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Abstract: The Russia–Ukrainian war, which began in 2014 and exploded with the invasion of the
Russian army on 24 February 2022, has profoundly destabilized the political, economic and financial
balance of Europe and beyond. To the humanitarian emergency associated with every war has been
added the deep crisis generated by the strong energy and food dependence that many European
countries, and not only European, have developed over decades on Ukraine (especially for wheat)
and Russia (especially for natural gas). The aim of this article is to verify the existence of a link
between the performance of the Eurostoxx index and the price of wheat futures and TTF natural
gas, from 25 February 2019 to 28 September 2023. Through a quantile VAR analysis, a link is sought
between the Eurostoxx 50 index, and wheat and TTF gas futures prices. Furthermore, the analysis
intends to understand whether the presence of such relationship only manifested itself following
the war events, or whether it was already present in the market. The analysis carried out also shows
that the relationship between the stock market and raw material prices was present even before
the conflict.

Keywords: Russia–Ukraine war; stock market; commodities; quantile VAR analysis

1. Introduction

On 24 February 2022, the diplomatic-military clash that had been going on between
Russia and Ukraine since February 2014 resulted in an invasion. The Russia–Ukraine
conflict, in all its three dimensions, military, humanitarian and economic, produced cas-
cading effects on the world economy, with particularly dramatic impacts on developing
countries. Food, energy and financial markets have undergone sudden changes since the
start of the war; in fact, both contending countries are among the world’s leading wheat
exporters. According to UNCTAD (2022), “they provide around 30 percent of the world’s
wheat and barley, one-fifth of its maize, and over half of its sunflower oil. At the same
time, the Russian Federation is the world’s top natural gas exporter, the second-largest
oil exporter and the largest exporter of wheat, pig iron, enriched uranium, natural gas,
palladium and nickel”. It also holds a significant share of coal, platinum, crude oil and
refined aluminum exports. Finally, we can conclude this brief examination by analyzing
how Russia and Belarus, together, are important suppliers of fertilizers, including nitrogen
and potash. On the other hand, Ukraine is also an important exporter of numerous raw
materials including wheat, pig iron, maize and barley. Furthermore, it is the world’s largest
exporter of sunflower seed oil and of neon gas, which is a critical input used to manufacture
electronic chips. Given the numbers of goods exported and the size of the exports, the
Russian invasion of the Ukraine was a very traumatic event for the commodity markets,
as many nations rely on raw materials from these two countries. In this situation, there
was a notable increase in the prices of energy and food, including wheat. This, in turn, has
given rise to concerns about energy and food security, especially for the poorest families.
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Food production, at the global level, must also adapt to changes in relative prices, and
it is for this reason that the volatility of commodity prices has increased. In this context,
food prices have reached levels similar to or higher than those reached in 2007–2008. At
that time, many authors attributed the high values of agricultural commodity prices to the
financialization of derivatives markets (Masters 2008; Huchet and Fam 2016; Guilleminot
et al. 2014; Tang and Xiong 2012). Others have shown that the causes of the increases
were also to be found in other factors (Sanders and Irwin 2011; Glauben et al. 2014; De
Cesari et al. 2018). The increased volatility in commodity prices recorded since February
2022 is based on concerns about the short- and long-term consequences of the war on the
production and trade of commodities, in particularly those for which Russia and Ukraine
play a key role. The effects of the war in Ukraine on commodity markets occur through
two main channels: the physical impact the destruction of productive capacity, and the
impact on trade and production due to sanctions.

