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Abstract: The integration of commodities into stock exchanges marked a pivotal moment in the
analysis of price dynamics. Commodities are essential for both daily sustenance and industrial
processes and are separated into hard commodities, like metals, and soft commodities, such as agri-
cultural produce. This paper provides a review of the relevant literature concerning the implications
of commodity price volatility on commercial and financial landscapes, recognizing its profound
impact on global economies. Drawing from Google Scholar and Science Direct, we analyze trends in
academic publications until 2022, particularly focusing on the interplay between volatility spillover
and ten different commodities, providing insights into the evolution of research paradigms over time.
In a nutshell, the literature suggests that relationships between hard commodities are stronger since,
in addition to being raw materials, they also serve as investment products. For the same reason,
relationships between agricultural products appear to be relatively weaker.

Keywords: volatility spillover; gold; silver; aluminum; copper; platinum; oil; gas; soybeans;
corn; wheat

JEL Classification: G11; G12; G13; G20

1. Introduction

Commodities are the main input in a variety of processes, either as raw materials for
manufacturing, food, and survival or as parts of a product, with their importance growing
over time, as they are key in economic growth and are expected to greatly support the
green transition. These goods are usually divided into two basic categories: hard and
soft. Specifically, hard commodities include metals (e.g., gold) and energy (e.g., natural
gas), whereas soft goods are agricultural and livestock products such as corn and wheat
(UNCTAD 2023).

Commodities and their means of exploitation have long been one of the main themes
in the economic literature as to how the latter should be better managed. From the early
works of Karl Marx (2016) to the neo-liberal economic approach of Milton Friedman
(Milton 2007) in the Chicago School, as well as the recent works of globalization (Lang 2006)
and de-globalization (Stiglitz 2017), commodities have constantly been on the economic
agenda. At the same time, a country’s dependence on goods, conditional on its natural
resources, can potentially define it in terms of economic prowess. In particular, it is a fact
that phenomena such as unemployment and low rates of production processes are directly
linked to dependence on goods (UNCTAD 2023).

Commodities have seen a recent resurgence in popularity since the beginning of the
21st century, as they have been introduced to exchanges, and their standardization as
financial market products is a milestone creating measurable volatility with regard to their
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price behavior. For this reason, there has been a strong investor interest in commodities
and their investment potential (Basak and Pavlova 2016). However, the modern era is also
characterized by high levels of volatility, which is evident both in financial markets and the
global economy.

The effects of commodity price volatility become evident in the prices of various goods,
stock markets, certain indices, stock markets, exchange rates, and a variety of different
variables (Chevallier and Ielpo 2013; Gao et al. 2021; Hegerty 2016; Malik and Hammoudeh
2007; Mensi et al. 2017b; Sumner et al. 2010). Given that, as already discussed, these goods
play an important role in the daily life of the global populace, it is understandable that
price volatility affects not only the raw materials themselves but has a strong impact on
the rest of the supply chain. For this reason, researchers frequently deal with the behavior
of prices and the implications these may have. At the same time, for both practical and
academic purposes, it is also of great importance to highlight the source of this volatility,
given that the effect can be self-inflicted (e.g., higher oil price volatility due to conflict or
due to production issues) in some cases, while in others the impact may spill over from
other commodities.

In this research paper, our aim is to examine the sources of volatility in commodities
and, in particular, any spillovers between commodity types. As such, we have collected
all available bibliographies concerning the interdependence of the volatility of major
commodities, both between themselves as well as other financial and economic markets.
This survey aims to assist both academics and professionals in summarizing the existing
knowledge on the relationship between the markets and to explore any potential gaps that
exist concerning the matter.

The following section outlines the methodology used to obtain the relevant research
papers on the topic, while the next two sections provide the results for both soft (agricul-
tural) and hard (metals and energy) commodities. Overall, the results suggest quite a lot
of interplay between commodity prices, something that will be outlined in the coming
sections.

2. Methodology

The research was carried out using a specific methodological tool. In particular, me-
thodical research was conducted with the aim of selecting data from reliable sources, as
is common practice in the literature (Jan et al. 2023). This tactic presupposes the defini-
tion of specific keywords that are relevant to the subject of the research. In addition, it
requires the search and selection of the literature through which the necessary data are
retrieved (Saunders et al. 2009). The bibliographic review has as its main axis the critical
utilization of the already existing scientific knowledge, aiming to cover the bibliographic
gaps (Tranfield et al. 2003). At the same time, the methodological tool in question has the
possibility of determining cognitive limitations and submitting proposals for further study.
The choice of the specific method for the present research was made as the contemporary
literature uses different tactics. This results in existing data coming from primary research.
Thus, this particular study fills the gap by investigating the existing data.

Therefore, the present research uses a literature review as a methodological technique,
with the aim of selecting existing data and classifying them according to the content as
well as the perspectives for future study. In detail, Figure 1 shows the steps of the method,
which include searching the data, checking the relevant publications, selecting the scientific
articles and recording them in summary tables. Additionally, Figure 1 graphically displays
the number of academic publications per year for the “volatility spillover” and “gold”
combination. It is important to note that the main purpose of gathering the data is to record
research knowledge on the topic in question clearly and to identify directions for further
research.

The data collection for the present study was carried out using two electronic tools,
Google Scholar and Science Direct. In particular, Google Scholar is one of the most popular
search engines for academic publications, and it covers findings of a global scope. In
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addition, it offers numerous research publications regarding management and finance
issues (Amara and Landry 2012) In addition, a variety of academic articles is sourced from
Science Direct. In particular, it is considered an online site that provides academic findings
that are published by the publishing house Elsevier. For this reason, it is a reliable source
of data for the business and finance industry (Charoenthammachoke et al. 2020).

* Academic articles found through Google Scholar
gy © Total number: 24,562

* Time-limited review of academic articles
* Total number: 23,938

* Final selection of unique academic articles based on title,
introduction and conclusions

* Total number: 126 )

* Gathering and recording the data in a summary table
Register

€<€€L<

Figure 1. Methodology flow chart.
2.1. Search for Academic Articles

The search for the data was carried out using the online tools Google Scholar, while
various findings come from publishing houses such as Springer, Elsevier, and Emerald.
The search used only published academic articles on the subject. The keywords that were
used to search the data are descriptive of the topic and the loads selected to be studied.

Va7 ”ou

In particular, these words were “volatility spillover”, “gold”, “silver”, “aluminum”, “copper”,
“platinum”, “oil”, “natural gas”, “soybeans”, “corn”, and “wheat”. At this point, it is necessary
to note that, during the research, combinations of the keyword “volatility spillover” were
used with each of the above commodities. Therefore, the total combinations are ten and
indicatively have the following form: “volatility spillover” and “gold.” In particular, the
total number of results when searching for the above combinations in Google Scholar is

24,562. Table 1 presents the search results in more detail.

