observed
patterns differ from the results concerning India or Malaysia.

Attention is frequently paid to China as a leading world economy. Wu and
Mai (2024) investigated the crude oil and gold markets, alongside the Chinese
stock market, including the CSI 300 sector indices. Based on the generalized
vector autoregression (GVAR), they prove the asymmetric spillovers between
commodities (gold, crude oil) and the sectors under analysis from 2000 to 2023.
The results vary depending on sector analysed. The spillover effects of asym-
metry are mainly attributed to the global financial crisis (GFC), the European
sovereign debt crisis (ESDC), the decline in oil prices, and the outbreak of the
COVID-19 pandemic.

A global perspective is a commonly proposed approach. Mensi et al. (2021),
concentrated on the US and China as world leaders. While examining the
spillovers between the stock, crude oil, and gold futures markets before and
during the COVID-19 pandemic, they showed that the spillovers from com-
modity markets to the US and Chinese stock markets became more intense
due to the COVID-19 pandemic, which acted as a major public health and eco-
nomic shock. The authors stressed that gold, as in the past during periods of
financial and energy crises, once again appears to be a strong safe haven. The
interactions between the aforementioned markets were also investigated by
Arfaoui and Ben Rejeb (2017), who confirm a significant relationship between
all the markets considered. The results indicate a negative relation between
oil and stock prices, while oil price was positively affected by gold and USD.
The impact of oil futures prices and Chinese oil gross imports on oil price was
also reported. Also, the changes in oil, USD, and stock markets were found
to have driven gold fluctuations. Additionally, they indicated the influence of
these markets on the US dollar.

The United States was also analysed separately by researchers, for ex-
ample, Gokmenoglu and Fazlollahi (2015) showed the existence of bilateral
causality between changes in the gold price and S&P500 for a period last-
ing from January 2013 to November 2014. They confirmed the evidence of
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unidirectional causality from the oil price to the stock index S&P500. More-
over, changes in the oil price were found to Granger-cause changes in the
gold price. Further research, conducted by Hung and Vo (2021), also focused
on the US. They used the spillover index and the wavelet coherence ap-
proaches to assess the co-movements between WTI, gold and S&P 500 before
and during the COVID-19 outbreak, covering data from 1 January 2018 to
30 January 2020. The analysis carried out across subperiods revealed the
time-varying dynamic spillovers with different intensities and directions
of transmission during the COVID-19 outbreak. Stocks and crude oil are
net receivers of shocks, while gold was a net transmitter of risks before the
COVID-19 period. During the COVID-19 outbreak, the transmitting role
was assigned to crude oil and S&P 500 markets, while gold became the net
recipient of the return spillovers.

Analyses devoted to Latin America can be exemplified by Mexico (Sin-
ghal et al., 2019). In this case, the ARDL approach was adopted to examine
the long-term dynamic relations among international oil and gold prices, the
exchange rate, and the stock market index. They showed that time series are
cointegrated. Moreover, gold prices positively determined the stock price in
Mexico and did not significantly affect the exchange rates. On the other hand,
crude oil prices negatively affected stock prices and exchange rates.

Another criterion for selecting countries included in the analysis is mem-
bership in the group of oil-exporting and oil-importing countries, which was
adopted, for example, by Dontoh et al. (2024). The economies included in this
study were Nigeria, Ghana, Egypt, Algeria and Tunisia. The authors used
quantile regressions (QR) and quantile-on-quantile regression (QQR). Their
study, lasting from 1 January 2017 to 30 September 2021, included the im-
pact of the COVID-19 pandemic. According to the results, the role of crude oil
depended on the countries and the market conditions. It served as a hedge,
diversifier or safe haven against stocks. Also, the role of gold differed over the
years. The interrelations in the Middle East oil-exporting countries (Bahrain,
United Arab Emirates Kuwait, Qatar, and Saudi Arabia) and oil-importing
countries, including Jordan, Egypt, and Turkey, were investigated by Ba-
ni-Khalaf and Taspinar (2022). They also confirmed the existence of depend-
ences during the COVID-19 pandemic.

In the case of Europe, I evaluated the relationship between the joint Cen-
tral European stocks index CETOP, crude oil, and gold in the period 2002—
2021. The results indicated that gold returns Granger-caused stock returns,
and stock returns, in turn, determined crude oil returns. The reverse rela-
tionship between gold and stock prices was reported, while the stock and the
crude oil markets evolved in the same direction (Mamcarz, 2024). Another
study, conducted by Wanat et al. (2015) also analysed linkages between these
commodities and stocks (DAX, FTSE100 indices) based on empirical copula.
The findings show the time-varying dependences and the lack of causality
running from commodity prices to the stock markets analysed, whereas gold
was dependent on stock markets in the most considered sub-periods between
2 January 1998 and 30 June 2014.
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The criteria presented above are commonly used by researchers. However,
other options are also possible, such as that adopted in my study, namely,
membership in political and economic associations, leading to closer coopera-
tion between countries and drawing the attention of investors who are looking
for ways to invest capital, especially in turbulent times.