As a result, commodity prices are reaching record highs across the board. In April
2022, the United Nations Food and Agriculture Organization (FAO) published its third
consecutive record food price index. According to FAO food prices was 34% higher than
that time previous year and had never been that high since FAO started recording them.
Likewise, crude oil prices, gas and fertilizer prices have more than doubled. The FAO Cereal
Price Index averaged 169.78 points in May 2022, with an increase of 27.65 percent compared
to the same period of 2021. Given the significant contribution of the two countries to
global food and energy supplies, the war produced consequences not only for neighboring
countries but throughout the world. Regarding Europe, it imports a significant share of
energy from Russia, including natural gas (35 percent), crude oil (20 percent) and coal
(40 percent). Furthermore, Russia is similarly dependent on the European Union for
its exports. In fact, around 40 percent of crude oil and natural gas is exported to the
EU. Regarding food supplies, advanced economies (e.g., Australia, Canada, EU, US) and
emerging economies are not dependent on Russia and Ukraine, being major producers
of agricultural raw materials, the former being among major suppliers of grains and
oilseeds. However, many smaller emerging markets and developing economies are almost
exclusively dependent on agricultural raw materials from Russia and Ukraine. In fact,
more than half of wheat imports into many countries in Africa, developing Europe and the
Middle East came from Russia and Ukraine. In Europe, the demand for natural gas had
already suffered due to price increases, and as a result many energy-intensive businesses
such as fertilizer plants and refineries have reduced production. Most important of the
territories at war are the greaten southern ports of Ukraine, such as Mariupol and Odessa,
essential for the transit of agricultural and industrial goods in the country. Soon after the
war began, in March 2022, rail and road corridors saw limited quantities of Ukrainian
grain exports pass through. However, grain exports from Russia have not been affected.
The interruption of wheat exports from Ukraine has affected several importing countries,
especially in the Middle East and North Africa, including Egypt and Lebanon. As a result,
several countries have introduced trade policy measures or banned wheat exports. By the
end of March 2022, just one month after the start of the war, 53 new policy interventions
had already been imposed affecting the trade of food commodities. However, the trade
restrictions imposed were not as extensive as those that occurred during periods of tension
in commodity markets in 2007–2008 and 2011–2012.

The consequences of the conflict in terms of increased prices of raw materials and
energy sources are tangible and there for all to see. On the other hand, the link between
these aspects and the dynamics of financial markets may appear less linear and more
complex. From this perspective, the present work aims to verify if there is a link between
stock market performance and the prices of wheat and natural gas, i.e., the commodities
that have shown the greatest volatility since the beginning of the war.
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The research questions to be answered are therefore the following:

• Is there a relationship between the Eurostoxx 50 index and real market variables, such
as the wheat futures price and the TTF gas futures price?

• If such a relationship exists, in which direction and with which characteristics does
it manifest?

• If such a relationship exists, did it arise after the conflict broke out, or was it already
present before?

The article is divided as follows: Section 2 offers a review of the literature on energy,
food and financial links between Russia and Europe, and more generally on the impact of
commodity prices on financial markets; Section 3 presents the statistical analysis method-
ology followed, while the main results and their discussion are presented in Section 4;
Section 5 concludes.