Table 1. Search results.

Keywords Google Scholar Results
Volatility spillover, gold 4.867
Volatility spillover, silver 1.440
Volatility spillover, aluminum/aluminum 731
Volatility spillover, copper 1.230
Volatility spillover, platinum 604
Volatility spillover, oil 9.230
Volatility spillover, natural gas 2.200
Volatility spillover, soybeans 900
Volatility spillover, corn 1.630
Volatility spillover, wheat 1.720

Total 24.562
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2.2. Review of Peer-Reviewed Articles

The results of the initial search include published academic works of various years.
Therefore, a selection of articles was then carried out, which were published in the last
twenty-five years or so, namely from 1998 to 2024. The number of results is smaller
compared to the initial search, as 23,958 appear in Google Scholar. Table 2 shows the results
of the relevant publications in detail.

Table 2. Time-limited search results.

Keywords Google Scholar Results

Volatility spillover, gold 4777
Volatility spillover, silver 1.420

Volatility spillover, aluminum/aluminum 695
Volatility spillover, copper 1.210

Volatility spillover, platinum 579
Volatility spillover, oil 8.950
Volatility spillover, natural gas 2.170

Volatility spillover, soybeans 867
Volatility spillover, corn 1.600
Volatility spillover, wheat 1.690
Total 23.958

2.3. Selection of Academic Articles

The initial search based on the general keywords indicated a large number of published
articles having “volatility” or “spillover” in their topic. To ensure that each article in this
study was relevant to the researched domain, the abstract, key words, and introductory
section were manually evaluated by the authors. This allowed us to exclude false positives,
i.e., articles that include the terms “volatility” and “spillover” in the title, abstract, or
keywords but are unrelated to the domain under study.

In this way, the data for each project were checked thoroughly. Afterward, three
academic experts were assigned the task of re-evaluating the listed documents. Then, the
final selection was based on the presence or absence of the keywords in two main parts of
the academic works. Thus, it was deemed necessary to have these words in the title and
summary of the publications. This resulted in 119 unique articles being isolated from the
Google Scholar and Science Direct search. This resulted in the following number of articles,
as can be observed in Table 3.

Table 3. Final results from Google Scholar and Science Direct.

Google Scholar and Science Direct Results in

Keywords Numbers
Volatility spillover, gold 38
Volatility spillover, silver 20
Volatility spillover, aluminium/aluminum 12
Volatility spillover, copper 18
Volatility spillover, platinum 11
Volatility spillover, oil 50
Volatility spillover, natural gas 19
Volatility spillover, soybeans 15
Volatility spillover, corn 20
Volatility spillover, wheat 17
Total 220

Given that some studies examine more than one commodity, they appear as duplicates in the current table. Thus,
the total number of articles included is 126.

2.4. Data Records

The gathering and recording of them was carried out using Excel, where summary
tables were created according to the commodities. Specifically, the tables in question contain
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information related to the selected scientific articles. The author, the year of publication, the
title of the article, the name of the scientific journal, the econometric method, the frequency
of data collection, the period, the place of interest, and the results of each research are
recorded in detail. It is important to note that the data in the scientific articles come from
1980 to 2024.

As we can observe from Table 4, the majority of the papers have been published
in journals related to energy and resources thematics; however, due to the econometric
approaches that volatility spillover is using, research has also appeared in econometric or
financial journals.

Table 4. Number of published papers per journal.

Number of Publications

Journals per Journal

African Journal of Agricultural Research

Agricultural & Applied Economics Association

Agricultural and Resource Economics Review

Agricultural Finance Review

Annals of Economics and Finance

Annals of Operations Research

Applied Economics

Applied Economics Letters

Applied Energy

Applied Financial Economics

Economic Analysis and Policy

Economic Modelling

Energies

Energy

RO NN P WOININ|=R PP =,]W

Energy & Environment

—_
[

Energy Economics

Energy Finance

Energy Policy

Energy Reports

Ensayos sobre POLITICA ECONOMICA

Environmental Economics and Policy Studies

Eurasian Economic Review

Finance Research Letters

Food Policy

Global Finance Journal

International Economics

International Journal Of Business and Finance Research

International Journal of Business and Globalisation

International Journal of Emerging Markets

International Journal of Finance and Economics

International Journal on Recent Trends in Business and Tourism

B = N = === NN =R Q=== =] W

International Review of Economics and Finance
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Table 4. Cont.

Number of Publications

Journals per Journal

International Review of Financial Analysis

N

Journal of Agricultural and Resource Economics

—

Journal of Agricultural Economics

—_

Journal of Business Economics and Management

Journal of CENTRUM Cathedra: The Business and Economics
Research Journal

—_

Journal of Cleaner Production

Journal of Commodity Markets

Journal of Economic Studies

Journal of Futures Markets

Journal of International Financial Markets, Institutions and Money

Journal of International Money and Finance

Journal of Multinational Financial Management

Journal of Natural Gas Science and Engineering
Journal of Public Affairs

North American Journal of Economics and Finance

Physica A: Statistical Mechanics and its Applications

W W (R R =R =N =|=]DN]W

Research in International Business and Finance

—_
o)

Resources Policy

Review of Quantitative Finance and Accounting

Risks

Tactful Management Research Journal

The Journal of Applied Business Research
The Journal of Future Markets
Sum 126

[ B I R

As our research has revealed, the matter of volatility spillover has been highly re-
searched over the years, and we see a clear increase in publications between 1998 and 2024
in Figure 2. Regarding the publishing houses that publish research papers concerning the
matter, we have found that the majority of them are under the auspices of the Elsevier
publishing house, as can be seen from Table 5.

Accordingly, we counted the research methodologies that each paper is using in order
to establish the volatility spillovers (see Table 6). In particular, we group the methodologies
into groups of methodologies that assist in clarifying the nature of the underlying method-
ology. We underline here that if a study has employed more than one methodology (e.g.,
GARCH and spillover index), this was counted in both categories.

The most popular methodology in the surveyed papers is the GARCH family of
models, which includes studies that have employed either the Generalized AutoRegressive
Conditional Heteroskedasticity (GARCH) model or one of its variants (e.g., BEKK, GARCH-
in-mean, etc.). As the table shows, the GARCH model family, given its, by construction,
inherent ability to capture volatility, has been the main workhorse of the literature across
all types of commodities.
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Number of Publications Per Year
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Figure 2. Number of academic papers published per year.

Table 5. Number of papers per publishing house.