III. RESEARCH METHODOLOGY

In my study, I use end-of-month data on commodity prices and stock mar-
ket indices, which constituted the basis for calculating the monthly logarith-
mic rates of return, defined as the first differences of the above-mentioned
financial time series data expressed in logarithms. I began by analysing the
time series features applied when investigating the interrelations between
stock, gold, and crude oil markets in France, Germany, and Poland associated
with the Weimar Triangle. To indicate the order of logarithmic asset prices
integration, the Augmented Dickey-Fuller Unit Root (ADF) Test (Dickey &
Fuller, 1979), DF-GLS Test (Elliott, Rothenberg, & Stock, 1996), and the Phil-
lips-Perron Test (Phillips & Perron, 1988) were applied. The differentiation
of the time series made it possible to obtain stationary variables, which were
prerequisites for estimating the VAR/VECM model. As the first order of time
series integration was determined, I took the first differences of logarithms
as my variables in the short-term approach. At the same time, the long-run
dependencies were analysed based on the logarithmic asset prices.

The causal relationships between stock, gold, and crude oil markets were
examined based on the estimates of the three-dimensional VAR(k). The pro-
cedure was proposed by Granger (1969). I used the Wald Test to check zero
constraints on the estimated VAR(k) coefficients for each equation separate-
ly (Lutkepohl, 2005, pp. 45; 102—-103). I independently estimated a VAR(k)
model for each country (j): France, Germany, and Poland, formulated in the
general VECM form (cf. Juselius, 2006, pp. 61-63):

Ax]-’t = I}FIH)ij,t—l + I}F:ijﬂxj"t_z + -+ ‘G.(iflﬂxj,t—k“'l + ij,r—l + Hjxj,t_m + Cp]D}t + Sj,t, (]_)

where: Ax;; — p X 1 dimensional vector of variables in the first differences,
namely logarithmic asset returns (D.In_ith asset) for jth country; x; ;_, —p % 1

dimensional vector of logarithmic asset prices (In_ith asset) for jth country;

(m)
Tjje-1
coefficients matrix of m-lagged logarithmic prices for jth country, IT =x f;

— coefficients matrix of k-lagged logarithmic returns for jth country; I1; —

Bj — coefficients matrix of the cointegrating vectors, reflecting the long-term
impacts for jth country; a; — coefficients matrix of the speed of adjustment to
long-term equilibrium, reflecting the short-term impacts for the jth country;
D,, — vector of deterministic components for jth country; @; — coefficients ma-

trix of vector D k —lag length of the VAR model for the jth country; m —lag of
the ECM term for the jth country.
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In the case of non-stationary variables of vector x,the selection of the
p-variable model form depends on the number of linearly independent cointe-
grating relationships among the logarithmic prices. It was essential to estab-
lish the rank r of the I1 matrix, such as 0 < r < p to investigate if there was
a long-term equilibrium between these non-stationary times series. I tested
the null hypothesis of the Johansen test, stating that there is no cointegration
vector (HO: r = 0), against an alternative hypothesis (H1: r < I). If the null
hypothesis was rejected, the procedure was continued for higher ranks (r < p)
until the number of cointegrating vectors in the VECM model was established.
If there was no cointegration relationship between logarithmic prices x,),
r = 0. Thus, the IIx;_,, also equaled 0, suggesting the error correction mech-
anism (ECM) omission in the VECM. This means that model (1) was esti-
mated exclusively based on the first differences, namely the logarithmic asset
returns (Becketti, 2013, p. 390; Charemza & Deadman, 1997, pp. 129, 175;
Johansen & Juselius, 1990).

I also consider that the specification of the VECM model depended on
the trend type, the number of lags, and the restrictions imposed. I analysed
five cases as follows: Unrestricted trend (trend), Restricted trend (rtrend),
Unrestricted constant (constant), Restricted constant (rconstant), and No
trend (none) involving the inclusion of the linear trend and quadratic trend
parameters in X deterministic terms in the cointegrating equation repre-
senting the means and linear trends of this relationship, respectively. The
general assumptions for trend specification were presented by Becketti
(2013, p. 392).

The post-estimation procedure included the study of the autocorrela-
tions and normality of the residuals of estimated VECM. I applied the La-
grange-multiplier (LM) Test for residual autocorrelation, which is particular-
ly useful for detecting low-order autocorrelations. The null hypothesis (HO)
assumed no autocorrelation at lag order. Testing for residuals nonnormality
involved carrying out the Jarque-Bera test (Litkepohl, 2005, pp. 345-348;
174-177). At the same time, the structural breaks of residuals were tested
by applying the cumulated sum of the forecast errors test, CUSUM (Enders,
2010, pp. 106-107). I used Stata software and MS Excel for computation in
this study.