2. Literature Review

The economic link between Russia and Europe has been analyzed by numerous
authors in different aspects: energy, food and financial. Garderbroek and Hernandez
(2013) show the relationship between the price of agricultural commodities and the use
of bioethanol as a fuel. In fact, while traditionally the relationship between food and
energy prices was linked to production and transportation costs, if demand increases
to produce ethanol, this determines a stronger link between the energy and agricultural
markets. They indicate how many products necessary for agricultural are energy-intensive,
especially fertilizer, and in this way the rising energy prices increase the production costs.
In addition, transportation costs raise oil prices, which can also cause an increase in raw
material prices. Agricultural prices not only increase, but given the link between oil and
food prices volatility shocks in fuel prices will also produce larger shocks in food price
volatility. Economic literature has long studied the transmission of price shocks between
different markets, especially financial and energy markets and, starting from 2008, also food.
With reference to the 2008 crisis, Jebabli et al. (2014) analyze the spreading of price shocks
between the food, energy and financial markets and show how volatility spillovers increase
considerably after that date, when stock markets become net transmitters of shocks and
crude oil becomes a net receiver. In fact, their results identify the presence of low volatility
spillovers from crude oil to most food yields. Their findings highlight the main role played
by the 2007–2008 financial crisis in focusing the spreading of shocks from crude oil or equity
markets to food. In a recent analysis, Jebabli and Roubaud (2018) when analyzing food and
energy markets consider the weak-form efficiency of spot and daily futures prices. The
results indicate that all commodities show long-term efficiency and short-term inefficiencies
whose explanation can be found in global economic conditions such as the global financial
crisis of 2008, the financialization of commodity markets and the fluctuations in crude
oil prices. An et al. (2021) indicate how the rapid growth of biofuel production has led
to a choice between food and fuel. In fact, the use of agricultural commodities as inputs
to produce fuels increases prices and volatility in both the food and fuel markets. Serra
(2011) examines the linkages between crude oil, ethanol and sugar prices in Brazil. Since
the levels of all the prices of the commodities examined are linked in the long term by
an equilibrium parity, she shows that these links cause ethanol prices to rise with the
increase in both crude oil and sugar prices. Algieri and Leccadito (2017) investigate the
risk of contagion from commodity markets to the entire economy and between different
sectors. This is because the financialization and integration of commodity markets expose
the economy to potential contagion risks, for example adverse shocks affecting one or more
commodity markets. Their results show that for energy and metal markets contagion risks
are triggered primarily by financial factors, while for food markets they are triggered by
financial and economic factors. Furthermore, they indicate how a transmission mechanism
occurs from energy to food markets: oil is more important than biofuels in influencing
food markets. Finally, they conclude by stating that tail events tend to spread from the
commodity markets to the rest of the economy, both when risks derive only from financial
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factors and when they derive jointly from financial and economic fundamentals. In contrast,
when risk measures are derived from economic fundamentals, only commodity markets
can lead to economic instability. Mensi et al. (2013) investigate the return and volatility
link between the S&P 500 index and commodity price indices, like energy, food, gold
and beverages, in the turbulent period 2000–2011. In terms of yield and volatility, the
results show an important transfer between the S&P 500 and raw material markets. In the
analysis of volatility spillover mechanisms between the markets, they show a significant
correlation and the transmission of volatility between commodity and stock markets.
Instead, Khalfaoui et al. (2021) examine the dependence structure between pars of energetic
and non-energetic goods at different frequencies and quantiles in joint returns distribution,
and illustrate a significant low dependence between the energy commodities, like coal,
crude oil and natural gas, and non-energy, such as metals, agriculture and fertilizers, on
different frequencies and quantiles, between 1960 and 2019. Furthermore, some non-energy
commodity markets have a neutral relationship with global energy markets.

The link between energy and financial markets in EU has been analyzed in recent years.
Gong et al. (2021) study the impact of different oil shocks on oil price and show that oil
inventories and speculative demand have more significant effects on price fluctuation than
aggregate demand and supply of oil. Fang and Shao (2022) show how the Russia–Ukraine
conflict significantly increases the volatility of agricultural, metals and energy markets
through both economic and financial channels. Wang (2022) jointly studies the efficiency
and connection of the commodity market. He examines the link between energy (Brent
and TTF futures), industrial metals (aluminum, copper, lead, nickel, tin and zinc futures)
and financial markets in the EU (FTSE 100, CAC 40, DAX and Bitcoin). The analysis shows
that as markets “become turbulent, the flow of information increases in both efficient and
less efficient markets, but efficient markets capture and send more information than less
efficient markets”.