2014

2015 I

2016

~

2019 I
2020 I

2021 I
2022 I

2023 M
2024 m==

201
2018

Publishing House Number of Published Papers
Agricultural & Applied Economics Association 3
Annals of Economics and Finance 1
Cambridge University Press 1
Clute Institute 1
Elsevier 87
Emerald Publishing 4
Inderscience 1
Laxmi Book Publication 1
Lincoln University College 1
MDPI 5
Sage 1
Springer 4
Taylor & Francis 6
The Institute for Business and Finance Research 1
The Journal of Western Agricultural Economics 5
Association

VILNIUS TECH 1
Wiley 6
Sum 126

The second most popular methodology is the Vector Autoregression (VAR) model
family, which can employ impulse response functions, variance decompositions or historical
decompositions, as well as other estimates (e.g., rolling windows) to reach its conclusions.
The third most popular methodology employs the spillover index of Diebold and Yilmaz
(Diebold and Yilmaz 2009), which specifies spillovers in a Vector Autoregression setup, in
particular, using a variance decomposition. While the spillover index is, naturally, a subset
of VAR models, we report it separately as it uses only one of the VAR outputs, while other
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papers focus on different aspects of the methodology. Other methodologies employed by
the literature include Granger-causality studies and copula models, as well as frequency
domain setups, along with other, even less popular methodologies such as non-linear types

of estimations and Markov chain models.

Table 6. Research methodologies.

. Number of . Number of
Commodity Studies Methodology Commodity Studies Methodology
18 GARCH Family 11 GARCH Family
6 Spillover Index 1 Spillover Index
2 Causality models Natural Gas 1 Non-linear models
Gold 1 Non-linear models 4 Frequency Domain models
2 Copula models 6 Vector Autoregt:essmn Model
Family
7 Frequency Domain models 9 GARCH Family
8 Vector Autoregl:essmn Model 1 Spillover Index
Family Soybeans
8 GARCH Family 1 Causality models
3 Spillover Index 2 Frequency Domain models
Silver 1 Causality models 6 Vector Autoregr'essmn Model
Family
3 Copula models 13 GARCH Family
5 Frequency Domain models 1 Spillover Index
6 Vector Autoreglﬁesswn Model 1 Causality models
Family Corn
3 GARCH Family 1 Markov Chain Models
2 Spillover Index 1 Copula models
. 1 Causality models 1 Frequency Domain models
Aluminium ;
Vector Autoregression Model
2 Copula models 8 .
Family
2 Frequency Domain models 9 GARCH Family
5 Vector Aut(;raeri?le}s’smn Model 1 Spillover Index
8 GARCH Family Wheat 2 Causality models
2 Spillover Index 1 Markov Chain Models
1 Causality models 3 Frequency Domain models
Copper 1 Markov Chain Models 8 Vector Autoregljessmn Model
Family
2 Copula models 22 GARCH Family
2 Frequency Domain models 5 Spillover Index
4 Vector Aut(;raergnlitf}s,smn Model 5 Causality models
3 GARCH Family oil 1 Markov Chain Models
2 Spillover Index 2 Copula models
Platinum 2 Copula models 1 Non-linear models
5 Frequency Domain models 6 Frequency Domain models
5 Vector Autoregression Model 14 Vector Autoregression Model

Family

Family

If a study employs two methodologies, then this is included in both categories.

As already discussed, this study elaborates on the literature concerning the relationship
between the volatility of different assets. As a first step, we used VOSViewer, 1.6.20 which
enabled us to find the examined relationships that exist in the bibliography between
the different commodities. As Figure 3 shows, there are four distinct clusters in the
studies included in this paper. In particular, the majority of the studies study agricultural
commodities in relation to the energy markets (blue color). In a similar manner, the
bibliography focuses on the relationship between hard commodities (like gold, platinum,
silver etc.), as observed by the green color in the figure. Following this mapping, the
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remainder of this section examines more closely, at the commodity level, the relationships
that appear in the bibliography.

-
(Umplication J
(commodiy, )
(o) (invesior iy —
(o)
(Lcopper ) (iice,)
(eenerey,)
(Lglobal financial crisis )
ﬁﬁ
) (e —
(Lempirical resut )
ﬁ
(etine)
(pawslgas)  (counmy)

Figure 3. Density visualization of the relevant bibliography.

3. Results—Hard Commodities
3.1. Gold

Golds market is affected by a variety of factors. In particular, according to Figure 4,
precious metals such as silver and platinum have an obvious two-way effect on their prices
in global markets (Mensi et al. 2017b; Reboredo and Ugolini 2015; Uddin et al. 2019). At the
same time, energy commodities such as oil and natural gas play an important role in their
price change at the international level and in the last 30 years (Arfaoui et al. 2023; Behmiri
and Manera 2015; Guhathakurta et al. 2020; Jiang et al. 2022; Reboredo and Ugolini 2016).
Additionally, there is a strong influence of various commodity prices on the volatility of
the precious metal in India ( Sinha Roy and Sinha Roy 2017). Therefore, it is necessary to
point out that gold prices interact with each other. According to the literature, the New
York market exerts a significant influence on gold prices in Asia and, in particular, in Tokyo
and Shanghai (Wang et al. 2016).

Silver, Platinum,
Oil and EPU
prices volatilty

Gold price

volatility

Figure 4. Gold price volatility and its main determinants.

Then, the stock market exerts a significant influence on the volatility of the price of the
metal in question, as shown in Figure 5. In particular, during the period 2009-2014, the spot
and forward price of gold on the Indian Multi Commodity Exchange showed a significant
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impact on the market for the precious metal, which in turn increased import duties but
also the accuracy of domestic available reserves. It is crucial to add that the mobility of the
stock market indices shows a significant impact on yoAd’c price. In particular, the literature
reports that volatility is observed in the precious metal market when the S&P 500, STOXX
600, and EPU indices show movements in their prices since the 1980s (Balcilar et al. 2019;
Gao et al. 2021; Mensi et al. 2013, 2017b).

Influenced by Influencing

o Commodities

o Commodities

e Price of Natural Gas e Price of copper
e Stock Markets e Stock Markets

e SP500 e US

e STOXX600 e China
¢ Other Events ¢ India

e Financial Crisis 2007-2008 ® Brics

e Currency Exchange e Other

* Bonds

® Import customs

e Currency South American
countires

Figure 5. Relationships between the markets that transmit and the ones that receive volatility from
the prices of gold.

Modern researchers, examining the period since the 1990s, observed a strong influence
of the international financial crisis of 2007 on various commodities, which resulted in the
appearance of a changing price for gold (Chevallier and Ielpo 2013). In addition, another
major factor in gold price volatility appears to be the exchange rates. It is necessary to
note that exchange rate markets interact with each other as well as with the markets of
various goods (Hammoudeh et al. 2010; Kumar et al. 2022). Finally, the interest of various
scholars has been attracted to the monetary variables and the existence of correlation with
the gold market. Thus, the literature shows that there is an effect of monetary variables on
the price of the precious metal during the period 1986-2006 (Batten et al. 2010). However,
the influence that the volatile price of gold has on different variables is remarkable.