IV. THE CHARACTERISTICS OF THE EMPIRICAL DATA

To describe the financial markets of the Weimar Triangle, I used the fol-
lowing stock indices as proxies: CAC40, DAX, and WIG20. The CAC40 index
1s the most widely recognized benchmark of the French stock market, tracking
the performance of the forty most significant shares listed on Euronext Paris;
it is a free-float market capitalization-weighted index (Euronext, 2024). The
DAX index reflects the performance of the forty most extensive German stocks
with the highest turnover listed on the Frankfurt Stock Exchange Regulated
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Market (Frankfurt Stock Exchange, 2024). Finally, the WIG20 consists of the
twenty biggest and the most liquid companies, called blue-chips, listed on the
GPW Main List (GPW Benchmark, 2024). The other two assets were gold and
Brent crude oil, whose prices were expressed in EUR in the case of the two
considered eurozone countries or PLN for Poland.

I used the exchange rates to calculate these prices in the domestic curren-
cies of the Weimar countries based on the gold spot prices (London Fix) and the
Europe Brent Spot Price (FOB), both with monthly frequency. Data and infor-
mation were retrieved from the dedicated stock exchange websites: Euronext
(2024), Frankfurt Stock Exchange (2024), GPW Benchmark (2024), financial
portal Stooq (2024a, 2024b, 2024c), WGC (2024), NBP (2024) and EIA (2024).
The sample covers the period from January 1999 to April 2024 (end-of-month),
including 304 observations. All values were transformed into logarithms before
conducting further analysis and estimations. I considered the logarithmic prices
(variables at levels) and logarithmic rates of returns on investment in the an-
alysed assets (variables at first differences). The price patterns of the analysed
financial assets are depicted in Figures 1 (stocks) and 2 (gold and crude oil),
while the descriptive statistics are presented for France, and Germany in
Table Al, and for Poland in Table A2 of the Appendix to the paper.!

The stock indices showed similar trends over time. I observed periods of
both rising and falling prices. However, the DAX index was more volatile in
terms of standard deviation and coefficient of variation. Only the CAC40 index
exhibited a right-skewed distribution, while the other two were skewed to the
left. Nonetheless, the values of these statistics indicate that the data were
pretty symmetric. CAC40 and DAX were platykurtic, while WIG20 was al-
most mesokurtic. Logarithmic gold and crude oil prices fluctuated more than
the stock market benchmarks. Although the skewness statistics indicated
the left-skewed distribution, the crude oil price appeared moderately skewed,
while gold was still reasonably symmetrical. Gold prices were platykurtic,
while crude oil prices were nearly mesokurtic. These features are characteris-
tic of prices expressed in both currencies.

Concerning the first differences, defined as the logarithmic returns, the
highest fluctuations among stock indices were attributed to the WIG20. Gold
returns were the least volatile, while oil returns were almost as volatile as
the DAX index. In France and Germany, all asset returns were left-skewed,
except for gold, which was slightly right-skewed. In the other cases, the
skewness varied from moderate to high depending on the returns analysed.
For the Polish capital market, the stock returns were slightly left-skewed,
while the gold returns showed a right-skewed distribution. However, the
low skewness coefficients suggest that data were almost symmetrical. At
the same time, crude oil returns were left-skewed with moderate deviation
from the normal distribution. Moreover, in three countries the logarithmic
stock, gold and crude oil returns, regardless of the currency applied, were
leptokurtic.

! The Appendix to the paper is available in the OSF repository: https://osf.io/bdev7/
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Figure 1
The logarithmic values of the stock indices WIG20, CAC40, and DAX
in the period January 1999 — April 2024 (end-of-month)
10,5
10,0
9,5
9,0
895 ° ..'oo""oo.’......'....
8,0 .o:.;o“...o;~ - ~
- .
75 ’\“ "l " LY Al ~ \-’r \'v
70 5 \NPLJ
6,5
6,0
2222558223185 338§ 3
S S F E S FE S FE S REE S EB
T R T I E - B B A S e
- = In_WIG20 essses In_CAC40 In_DAX

Source: the author’s elaboration based on Stooq (2024a, 20024b, 2024c).

Figure 2
The logarithmic prices of gold and crude oil in EUR and PLN
in the period January 1999 — April 2024 (end-of-month data)
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The results of the selected unit root tests, namely the ADF, DF-GLS, and
Phillips-Perron test, are presented in Tables A3, A4, and A5 of the Appendix,
respectively. In the case of the ADF test, I accept the null hypothesis of a unit
root for all analysed variables at standard significance levels (1%, 5%, 10%)
except for crude oil log-prices (BRENT_EUR, BRENT_PLN at level) which
were significant in at 5% and 10%, but not at 1%. The DF-GLS test results also
confirm that all variables at levels are nonstationary regardless of the number
of lags and significance levels. Moreover, for both Phillips-Perron test statis-
tics, the null hypothesis of the unit root was accepted except for BRENT_EUR
and BRENT_PLN, for which the null should be rejected at 10% and 5% but
not at 1%. The first differences of the analysed variables seem to be stationary
processes as I rejected the null hypothesis of the ADF test, DF-GLS, and Phil-
lips-Perron at any significance level.