Adekoya et al. (2022) examine the Russian–Ukrainian war from the point of view of
the financial market’s performance. The war led to a shock in the supply of crude oil and a
consequent increase in its price. They show how the connection is greater during the war
than before. Nerlinger and Utz (2022) analyze the stock price of energy companies and
show that these companies during the conflict outperformed the stock market. Alam et al.
(2022) analyze the effects of the conflict on the dynamic connection between five commodity
markets, the G7 and the BRIC markets, showing how the impact on returns and behavior in
terms of volatility are dissimilar between neighboring, EU, and non-neighboring markets.
However, they indicate a market connection between all raw materials and markets, G7
and BRIC. Kumari et al. (2023), Obi et al. (2023), Clancey-Shang and Fu (2023) and Martins
et al. (2023) analyze the market reaction to the Russia–Ukraine conflict using event study
methodology. Kumari et al. (2023) find an adverse event day impact on EU stock market
indices. Furthermore, Obi et al. (2023) show that abnormal losses in the initial period
of the conflict were large and persistent in the G7 market and volatility persistence was
widely present. Clancey-Shang and Fu (2023) compare the market responses of foreign
and US firms to the outbreak of war, and show that foreign stocks listed in the US suffer a
greater deterioration in market quality than US stocks. They note how this effect is strong
for companies from countries considered closer to Russia, and attribute these results to
the information asymmetry hypothesis regarding the quality of the market which is more
vulnerable to international geopolitical risk. In the same field, Martins et al. (2023) examine
the market impact of the onset of war on major European listed banks by observing a
negative and statistically significative reaction in stock prices at and around the conflict.
In addition, they indicate that the reaction is more negative for Russian-listed banks and
for foreign banks with exposure to Russia. Bagchi and Paul (2023) analyze the effects of
increase in crude oil prices on the stock returns and currency exchange rates in the G7
countries and show how the continued increase in hostilities between Russia and Ukraine
and the resulting conflict has had a global impact in terms of its long-term effect in the
volatility of stock price returns and exchange rates.
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Tosun and Eshraghi (2022) document a statistically and economically significant
market sanction imposed by investors on Reminders, which they attribute to “negative
sentiment regarding companies that maintained their trade ties with Russia” after the
February 2022 invasion. The Russian–Ukrainian military conflict resulted in a marked
increase in geopolitical risk, and the economic sanctions imposed on Russia have damaged
its economy. This uncertainty has spread to the global economy, as is evident from a sharp
rise in global energy and commodity prices.

Umar et al. (2022) investigate the impact of geopolitical risk, GPR, generated by the
Russia–Ukrainian conflict on both European and Russian bond, equity and commodity
markets. The results “indicate that most assets show a mix of negative and positive
relationship with GPR” and therefore this produces changes in asset returns under normal
market conditions. Wang et al. (2022) evaluate the transmission of yields and commodity
volatility in the period of war in Ukraine and show that return spillovers increase. During
conflict, crude oil was a net transmitter of the return, while wheat and soybeans clearly
receive the return spillovers. The spillover index volatility rises from less than 35% to 85%
immediately after the start of the war.

3. Materials and Methods

Quantile regression, starting from the fundamental work of Koenker and Bassett
(1978), is an increasingly used tool for risk analysis in many economic fields (White et al.
2015; Adrian and Brunnermeier 2016; Hardle et al. 2016). Quantile regression estimates
model conditional quantile functions. It presents a mechanism for estimating models for
the conditional median function, and other conditional quantile functions (Koenker 2005).
The objective function to be minimized is the following:

Q(βq) = ∑N
i:yi≥X′

i β
q|yi − X′

i βq|+ ∑N
i:yi<X′

i β
(1 − q)

∣∣yi − X′
i βq (1)

QVAR is a generalization of the univariate quantile autoregression model proposed
by Koenker and Xiao (2006). We combine the model of Chavleishvili and Manganelli
(2019) and the triangular structure proposed by Wei (2009) to address the multivariate
quantile issue. Wei’s approach is important because it provides the multivariate quantile
counterpart of Cholesky decomposition. The dynamic properties of the systems change
through the quantiles that describes the univariate distributions. Hallin and Siman (2017)
review the literature on extensions of traditional single-output quantile regression methods
to the multiple-output setting.