The literature time limits the effect of gold on other commodities from 1985 to the
present. In particular, the researchers observe a special correlation between the gold market
and other precious metals such as silver, platinum, and copper, while at the same time, it
seems to affect future prices (Antonakakis and Kizys 2015; Dutta 2018; Kang et al. 2017;
Oliyide et al. 2021; Umar et al. 2021). At this point, it is necessary to point out that precious
metal markets show significant interactions regarding their prices (Batten et al. 2015).
Additionally, oil prices are greatly affected whenever gold markets are volatile (Ewing and
Malik 2013; Maghyereh et al. 2017; Tiwari et al. 2021).

More recently, the war between Ukraine and Russia has pushed gold pressure on
other commodities, and a separate example of this pressure is wheat price volatility
(Wang et al. 2022). During the research of the BRICS markets, the volatility of the gold
price affects the South African exchange rate and inflation (Hegerty 2016). In conclusion,
the volatility of gold in the US and Japanese markets appears to interact with each other,
with the former market appearing to exert a stronger influence (Xu and Fung 2005).
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At this point, it is necessary to point out that the research on the behavior of gold
was carried out thoroughly and in both directions. Nevertheless, the relationship between
agricultural commodities and gold, as observed in Figure 6 and from the review so far, has
been under-researched. Given the political unrest of the current period, we would suggest
that future research would look into this area.

Figure 6. Relationship between gold and other relevant themes.

3.2. Silver

Silver, like any precious metal, exhibits a strong correlation with a variety of commodi-
ties, as shown in Figure 7. Of particular importance is the effect of oil on it. The literature
reports that sudden changes in the price of oil have a direct effect on the volatility of the
price of silver during the period 1993-2015 in international markets (Behmiri and Manera
2015; Reboredo and Ugolini 2016). Additionally, the relationship of all precious metals to
silver is important. In particular, the researchers, when examining the period 1986-2015,
noted that almost all metals (Batten et al. 2010; Reboredo and Ugolini 2015) influence silver.
However, the strongest interaction appears to exist between gold, aluminum, and silver
over the last 30 years (Antonakakis and Kizys 2015; Chevallier and lelpo 2013; Dutta 2018;
Uddin et al. 2019; Umar et al. 2021). In addition, silver is correlated with the price of an
agricultural product, corn. It is reported in the literature that the volatility of the price of
this agricultural product had significant effects on the silver market (Chevallier and Ielpo
2013).

Gold, Aluminium,

Silver price Oil and STOXX

volatility 600 volatilty

Figure 7. Silver price volatility and its main determinants.
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It is necessary to note that various financial indicators heavily influence its market.
In particular, the movement of the S&P 500, STOXX 600, and TSX indices approached the
interest of the researchers during the period under review from 2000 to 2016. The results of
the research show a strong pressure of these indices on the price of silver (Mensi et al. 2017b).
In summary, the market of silver shows a strong connection with the exchange rate. The
researchers, examining daily data, concluded that during the decade 1997-2007, the foreign
exchange market affected the change in the price of silver (Hammoudeh et al. 2010).

However, it is equally important to analyze the variables that affect the volatility of
silver prices. Like any precious metal, silver has a significant impact on hard commodities.
In particular, the literature reports that silver affects the price of gold, aluminum, copper,
and platinum when examining the period 1982-2019, while this relationship is strongly
displayed in the markets of China, Japan, and the USA (Batten et al. 2015; Chevallier
and lelpo 2013; Hu et al. 2020; Oliyide et al. 2021; Reboredo and Ugolini 2015; Xu and
Fung 2005). In addition, the mention of its effect during the war in Ukraine is noteworthy.
Contemporary research notes that silver, along with gold, copper, and platinum, are the
transmitters of volatility in commodities such as wheat (Wang et al. 2022).

A variety of studies then presents the connectivity of silver market volatility with stock
markets and financial indices. The effect of silver is felt in various financial institutions
inside and outside Europe, such as in Germany, France, South Korea, India, and the USA.
Researchers report that during and after the global crisis, precious metal price volatility
pressured financial markets (Tiwari et al. 2021; Vardar et al. 2018). Additionally, the STOXX
600 index is a shining example of the effect of silver on financial variables, especially
during the period 2000-2016 (Mensi et al. 2017b). Research reports that this precious metal
has a significant impact on solar energy businesses, specifically in the period 2011-2017
(Dutta 2019), as can be observed from Figure 8.

Influenced by Influencing

eCommodities

eCommodities

eCorn *Price of copper
eStock Markets *Price of Platinum
*SP500 eStock Markets
oTSX oUS
eOther *China
eCurrency Exchange eIndia
*Brics
eOther
*Bonds

emport customs
eCurrency South American countires

Figure 8. Relationships between the markets that transmit and the ones that receive volatility from
the price of silver.

However, scholarly research on silver market activity is relatively limited compared to
that of gold. The basic proposition of this bibliographic study is the future engagement
of researchers with the behavior of the price of silver in agricultural products and the oil
markets (primarily refined products) (see Figure 9).
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Figure 9. Relationship between silver and other relevant themes.

3.3. Aluminum

Aluminum, also known as aluminium, shows a weaker interaction with the rest of the
commodities, as can be understood from Figure 10. Specifically, according to the literature,
this precious metal is under pressure from the volatility of the price of zinc and lead
(Gong et al. 2022). At the same time, according to Figure 10, aluminum has a bidirectional
effect with silver and copper. In particular, the researchers have presented a correlation
of these three metals since 1985 (Chevallier and Ielpo 2013; Oliyide et al. 2021; Umar
et al. 2021). However, this relationship is noteworthy in the Chinese market, where the
literature states that the specific metals interacted with each other in the period 2009-2017
(Hu et al. 2020).

Aluminium Silver, Copper

and Oil price

price volatility volatilty

Figure 10. Aluminum price volatility and its main determinants.

Additionally, there is a significant correlation between the price of aluminum and the
volatility of the oil market. This relationship is also bidirectional and appears stronger from
2004 to 2015, according to Figure 10 (Behmiri and Manera 2015; Reboredo and Ugolini 2016;
Zhang and Tu 2016). In addition, the literature notes the significant influence of the 2008
international financial crisis on precious metal prices (Kang and Yoon 2016) (Figure 11).
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Figure 11. Relationships between the markets that transmit and the ones that receive volatility from

the price of aluminum.