After investigating the time series stationarity based on the conducted
unit root tests, I concluded that the logarithmic variables (at levels) were
non-stationary. In contrast, their first differences, defined as the logarithmic
returns, were stationary. This means that logarithmic prices are integrated of
order one. The presented features of the analysed time-series justify conduct-
ing cointegration analysis between financial asset prices in the considered
markets before the estimation process.

Since I confirmed the stationarity of the first differences of logarithmic
asset prices, defined as the logarithmic returns, I was able to calculate the
correlation coefficients between obtained rates of return from investments in
the analysed markets. In this way, I addressed the problem of the spurious
relationships between variables, which could exist in the case of asset prices.
The results are presented in the Appendix, Table A6.

I observed a very strong positive correlation between the stock returns in
France and Germany. In contrast, fairly strong positive relationships existed
between Poland and the other two markets. All the coefficients were statisti-
cally significant at 1%. The gold returns based on EUR and PLN prices were
strongly positively correlated. The crude oil returns showed the same pattern.
The significant relationship between stock and gold returns was a weak nega-
tive one in the case of considered eurozone countries and a negative moderate
one in the case of Poland when assets were priced in the domestic currencies.
Only in the case of France was a very weak positive correlation between stock
and crude oil returns indicated.

V. RESULTS

This section presents the characteristics of the three country-specific mod-
els separately. The results are provided in the tables of the Appendix. I start
with the French market (Table A7-A9); next, I address the German case (Ta-
ble A10-A12), followed by the Polish one (Table A13—A15). The investigation
of the optimal number of lags was conducted to choose the proper specification
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of the Johansen test for cointegration and for the subsequent model estima-
tion process for each country.

While analysing the results in Table A7, I conclude that the optimal num-
ber of lags in the French market is two, with one exception. Based on the re-
sults of the cointegration analysis summarized in Table A8, I considered one
cointegration vector and two lags in the final VAR model representation based
on Max and AIC. Moreover, after comparing different model specifications for
the French market, I decided to eliminate the trend term in the cointegra-
tion relationship as I accepted the null that an unrestricted constant mod-
el (constantlags2) is nested in a restricted trend model (rtrendlags2) at 5%
(Prob > chi2 = 0.0794). However, I could no longer trim the unrestricted con-
stant model (constantlags2) since the null that the restricted constant model
(rconstantlags2) is nested in the unrestricted constant model (constantlags2)
was rejected at 1% (Prob > chi2 = 0.0074).

The characteristics of the selected model (constantlag2) are summa-
rized in Table A9. For the short-run equations, I observed a statistically
significant coefficient of the error correction mechanism in the equations
describing the returns on the stock market (D.In_CAC40) and the crude
oil market (D.In_BRENT_EUR), indicating the ability of the system to re-
turn to long-term equilibrium. Moreover, the crude oil returns depended
on their previous values and the changes in stock prices. At the same time,
gold returns were explained by their own lagged values. All coefficients
were statistically significant in the long-term equation of VECM, called
ECM (cel). The evolution of the gold prices and the stock prices in the
same direction is observed, while the crude oil prices moved in the opposite
direction to the stock prices.

Germany was the second country I examined. As presented in Table A10,
the optimal number of lags in most cases is two. I included the two lags in the
VAR representation while conducting the cointegration analysis, the results
of which are summarized in Table A11.

The statistics presented in Table A11 suggested one cointegration vector
except for the SBIC criterion under assumed unrestricted constant trend spec-
ification. I chose this type as I accepted the null that an unrestricted constant
model (constantlags?) is nested in a restricted trend model (rtrendlags?2) at
5% (Prob > chi2 = 0.1674). The null hypothesis that the unrestricted constant
model (rconstantlags?2) is nested in the unrestricted constant model (constant-
lags2) was rejected at 5% (Prob > chi2 = 0.0048).

The selected model specification is presented in Table A12. I observed that
the coefficients assigned to the ECM (cel) vector were statistically significant
in the case of DAX and BRENT equations, allowing the system to return to
long-term equilibrium. Gold returns (equation GOLD) were only explained by
their lagged values and the constant term, while the other parameters were
not statistically different from zero. Crude oil returns (equation BRENT) de-
pended on stock and crude oil returns with one lag, as these estimates were
statistically significant at 1%. For the ECM long-term relationship, I observe
that gold and crude oil prices were cointegrated with stock prices. However,
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the direction of influence differed, as the increase in gold price was accompa-
nied by a rise in stock prices, while the crude oil price changed in the opposite
direction compared to the DAX index values.