We say that {Yt} follows a QVAR (1) process if the recursive θi quantile of Yit can be
written as:

Qθ1(Y1t|Ω1t) = ω1(θ1) + α11(θ1)Y1,t−1 + α12(θ1)Y2,t−1 + . . . + α1n(θ1)Yn,t−1
Qθ2(Y2t|Ω2t) = ω2(θ2) + α021(θ2)Y1t + α21(θ2)Y1,t−1 + α22(θ2)Y2,t−1 + . . . + α2n(θ2)Yn,t−1

...
Qθn(Ynt|Ωnt) = ωn(θn) + α0n1(θn)Y1t + . . . + α0n,n−1(θn)Yn−1,t + αn1(θn)Y1,t−1

+αn2(θn)Y2,t−1 + . . . + αnn(θn)Yn,t−1

(2)

for any θi ∈ (0, 1), i ∈ {1, . . . , n}. When n = 1, this simplifies to the quantile autoregressive
process of Koenker and Xiao (2006).

For a sequence of n-vectors of i.i.d. standard uniform random variables {Ut}, the
QVAR process (1) can be written as:

Yt = ω0(U t) + A0(Ut)Yt + A1(Ut)Yt−1 (3)

such that each Yit, given the recursive information set of Definition 1, is monotonically increasing
in Ut. Defining the terms ν(Ut) =

[
I− A0(Ut)]−1ω0(Ut) and B(U t) =

[
I − A0(Ut)]−1 A1(Ut) ,

the QVAR process can equivalently be written as Yt = ν(Ut) + B(Ut)Yt−1.
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To further understand the link with the traditional VAR, the QVAR model (2) can be
interpreted as a VAR model with time series dependence in the error structure:

Yt = ω0 + A0Yy + A1Yt−1 + εt (4)

where ω0 = E(ω(Ut)), Ai = E(Ai(Ut)) for i = 0, 1, εt = ω(Ut)− ω0 + (A0(Ut)− A0)Yt +
(A1(Ut)− A1)Yt−1. If the data-generating process was a standard VAR with i.i.d. inno-
vations, then the innovations would simplify to εt = ω(Ut) − ω0, which in fact is an
i.i.d. sequence.

4. Results

The QVAR(1) models the interaction between wheat and TTF commodity market and
financial variables in Europe, Eurostoxx 50 index. In the analysis, to estimate the contribu-
tion of Russia’s most exported commodity markets we use daily data from 25 February
2019 to 28 September 2023, for 1156 observations. All data are taken from Datastream.

The variables used are the EuroStoxx50 index, given that it is a benchmark to quantify
European economic activity, and the daily closing futures prices of energy (TTF Dutch
gas markets) and food (wheat). We restrict analysis to a small set to avoid overfitting the
data and to analyze possible link to Russia. The structural identification assumption we
impose on the model implies that financial variables can react simultaneously with real
variables, but the latter react to financial developments only with a lag. This is consistent
with Cholesky’s identification, according to which shocks to real economy variables can
have an immediate impact on financial variables, while shocks to financial variables can
affect real variables only with a lag.

Figure 1 shows the trend of the wheat and Dutch TTF prices. It is possible to note how
starting from the end of 2021, a few months before the start of the invasion of 24 February
2022, the prices of the two commodities begin to increase, although more markedly for gas.
As mentioned in the introduction, Russia and Ukraine are both high-exporting countries
for wheat, and the Russian gas, which represent a prominent percentage for Europe, mainly
reaches the latter through Ukraine.

Table 1 shows that the prices of commodities, wheat and Dutch TTF gas, are both able
to significantly determine the value of the Euro index, both in the lower (0.01 and 0.05) and
in the higher (0.95 and 0.99) quantiles. The relationship is positive, although it is stronger
for wheat futures. However, both commodities are able to positively determine the value of
the euro index even if with different intensity, higher for wheat and lower for gas. On the
other hand, analyzing the inverse relationship, if and how the Euro index is able to change
the price of the two commodities, it can be seen that also in this case the relationship is
direct. In general, an increase in the index determines an increase in commodity futures,
albeit with one exception, wheat at quantile 0.01, but the result is not significant. In this
case, it can be concluded that the index determines the value of wheat futures only for
higher quantiles (price increases), and of the TTF only for lower quantiles (price decreases).
The Wald test confirms the validity of the model.
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Table 1. Quantile regression between Eurostoxx and wheat, Dutch TTF.