However, it is also worth noting the variables that are affected by the volatility of the
aluminum price. The platinum and steel market is highly volatile because of the pressure
that they receive from the aluminum price (Chevallier and lelpo 2013; Hu et al. 2020; Umar
et al. 2021). At the same time, the researchers have examined the relationship between
aluminum and natural gas. They observed that the volatility of the aluminum market
directly affected the price of natural gas, especially in the period 1992-2015 (Chevallier and
lelpo 2013). Of particular interest is the influence of aluminum on agricultural products.
The literature reports that this particular metal results in wheat and soybean price volatility.
Equally important is the effect of the war between Ukraine and Russia. In the survey of the
period, aluminum is presented as a transmitter of volatility, directly affecting the prices of
various commodities (Wang et al. 2022)

It is necessary to make suggestions regarding the necessity of future investigation
of the aluminum market. This precious metal presents various research gaps as its price
behavior has been studied to a limited extent. Thus, a primary proposal for research
is the relationship of the aluminum market with the stock markets worldwide. These
investigations have, as a direct result, the understanding of the strong connection of various
commodities with financial institutions. At the same time, it is important to study the
behavior of the price of aluminum, taking as an impact parameter various stock indices
such as the S&P 500. In this way, basic literature gaps are covered regarding the causes and
consequences of the volatility of the aluminum market.

3.4. Copper

Continuing with the next commodity, copper is worth investigating. The markets of
this particular metal worldwide show strong interaction. In particular, the literature notes
that during the period 2000-2006, the spot price of copper in the Chinese market interacted
with the futures price of the commodity (Liu et al. 2008). At the same time, before the
onset of the global crisis in 20072008, the volatility of the price of copper on the London
Metal Exchange (LME) and the New York-based Commodity Futures Exchange (NYMEX)
resulted in the volatility of the copper market. On the Shanghai Metal Exchange (Kang and
Yoon 2016; Lee and Park 2020; Yin and Han 2013). However, during the international crisis,
while the above effects remain unchanged, it is observed that the Shanghai market (SHFE)
affects the LME and NYMEX yield spreads (Lee and Park 2020). After the financial crisis,
the SHFE copper price appeared to influence the corresponding market on the London
Metal Exchange (Figure 12), while the SHFE copper price appeared to be pressured by
NYMEX copper volatility (Yin and Han 2013).
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Figure 12. Copper price volatility and its main determinants.

In addition, the volatility of the futures price of copper on the London Metal Exchange
has a direct impact on the appearance of volatile futures prices of the metal at the global
level. In particular, the researchers report this phenomenon for the US and China markets
during the period 2003-2019. It is worth noting (Shen and Huang 2022) that at this point,
the fluctuating copper prices on the LME and NYMEX are affecting the Indian commodity
exchange (MCX). Thus, according to the literature, in the decade 2007-2017, the price of
copper in MCX showed strong volatility (Manisha 2017).

However, the relationship of copper with other commodities is of particular interest.
Various researchers have dealt with the effect of the price of various goods on the market
volatility of the metal in question. As shown in Figure 13, oil is one of the commodities
that obviously affects the price of copper, especially when investigating the period since
the 1990s and the Chinese metal market in particular (Behmiri and Manera 2015; Reboredo
and Ugolini 2016; Zhang and Tu 2016). In addition, volatility in the price of copper occurs
due to the volatile behavior of the gold market. Specifically, the literature notes that for
about 30 years, the unstable price of gold worldwide resulted in the volatility of the copper
market (Oliyide et al. 2021). It is necessary to point out that aluminum and silver behave
in a bidirectional manner with the specific metal, as shown in Figure 13. In particular,
aluminum and copper show a strong interaction (Chevallier and lelpo 2013; Hu et al. 2020).
At the same time, the volatility of the price of corn has an effect on the price of copper,
which seems to change during the investigation of the years 19922015 (Chevallier and
Ielpo 2013).

Next, it is worth investigating various exogenous variables that directly affect the
price of the precious metal. The US stock market news is a key driver of volatility in
commodity prices, specifically copper. In particular, researchers observed a strong influence
of new US financial institutions on the price of copper, especially in the Chinese metal
market (Fung et al. 2003). In addition, the global financial crisis in 2007, which saw
a sharp downturn in banking systems, also affected commodity prices. Therefore, the
price of copper experienced extreme volatility during that period (Kang and Yoon 2016;
Manisha 2017).

On the other hand, equally important are the factors that are affected by the change
in the price of copper. The literature reports that nickel and tin are directly affected by
the volatility of the copper market by using daily data (Gong et al. 2022). In addjition, the
researchers note that the price of steel shows strong volatility from 2007 to 2019 due to the
corresponding volatility in the copper market in China (Hu et al. 2020). Also, the volatility
of international copper prices has significant consequences for the economic actions of the
Asian country (Guo 2018). Concluding with the variables that are affected by the volatility
of the copper market, it is important to mention that the volatile price of the precious metal
in Brazil and Mexico has affected the exchange rate of these countries for about 35 years
(Hegerty 2016).
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Figure 13. Relationships between the markets that transmit and the ones that receive volatility from
the price of copper.

Nevertheless, it is worth noting that the copper market is suitable for further research.
Thus, one of the important gaps that arise in this particular literature study is the correlation
of the copper market with the volatility of certain indicators (see Figure 14). Considering
that modern studies deal with the interaction of metal markets, specifically with copper,
the existence of a relationship between the price of copper and stock market indices is
considered worthy of investigation. Also, the relationship between copper and agricultural
products is under-researched. Thus, future literature can shed light on this aspect.

Figure 14. Relationship between copper and other relevant themes.

3.5. Platinum

In summary, after analyzing the behavior of the precious metals market, it is worth
investigating the price of platinum. Its characteristic is that the platinum market interacts
with the price of oil, gold, and silver. Specifically, when analyzing the period since the
1990s, the literature reveals that the platinum and oil markets are affected in both directions,
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as can be understood from Figure 15 (Behmiri and Manera 2015; Reboredo and Ugolini
2016; Tiwari et al. 2021). Additionally, gold and platinum have a similar relationship. In
detail, the volatility of the price of one precious metal results in the volatility of the market
of the other.

Platinum price QOil, gold and

silver price

volatility volatilty

Figure 15. Platinum price volatility and its main determinants.

Thus, researchers analyzing this correlation noticed that for about 30 years, these
markets showed strong interaction (Antonakakis and Kizys 2015; Mensi et al. 2017b;
Reboredo and Ugolini 2015; Uddin et al. 2019). At the same time, it is worth noting that
platinum and silver attracted the interest of various scholars because of the relationship
they exhibited. In particular, in the last 20 years, the prices of these precious metals have
mutually influenced each other (Reboredo and Ugolini 2015; Uddin et al. 2019).