Results were also obtained for the Polish capital market. I began with the
number of lags, two or one, depending on the criterion (Appendix, Table A13).

After comparing different model specifications for the Polish market, I se-
lected the restricted constant specification based on nested models testing. The
assumption that the unrestricted constant model (constantlags2) is nested in the
restricted trend model (rtrendlags?2) was accepted at 5% (Prob > chi2 = 0.0690).
However, the unrestricted constant model (constantlags2) was not nested in
the restricted constant model (rconstantlags?2) since Prob > chi2 = 0.0330 is less
than 0.05. The cointegration test indicated one cointegrating relationship be-
tween stock, gold, and crude o1l prices in Poland for the specifications considered
(Appendix, Table A14). The estimates of the unrestricted constant model are
presented in Table A15 of the Appendix.

Concerning the short-term equations, stock returns were explained by
gold returns at a 10% significance level. In contrast, all coefficients in the
gold return equation, except for the intercept term, were statistically insig-
nificant. Brent returns depended on lagged stock and crude oil returns, as
well as the ECM term (p-value < 1%). Although the ECM vector estimates
were statistically significant, the ability to return to long-term equilibrium
was proved only in the case of the Brent returns equation. The fall in the
gold price was accompanied by an increase in the stock price, while the drop
in the Brent crude oil price caused a decrease in the stock price. Thus, I ob-
served a different pattern in Poland compared to France and Germany in
the long run.

A comparison of the three considered countries in terms of the Granger
causality analysis based on F-test statistics for estimated coefficients of the
VECM models is presented in Table A16 of the Appendix. I indicate that in
the case of France, Germany, and Poland, the stock returns in these countries
Granger-caused crude oil returns when calculated in their respective domes-
tic currencies. Moreover, gold returns Granger-caused the stock returns in
Poland. All the mentioned interrelations are unidirectional since the depend-
encies run from the stock market to gold market returns and from the stock
market to the crude oil market in the indicated cases. No causal relation-
ships between gold and crude oil were observed, indicating the independence
of these markets.

Based on the results presented in the Appendix, Table A17, the La-
grange multiplier test statistics showed no evidence of residual autocor-
relation at any lag order, as the null hypothesis was not rejected at 5%.
However, with regard to the Jarque-Bera test, the residuals were not nor-
mally distributed except for the WIG20 equation error term. Moreover, the
model’s parameters were stable over time, since I could not reject the null
hypothesis of the coefficient stability at 5% in the case of the CUSUM test
(Appendix, Table A18).
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VI. DISCUSSION AND CONCLUSIONS

When analysing the relationship between stock, gold and crude oil mar-
kets in France, Germany, and Poland, I found unidirectional Granger causal-
ity running from stock markets to crude oil markets, showing dependencies
between changes in the individual stock indices and crude oil profitability.
However, a statistically significant correlation coefficient was indicated for
France. In contrast, Gokmenoglu and Fazlollahi (2015) highlight that the cau-
sality runs in the opposite direction, namely from the oil price to the US stock
index (S&P500). My research hypothesis, which assumed the direction of the
influence of crude oil on the stock market, was negatively verified for the Eu-
ropean countries examined.

I demonstrated that the causality runs from gold returns to stock returns,
but only in Poland. However, a significant Pearson correlation was observed
between market returns in each country studied. My results regarding causal-
ity are consistent with those reported by Mensi et al. (2021). Moreover, they
align with the study by Tursoy and Faisal (2018) who also indicate the unidi-
rectional causality between the gold and the stock market. Nevertheless, the
results contradict the findings by Hussin et al. (2013), who showed that stock
prices are not the Granger-cause of gold prices in Islamic countries. In the two
Weimar countries (France and Germany), unlike the USA market analysed by
Bouri et al. (2017), there is no bilateral causal relationship (feedback) between
changes in gold and stock prices. My results contradict the initial assumption
that the causality runs from the stock to the gold market.

Additionally, contrary to the results of Gokmenoglu and Fazlollahi (2015),
I found that the analysed gold and crude oil markets are independent. More-
over, no statistically significant relationships between these markets are
reported in my findings regarding correlation coefficients. Also Irshad et al.
(2014) showed no evidence of causality between considered financial assets.