Eurostoxx 50—Wheat and TTF

taus

0.01 0.05 0.95 0.99

Wheat
0.30846 *** 0.23613 *** 0.29235 *** 0.28593 ***

(0.4130) (0.2190) (0.00814) (0.00633)

TTF
0.06966 *** 0.05829 *** 0.06545 *** 0.06071 ***
(0.01188) (0.00823) (0.00821) (0.00146)

Wheat and TTF—Eurostoxx 50

taus

0.01 0.05 0.95 0.99

Wheat −0.12725
(0.21221)

1.66857 ***
(0.56462)

1.60796 ***
(0.09548)

1.87666 ***
(0.11383)

TTF 4.51014 ***
(0.030943)

5.63083 ***
(0.41008)

1.97677
(1.35020)

2.34817 ***
(1.21809)

Notes: *, **, *** indicate statistical significance at 10%, 5%, 1%, respectively.

The estimated quantile coefficients of QVAR and the corresponding OLS estimates are
reported on Figure 2. In the interaction between commodities and Euro index variables, we
note the presence of asymmetries in wheat and Dutch TTF α12 coefficients, which cannot be
detected with standard OLS model and show how commodity markets affect the left and
right tail of financial markets. In Figure 3, we report a three-dimensional quantile impulse
response function. This shows how the effects of the shock are limited and positive for
upper quantile and negative for lower, both for wheat and Dutch TTF.
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5. Conclusions

The Russia–Ukraine conflict has affected commodity markets through both economic
and financial channels and has significantly increased the risk of volatility. In fact, this
is greater for raw materials, agricultural products and energy, with a higher global share
of exports. Secondly, the impact of the conflict and the risk of volatility on commodity
markets is further amplified for those countries, such as EU, neighboring and showing
greater trade with the two adversaries.

The results obtained from the QVAR analysis show the presence of a positive and
direct relationship between the variables considered: the wheat futures prices and the TTF
gas futures prices determine the trend of the Eurostoxx 50 index. In particular, the wheat
futures prices show a greater effect on the stock market index than the TTF gas futures
prices. The inverse relationship also appears to be confirmed, and therefore the Eurostoxx
50 index determines the price trend of the two commodities. The validity of the model
is confirmed by the Wald test. The analysis carried out also shows that the relationship
between the stock market and raw material prices was present even before the conflict:
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however, it emerges that the direct relationship (influence of wheat and natural gas futures
prices on the Eurostoxx 50 index) has grown stronger starting from March 2022. This
trend is confirmed above all with reference to the highest quantiles, i.e., those relating to
price increases.

These results are important for both investors and politicians to be able to make in-
formed decisions, especially when geopolitical tensions make supply of many commodities
discontinuous and consequently exacerbate their global prices, as happened with the price
of TTF gas, making its impact dissimilar. Moreover, the analysis shows that countries
closely associated with the nations with geopolitical tensions have an immediate and
explicit impact. This is because the actions of countries with geopolitical tensions have
crucial implications on the performance of countries that depend on them (Adekoya et al.
2023). We can hypothesize interventions that allow us to mitigate the distorting effects
deriving from this correlation. The interventions and the tools to avoid a growing spiral
of commodity prices, which then spill over onto the stock markets, could be traced back
to a careful use of derivative financial instruments, which, by fixing the future price of
commodities, allow an interruption of the tautology. There are still many necessary areas
to examine for further studies, because the Russia–Ukraine conflict can also impact other
financial markets in countries that are geographically distant but have significant trade
with those in conflict. For policymakers, analyses suggest that the role of the commodity
market during periods of geopolitical tensions, if well governed, can ensure better stock
market performance.
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