According to Figure 16, the volatility in the platinum price is also caused by the
volatility of the aluminum market. More specifically, the literature reports that, when
investigating the last 30 years, the fluctuating price of aluminum induces volatility in
the platinum market. Another commodity that affects the price of platinum is corn. Its
market shows various fluctuations during the period 1992-2015, an element that is reflected,
according to the researchers, in the price of platinum (Chevallier and lelpo 2013). Despite
this, the particular valuable is seriously affected by the prices of various financial indicators.
In detail, indices such as the S&P 500, the TSX, and the STOXX 600 strongly affect platinum.
Concluding with the factors that influence the price of platinum, various monetary and
financial variables have the above capacity (Batten et al. 2015).

Influenced by Influencing

e Commodities e Commodities

* Price of Aluminium e Price of Palladium

e Price of Corn e Price of Titanium
e Stock Exchange Markets ¢ Price of Brent Oil

e SP500

® TSX

e STOXX 600
e Other

¢ Monetary and financial
variables

Figure 16. Relationships between the markets that transmit and the ones that receive volatility from
the price of platinum.
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However, particularly important is the influence exerted by the price of platinum on
various commodities. In more detail, the price of palladium shows intense volatility during
the period during which it receives pressure from the platinum market. Additionally, the
literature reports that both titanium and crude oil are affected by platinum price volatility.
At this point, it is necessary to underline that these effects appear in the US markets and
during the research, which is conducted from 1990 to 2017 (Tiwari et al. 2021).

Additionally, the literature approach regarding the platinum market has aspects
that remain under-searched. In particular, research gaps are observed in the relationship
between platinum and the energy and agricultural markets (Figure 17).

Figure 17. Relationship between platinum and other relevant themes.

3.6. Oil

Oil, like gold, is a commodity for which thorough research has been carried out
regarding the reaction of their price to various stimuli, as well as the impact of their
volatility. However, the interaction of the oil market with the prices of precious metals is
of particular interest. In particular, it is observed that oil exhibits a stronger interaction
with gold than with the rest of the metals under consideration. This correlation appears
when investigating the period since 1990s and includes markets of global scope, with the
European Union, the USA, and the Gulf countries being prominent examples (Antonakakis
and Kizys 2015; Chevallier and lelpo 2013; Ewing and Malik 2013; Guhathakurta et al. 2020;
Maghyereh et al. 2017; Tiwari et al. 2021). Additionally, as shown in Figure 18, the literature
notes that oil market volatility is correlated with silver, aluminum, copper, and platinum
prices. The markets in which this interaction is more pronounced are those of China, Japan,
the European Union, and the USA over fifteen years, i.e., from 2000 to 2015 (Behmiri and
Manera 2015; Ji and Fan 2012; Oliyide et al. 2021; Zhang and Tu 2016). Another commodity
that has a bilateral relationship with the oil market is corn. In particular, the researchers
point out that for the decade 2007-2017, the two markets simultaneously acted in the same
direction. This has, as a clear result, the existence of a correlation between the volatility of
the price of these commodities (Du et al. 2011; Guhathakurta et al. 2020; Onour and Sergi
2012; Wu et al. 2011).
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Figure 18. Oil price volatility and its main determinants.

Moreover, the stock returns of Saudi Arabian and Iraqi financial institutions showed
a strong interaction during the survey, which was carried out in the period 2009-2018
(Ashfaq et al. 2019). Stock returns in the United Arab Emirates have a similar correlation
with oil stock prices in Korea (Ashfaq et al. 2019). The above reactions are justified by the
characterization of these countries as exporters and importers of oil. Therefore, commodity
prices and stock markets show a direct relationship.

At this point, it is necessary to point out that oil is under strong pressure from the
price of West Texas Intermediate (WTI) crude oil. This type of oil is a tool for pricing
oil. Therefore, WTI price volatility is a direct result of commodity market volatility (An
et al. 2020; Luo and Ji 2018; Mensi et al. 2021). However, this relationship has become
bidirectional in the Chinese and US markets due to the onset of the 2007 global financial
crisis (Xu et al. 2019).

As shown in Figure 19, the oil market interacts with financial institutions in the United
States of America. However, the researchers set a specific parameter for the existence of
this relationship. When using the data analysis models, specific events are defined, such as
a war conflict, and only then the two-way correlation between the price of oil and the US
stock markets is shown (Ewing and Malik 2016; Khalfaoui et al. 2019).

US Financial
Insitutions
prices volatilty

Oil price

volatility

Figure 19. Oil Price volatility and its endogeneity with the US financial markets.

According to Figure 20, the price of oil interacts with the Financial Distress Index. It is
noteworthy that researchers delineate their study temporally, taking into account the years
before and after the global crisis. Therefore, the results indicate that before the 2007 crisis,
the oil market influenced the price of this particular index, whereas, after the event, this
relationship reversed direction (Nazlioglu et al. 2015).
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Figure 20. Oil price volatility and its endogeneity with the financial distress index.

Furthermore, it is necessary to examine the factors that are responsible for the change
in the price of oil, as presented in Figure 21. The Saudi Arabian stock market influences
oil prices. When investigating the period 1994-2001, the literature notes that the volatility
of the global oil market occurs due to the effect of shares in the stock markets of the Arab
country (Malik and Hammoudeh 2007). Additionally, scholars cite the effect of S&P 500
stock index volatility on the price of “black gold”. In particular, this index shows a strong
influence on the global oil market from 2000 to 2011 (Mensi et al. 2013; Xu et al. 2019).

It is necessary to note that this particular market is highly sensitive to various political
and economic events. Some examples of such situations are the global financial crisis
of 2007 and the terrorist attack of September 11 in America. The effects of these actions
become evident in both commodity prices and stock markets (Kumar et al. 2022). At the
same time, the Organization of Petroleum Exporting Countries has attracted the interest
of researchers regarding its ability to influence oil prices. Thus, in a study, which was
carried out from 2000 to 2003 with daily data, the conclusions state that the organization’s
production decisions significantly affect the oil market (Mensi et al. 2014). In conclusion,
the literature links the price volatility of this commodity to the risk of EMMFs in the period
before 2008. However, after the global crisis, this effect weakens (Ewing et al. 2018).
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Figure 21. Relationships between the markets that transmit and the ones that receive volatility from
the price of oil.