Regarding the long-term relationship between markets, expressed by the
ECM (cel) component of the estimated models, I observed long-term equi-
librium as previously assumed. However, the direction of dependences dif-
fers among the countries analysed in my study. Similar to Tursoy and Faisal
(2018) and Singhal et al. (2019), I reported the same direction of movements
of gold and the reverse influence of crude oil prices trends on stock prices in
France and Germany, while in Poland, the dependences were the opposite.
My results concerning cointegration are not always consistent with the other
authors, as some of them demonstrated no ability to return to equilibrium
in the long run, namely Hussin et al. (2013) and Irshad et al. (2014). The in-
fluence attributed to gold in the case of the Polish market shows that gold is
perceived as an alternative asset to stocks as a rise in one asset price leads to
a decrease in the other. The patterns characteristic of Poland align with the
results presented in my previous study concerning the Central Europe stock
markets included in the CETOP index (Mamcarz, 2024).
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To some extent, the mixed findings concerning dependencies between mar-
kets in the Weimar Group countries can be attributed to the convergence gap
between the Western European countries included in the Eurozone and the
Central European ones, represented by Poland. Also, the use of the nation-
al currency (PLN) and EUR in the pricing of the assets analysed may cause
mixed results. Moreover, unexpected events, such as the COVID-19 pandemic
and the outbreak of the war in Ukraine, may have had an impact on the ob-
tained results, as financial assets and commodity prices became more volatile
in these circumstances. In the face of an unprecedented situation, relation-
ships may change and differ from those presented in the literature. Addition-
ally, the time horizon and the benchmark indices adopted in numerous studies
may also have an influence on the results. Analysing linkages between stock,
gold, and crude oil made it possible to understand the dynamics of prices and
returns in the Weimar Group countries. Moreover, it can be useful in predict-
ing reactions and volatility in the considered markets caused by turbulences
in the other interrelated asset markets.

Author contributions / Indywidualny wklad autora (CRediT): Katarzyna Mam-
carz — 100% (Conceptualization / Konceptualizacja; Formal analysis / Formalna anali-
za; Investigation / Przeprowadzenie badan; Writing — original draft / Pisanie — pierwszy
szkic; Writing — review & editing / Pisanie — recenzja i edycja).

Conflict of interest / Konflikt interes6w: The author declares no conflict of interest. /
Autorka nie zglosila konfliktu intereséw

Funding / Finansowanie: The author declares no institutional funding. / Autorka o§wiad-
czyla, ze nie korzystata z finansowania instytucjonalnego.

The use of Al tools / Wykorzystanie narzedzi Al: The author declares no use of Al tools.
/ Autorka oéwiadczyla, ze nie korzystala z narzedzi Al.

Data availability / Dostepnos$é danych: The data is available on request. / Dane dostep-
ne na zyczenie.

Supplementary material: The Appendix to the paper is available in the OSF repository: /
Aneks do artykutu jest dostepny na: https://osf.io/bdev7/

References / Bibliografia

Arfaoui, M., & Ben Rejeb, A. (2017). Oil, gold, US dollar and stock market interdependencies:
A global analytical insight. European Journal of Management and Business Economics,
26(3), 278-293. https://doi.org/10.1108/EJMBE-10-2017-016

Bani-Khalaf, O., & Taspinar, N. (2022). Oil and gold return spillover and stock market elasticity
during COVID-19 pandemic: A comparative study between the stock markets of oil-exporting
countries and oil-importing countries in the Middle East. Resources Policy, 79, no. 102935.
https://doi.org/10.1016/j.resourpol.2022.102935

Becketti, S. (2013). Introduction to time series using Stata. College Station: Stata Press Publication.

Beckmann, J., Berger, T., & Czudaj, R. (2015). Does Gold Act as a hedge or a safe haven for stocks?
A smooth transition approach. Economic Modelling, 48, 16—24. https://doi.org/10.1016/j.econ-
mod.2014.10.044

Bouri, E., Jain, A., Biswal, P., & Roubaud, D. (2017). Cointegration and nonlinear causality
amongst gold, oil, and the Indian stock market: Evidence from implied volatility indices.
Resources Policy, 52, 201-206. https://doi.org/ 10.1016/j.resourpol.2017.03.003


https://osf.io/bdcv7/
https://doi.org/10.1108/EJMBE-10-2017-016
https://doi.org/10.1016/j.resourpol.2022.102935
https://doi.org/10.1016/j.econmod.2014.10.044
https://doi.org/10.1016/j.econmod.2014.10.044
https://doi.org/

Comparative analysis of the interrelations between the stock, gold, and crude oil markets 257

Charemza, W. W., & Deadman, D. F. (1997). New directions in econometric practice: General to
specific modelling, cointegration and vector autoregression (2nd ed.). Edward Elgar Publish-
ing.

Chkili, W. (2022). The links between gold, oil prices and Islamic stock markets in a regime switch-
ing environment. Eurasian Economic Review, 12, 169—186. https://doi.org/10.1007/s40822-
022-00202-y

Dickey, D. A., & Fuller, W. A. (1979, June). Distribution of the estimators for autoregressive time
series with a unit root. Journal of the American Statistical Association, 74(366), 427-431.
https://doi.org/10.2307/2286348

Dontoh, E. A., Adu-Asare Idun, A., Adam, A. M., & Owusu Junior, P. (2024, September). Ana-
lysing COVID-19’s impact: Gold, oil, and stock markets in African oil-exporting economies.
Scientific African, 25, €02330. https://doi.org/10.1016/j.sciaf.2024.e02330

Elliott, G., Rothenberg, T. J., & Stock, J. H. (1996, July). Efficient tests for an autoregressive unit
root. Econometrica, 64(4), 813—836.

Enders, W. (2010). Applied econometric time series (3 ed.). Wiley & Sons.

Euronext. (2024). CAC40 Factsheet. Retrieved 15 July 2024, from https://live.euronext.com/sites/
default/files/documentation/index-fact-sheets/CAC_40_Index_Factsheet.pdf

Frankfurt Stock Exchange. (2024). Glossary DAX. Retrieved 15 July 2024, from https://www.
boerse-frankfurt.de/en/know-how/glossary/d

Gokmenoglu, K., & Fazlollahi, N. (2015). The interactions among gold, oil, and stock market: Ev-
idence from S&P500. Procedia Economics and Finance, 25, 478—488. https://doi.org/0.1016/
S2212-5671(15)00760-1

GPW Benchmark. (2024). WIG20 — Index Methodology. Retrieved 15 July 2024, from https://
gpwbenchmark.pl/pub/BENCHMARK/files/PDF/metodologia_indeksow/new/2022_12_30_
WIG20_en.pdf

Granger, C. (1969). Investigating causal relations by econometric models and cross-spectral meth-
ods. Econometrica, 37(3), 424—438. https://doi.org/10.2307/1912791

Hung, N. T., & Vo, X. V. (2021, July). Directional spillover effects and time-frequency nex-
us between oil, gold and stock markets: Evidence from pre and during COVID-19 out-
break. International Review of Financial Analysis, 76, 101730. https://doi.org/10.1016/j.
irfa.2021.101730

Hussin, M. Y., Muhammad, F., Razak, A. A., Tha, G., & Marwan, N. (2013). The link between
gold price, oil price and Islamic stock market: Experience from Malaysia. Journal of Studies
in Social Sciences, 4(2), 61-182.

Irshad, H., Bhatti, G., Qayyum, A., & Hussain, H. (2014). Long run relationship among oil, gold
and stock prices in Pakistan. Journal of Commerce, 6(4), 6-21.

Johansen, S., & Juselius, K. (1990). Maximum likelihood estimation and inference on cointegra-
tion with applications to the demand for money. Oxford Bulletin of Economics & Statistic,
52(2), 169-210. https://doi.org/10.1111/j.1468-0084.1990.mp52002003.x

Juselius, K. (2006). The Cointegrated VAR Model: Methodology and applications. Oxford Univer-
sity Press.

Kusiedl, E. (2000). Vector Autoregressive VAR Models: Methodology and application. Absolwent.

Liitkepohl, H. (2005). New introduction to multiple time series analysis. Springer-Verlage.

Mamcarz, K. (2018). Basic assets classes as the determinants of the gold price in the long-run.
Relationship analysis. Prace Naukowe Uniwersytetu Ekonomicznego we Wroctawiu, 533,
160-170. https://doi.org/10.15611/pn.2018.533.16

Mamcarz, K. (2024). Causal linkages between stock, crude oil and gold returns in Central Europe.
Argumenta Oeconomica, 2(53), 66—89. https://doi.org/10.15611/a0e.2024.2.05

Mensi, W., Reboredo, J. C., & Ugolini, A. (2021). Price-switching spillovers between gold, oil, and
stock markets: Evidence from the USA and China during the COVID-19 pandemic. Resources
Policy, 73, 102217. https://doi.org/10.1016/j.resourpol.2021.102217

National Bank of Poland (NBP). (2024). Historic average exchange rates — table A (CSV, XLS).
Retrieved 16 May 2024, from https:/mbp.pl/en/statistic-and-financial-reporting/rates/ar-
chive-table-a-csv-xls/

Phillips, P. C., & Perron, P. (1988). Testing for a Unit Root in Time Series Regression. Biometrika,
75(2), 335—-346. https://doi.org/10.2307/2336182


https://doi.org/10.1007/s40822-022-00202-y
https://doi.org/10.1007/s40822-022-00202-y
https://doi.org/10.2307/2286348
https://doi.org/10.1016/j.sciaf.2024.e02330
https://live.euronext.com/sites/default/files/documentation/index-fact-sheets/CAC_40_Index_Factsheet.pdf
https://live.euronext.com/sites/default/files/documentation/index-fact-sheets/CAC_40_Index_Factsheet.pdf
https://www.boerse-frankfurt.de/en/know-how/glossary/d
https://www.boerse-frankfurt.de/en/know-how/glossary/d
https://doi.org/0.1016/S2212-5671(15)00760-1
https://doi.org/0.1016/S2212-5671(15)00760-1
https://gpwbenchmark.pl/pub/BENCHMARK/files/PDF/metodologia_indeksow/new/2022_12_30_WIG20_en.pdf
https://gpwbenchmark.pl/pub/BENCHMARK/files/PDF/metodologia_indeksow/new/2022_12_30_WIG20_en.pdf
https://gpwbenchmark.pl/pub/BENCHMARK/files/PDF/metodologia_indeksow/new/2022_12_30_WIG20_en.pdf
https://doi.org/10.2307/1912791
https://doi.org/10.1016/j.irfa.2021.101730
https://doi.org/10.1016/j.irfa.2021.101730
https://doi.org/10.1111/j.1468-0084.1990.mp52002003.x
https://doi.org/10.15611/pn.2018.533.16
https://doi.org/10.15611/aoe.2024.2.05
https://doi.org/10.1016/j.resourpol.2021.102217
https://nbp.pl/en/statistic-and-financial-reporting/rates/archive-table-a-csv-xls/
https://nbp.pl/en/statistic-and-financial-reporting/rates/archive-table-a-csv-xls/
https://doi.org/10.2307/2336182