On the other hand, there are a variety of variables that make the impact of oil price
volatility apparent. Natural gas is one of the commodities that react to the volatile “black
gold” market (Dai and Zhu 2022; Karali and Ramirez 2014; Zhong et al. 2019). A notable
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event is the “Shale Gas Revolution” in the USA, which was a transmitter of instability from
oil prices in the European natural gas market. However, researchers note that prior to the
above incident, the oil market was influencing natural gas prices in North America (Geng
et al. 2016; Lin and Li 2015). In addition, the volatility of the oil market carries its effects on
agricultural commodities. Commodities under investigation include wheat, barley, cereals,
corn, and soybeans. Various scholars thoroughly investigated the relationship between
oil and these products over 35 years (Dahl et al. 2020; Du et al. 2011; Guhathakurta et al.
2020; Mensi et al. 2014; Nazlioglu et al. 2013; Onour and Sergi 2012; Saghaian et al. 2018;
Yip et al. 2020).

Regarding stock exchanges, the countries in which these exchanges are located are
Japan, Norway, the United Kingdom, the USA, and Europe. In particular, the studies time
limit the influence of the oil market on institutions over 30 years, i.e., from 1985 to 2015
(Agren 2006; Arouri et al. 2012; El Hedi Arouri et al. 2011; Perifanis and Dagoumas 2018;
Zhang et al. 2020). In addition, the literature cites that the volatile oil market has serious
effects on the stock markets of the BRICS countries (Brazil, Russia, India, China, and South
Africa). Findings regarding the Indian financial market indicate that this pressure appeared
in 2009 and lasted for 7 years (Bouri et al. 2017; Kumar et al. 2019). At the same time, for the
rest of the countries of the BRICS organization, the duration of this influence has a starting
year in 2000 and a fifteen-year duration (Pandey and Vipul 2018; Raza et al. 2016).

At the level of stock market indices, the price of oil has a significant effect on the
electricity index. In addition, the effect of the oil market on the fertilizer market is partic-
ularly important. In particular, food commodities, the price of oil, sudden events in the
energy market, and changes in the prices of edible goods have a direct effect on the volatile
fertilizer market. Thus, a change is also observed in the prices of wheat and corn (Onour
and Sergi 2012). Concluding with the effects of the volatility of the oil market, it is worth
noting that this action affects the exchange rate around the world. The literature points
out that this effect was researched from 2005 to 2020 and is due to the close connection of
exchange rates with various commodities (Nekhili et al. 2021).

However, the research process on oil prices has some gaps. The present bibliographic
study proposes, as a future action, the investigation of the behavior of the specific energy
commodity with regard to sustainable development. Considering that this concept is
related to the environment and economic development, it is worth noting its relationship
with oil. Additionally, another suggestion for future research is energy storage and the
ways in which the price of oil can be changed with this process (Figures 22 and 23).

Figure 22. Relationship between the oil market and other relevant themes.
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Figure 23. Relationship between the oil price and other relevant themes.

3.7. Natural Gas

Another important energy commodity that is worth investigating in terms of its price
behavior is natural gas. As shown in Figure 24, the price of this commodity is affected
by precious metals, namely aluminum and coal. At the same time, coal has had a strong
influence on the price of natural gas in the European markets since 2008. At this point, it
is necessary to point out that the volatility of the coal price comes from the occurrence of
volatility in the coal market (Wu et al. 2020; Zhang and Sun 2016).
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Figure 24. Relationships between the markets that transmit and the ones that receive volatility from
the price of natural gas.

It is important to investigate the effect of stock prices on the commodity market. In
particular, the literature notes that the future prices of crude oil and heating oil affect the
natural gas market during the survey of the years 2005-2019 (Gong et al. 2021; Sehgal et al.
2013). Another important factor in the occurrence of volatility in the price of natural gas is
the pressure of the stock market indices. The volatile energy commodity market is a result
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of the volatility in the price of the CNI HSR, CNI EU, and CNI INF indices, which appeared
in 2010 (Dai and Zhu 2022). In conclusion, scholars associate natural gas market volatility
with the risk of EMMFs before the onset of the global financial crisis in 2007. However,
after 2008, there was a decline in this relationship (Ewing et al. 2018).

Nevertheless, the price of natural gas, in turn, has important consequences on a variety
of variables. Specifically, researchers present the effect of volatility in the price of natural
gas as a cause for the volatility of the crude oil market during the period 1994-2011 (Karali
and Ramirez 2014).

In addition, there is a spillover of natural gas price volatility into the EUA markets
(Dhamija et al. 2018; Xu et al. 2019). Next, it is worth noting that the price of the specific
energy commodity and the American stock markets show a short-term correlation (Geng
et al. 2020).

It is also noteworthy the fact of interaction, which the natural gas market exhibits
with oil, gold, and corn, as shown in Figure 25. More specifically, the markets of the
two energy commodities show a strong interaction both in terms of spot and forward
prices (Dai and Zhu 2022). At the same time, researchers researching the period 1992-2022
observed a strong correlation between the prices of natural gas and gold. It is necessary to
note that, during the COVID-19 era, this relationship is characterized as stronger (Arfaoui
et al. 2023). The last commodity with which the price of natural gas seems to interact is
corn. The direction of the correlation of their markets is characterized as bidirectional
(Etienne et al. 2016).

Oil, gold, corn

Natural Gas and fertilizers

price volatilty

Price volatility

Figure 25. Natural gas price volatility and its main determinants.

The price of natural gas was also investigated thoroughly in terms of its relationship
with the fertilizer market. Additionally, researchers note that these two markets influenced
each other over twenty years (Etienne et al. 2016). In addition, natural gas markets around
the world exhibit significant interdependence. In particular, the energy commodity’s spot
and futures prices, as well as the US and UK ETF markets, were highly correlated from
the start of the global crisis of 2007 to 2016 (Chang et al. 2018; Zhang and Liu 2018). It
is necessary to note that according to the literature, its markets at the European level are
strongly connected (Broadstock et al. 2020).

At this point, it is necessary to underline those studies on the natural gas market that
have literature gaps. For this reason, it is appropriate to list some suggestions for future
study. In particular, the price of natural gas is worth investigating in relation to the course
of energy utilities. Thus, the importance of the energy commodity in relation to the supply
of electricity becomes understandable. At the same time, the relationship between the price
of natural gas and the energy sector of the S&P 500 index is worthy of investigation (see
Figure 26). In this way, the influence of the index on the formation of the natural gas market
and the activity of the companies concerned is perceived.
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Figure 26. Relationship between natural gas and other relevant themes.