258 Katarzyna Mamcarz

Singh, D. (2014). The dynamics of gold prices, crude oil prices and stock index comovements:
Cointegration evidence of India. Finance India, 28(4), 1265-1274.

Singhal, S., Choudhary, S., & Biswal, P. (2019). Return and volatility linkages among interna-
tional crude oil price, gold price, exchange rate and stock markets: Evidence from Mexico.
Resources Policy, 60, 255—261. https://doi.org/10.1016/j.resourpol.2019.01.004

Stooq. (2024a). Historical data: CAC 40 — France (*CAC). Retrieved 15 July 2024, from https://
stooq.com/q/d/?s="cac

Stooq. (2024b). Historical data: WIG20 (WIG20). Retrieved 15 July 2024, from https://stooq.pl/q/
d/?s=wig20

Stooq. (2024c). Historical data: DAX Index — Germany (*"DAX). Retrieved 15 July 2024, from
https://stooq.com/q/d/?s="dax

Tursoy, T., & Faisal, F. (2018). The impact of gold and crude oil prices on stock market in Turkey:
Empirical evidences from ARDL bounds test and combined cointegration. Resources Policy,
55, 49-54. https://doi.org/10.1016/j.resourpol.2017.10.014

U. S. Energy Information Administration (EIA). (2024). Europe Brent Spot Price FOB (Dollars
per Barrel). Retrieved 17 May 2024, from https://www.eia.gov/dnav/pet/pet_pri_spt_s1_d.
htm

Wanat, S., Papiez, M., & Smiech, S. (2015). Causality in distribution between European stock
markets and commodity prices: Using independence test based on the empirical copula. Pra-
ce Naukowe Uniwersytetu Ekonomicznego we Wroctawiu/Research Papers of Wroctaw Uni-
versity of Economics, 381, 439—454. https://doi.org/10.15611/pn.2015.381.32

World Gold Council (WGC). (2024). Gold spot prices. Retrieved 16 May 2024, from https://www.
gold.org/goldhub/data/gold-prices

Wu, Y., & Mai, C. (2024). Dynamic spillover between crude oil, gold, and Chinese stock market
sectors — analysis of spillovers during financial crisis data during the last two decades. Heli-
yon, 10(9), e30219. https://doi.org/10.1016/).heliyon.2024.e30219

Wu, Y., & Zhou, X. (2015). VAR models: Estimation, inferences, and applications. In C.-F. Lee &
dJ. C. Lee (Eds.), Handbook of financial econometrics (pp. 2077-2091). Springer.


https://doi.org/10.1016/j.resourpol.2019.01.004
https://stooq.com/q/d/?s=
https://stooq.com/q/d/?s=
https://stooq.pl/q/d/?s=wig20
https://stooq.pl/q/d/?s=wig20
https://stooq.com/q/d/?s=
https://doi.org/10.1016/j.resourpol.2017.10.014
https://www.eia.gov/dnav/pet/pet_pri_spt_s1_d.htm
https://www.eia.gov/dnav/pet/pet_pri_spt_s1_d.htm
https://doi.org/10.15611/pn.2015.381.32
https://www.gold.org/goldhub/data/gold-prices
https://www.gold.org/goldhub/data/gold-prices
https://doi.org/10.1016/j.heliyon.2024.e30219

	Katarzyna Mamcarz
	Comparative analysis of the interrelations between the stock, gold,  and crude oil markets
	I. INTRODUCTION 
	II. LITERATURE REVIEW 
	III. RESEARCH METHODOLOGY 
	IV. THE CHARACTERISTICS OF THE EMPIRICAL DATA 
	V. RESULTS 
	VI. DISCUSSION AND CONCLUSIONS 


	Author contributions / Indywidualny wkład autora
	Conflict of interest / Konflikt interesów
	Funding / Finansowanie
	The use of AI tools / Wykorzystanie narzędzi AI
	Data availability / Dostępność danych
	Supplementary material
	References / Bibliografia 