4. Results—Soft Commodities
4.1. Soybeans

The last category of goods investigated is agricultural products, with soybeans being
the main commodity. According to Figure 27, soybeans are strongly correlated with a
variety of commodities, stock markets around the world, and various variables. Precious
metals that affect the soybean market are gold and aluminum. Scholars, using daily data,
observe this effect (Chevallier and Ielpo 2013). Additionally, the literature highlights that
soybean price volatility is a result of the pressure exerted by the oil market. In particular,
in the last 30 years, the price of soybeans has shown unstable behavior when linked to oil
(Guhathakurta et al. 2020; Nazlioglu et al. 2013; Yip et al. 2020). Another commodity that has
a significant impact on the soybean market is rice. The literature notes that the price of rice
has a strong influence on the soybean market, making it volatile (Chevallier and lelpo 2013).
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Figure 27. Relationships between the markets that transmit and the ones that receive volatility from
the price of soybeans.
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Next, the effect that the stock market has on the price of soybeans is notable. The
researchers note that the international futures prices of the agricultural commodity in
question have a direct effect on the appearance of volatility in the price of imported
soybeans in China (Ma and Diao 2017; Sanjuan-Lopez and Dawson 2017; Zhao et al. 2010).
At the same time, the news of the American financial institutions is a main cause of volatility
in the price of soybeans. In more detail, scholars present the influence of these youth on
Chinese agricultural markets (Fung et al. 2003).

It is also notable that the price of soybeans is volatile as a variety of variables pressure
it. Specifically, after the global financial crisis of 2007, the exchange rate of the USD and
its unstable price had a great impact on the international soybean market. In addition,
soybeans in the local Chinese market are showing strong volatility, which comes from the
dominant agricultural exporters. The above occurs as these producers can adjust pricing.

However, the soy market, in turn, affects certain commodities and stock exchanges. In
particular, the volatility of the soybean market has a severe impact on the price of DDGS
wheat, an animal feed commodity (Etienne et al. 2017). In addition, spillover of soybean
price volatility is present in the crude oil market. After the end of the global crisis of
2007, agricultural commodities significantly affected the price of this type of oil in global
markets (Dahl et al. 2020). Concluding with the consequences of the volatile soybean
price, it is worth noting that Latin American financial institutions are significantly affected.
Researchers show that negative changes in agricultural commodity prices can exert severe
pressure on Latin American stock markets (Candila and Farace 2018).

Of particular interest are the two-way relationships of the soybean market with differ-
ent commodities. As shown in Figure 28, soybeans interact with two agricultural products,
corn and wheat. The literature findings highlight that the correlation of soybean market
volatility with corn is mainly found in the US during the period 1992-2015. In the case
of soybeans and wheat, scholars report that volatility spillovers between markets existed
from 1999 to 2016. Notably, this correlation is strongly found in US agricultural markets
(Hamadi et al. 2017).

Soybean Price CIEi) BT

Wheat price

volatility volatilty

Figure 28. Soybean price volatility and its main determinants.

However, the soybean price literature presents some research gaps. For this reason,
the present study lists suggestions for future research processes below. First, it is worth
investigating the relationship of the soybean price to the S&P GSCI Soybeans Index. In
this way, a check is made on the effect of the stock market index on the soybean price
and vice versa. Additionally, one more indicator that needs to be researched in terms
of its relationship with the soybean market is the producer price index (PPI). This index
provides information on various agricultural commodities and varies according to the
prices producers receive for their goods. Thus, the connection of this index with the price
of soybeans is examined.

4.2. Corn

The next agricultural commodity, which is of particular interest in terms of its volatility,
is corn. As shown in Figure 29, maize exhibits a strong interaction with a variety of variables.



J. Risk Financial Manag. 2024, 17, 365

26 of 35

The researchers emphasize that the variable prices of oil and corn are directly linked. For
this reason, their findings indicate that the markets of the specific commodities are affected
both ways and mainly in the USA (Du et al. 2011; Mensi et al. 2017a; Nazlioglu et al. 2013;
Onour and Sergi 2012; Yip et al. 2020). In addition, corn and natural gas show a similar
relationship. According to the literature, the prices of these commodities show volatility
when considered simultaneously since 1992 (Etienne et al. 2016; Yang et al. 2022). Then,
there is a particular correlation between the price of corn and crude oil, especially in the
US and China. The results of the studies note that this two-way energy in the Chinese and
American markets (Haixia and Shiping 2013; Jiang et al. 2015; Luo and Ji 2018; Saghaian
et al. 2018; Trujillo-Barrera et al. 2012; Wu et al. 2011).

Oil, Natural Gas,
Ammonia, ethanol

Corn Price volatility g

volatilty

Figure 29. Corn price volatility and its main determinants.

It is worth noting that the ammonia and corn markets show interaction. Scholars
showed a two-way effect, resulting in their volatility (Etienne et al. 2016). Additionally,
there is a strong interaction between corn and ethanol prices. The volatility of these goods
is shown mainly in the markets of China, the USA, and Brazil (Yosthongngam et al. 2022).
The last commodity, whose price moves depending on the corn market, is soybeans. The
literature reports that the prices of the two agricultural goods show a strong interaction
in the American markets. The corn market, as shown in Figure 30, is affected by a few
variables. In particular, the literature highlights that the price of corn is volatile as the
soybean oil market pressures it in the USA (Hamadi et al. 2017). At the same time, the
price of the specific agricultural good shows variability due to the purchase of fertilizers.
In more detail, fertilizer prices adjust the corn market for about 20 years internationally
(Onour and Sergi 2012).
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Figure 30. Relationships between the markets that transmit and the ones that receive volatility from
the price of corn.
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On the other hand, the volatile price of corn has the potential to cause a variety of
consequences. In particular, one of the products that is under pressure from the volatility
of the corn market is cotton. Researchers reported that the price of cotton moved accord-
ing to the market mobility of the agricultural commodity (Beckmann and Czudaj 2014).
Additionally, the fluctuating price of corn has a significant impact on the wheat market.

It is necessary to point out that a variety of precious metals is seeing a spillover of
this volatility. In particular, the metals are silver, copper, and platinum. Finally, another
commodity heavily impacted by the corn market is DDGS wheat. This product is a
component of animal feed and adjusts its price proportionally to that of corn (Etienne et al.
2016). At this point, it is necessary to mention the existence of research gaps on corn market
behavior.

Therefore, the present bibliographic study proposes a future action: the investigation
of the relationship between the stock markets and the price of agricultural goods, as can
be observed in Figure 31. In this way, the ability of stock exchanges to shape the prices of
various commodities is understood. Additionally, as a suggestion for future research, it
is the engagement of scholars regarding the influence of exports on the corn market. It is
necessary to point out that relevant research has been carried out on the effect of China’s
dominant export sectors on the price of soybeans.

Figure 31. Relationship between corn and other relevant themes.

4.3. Wheat

The last under-investigated commodity of the present bibliographic study is wheat.
This specific agricultural good is of particular interest as its various markets interact with
each other. As Figure 32 shows, wheat prices on the Winnipeg Commodity Exchange (WCE)
and Chicago SRW Wheat Futures (CBOT) are affected both ways. The above markets are
located in Canada and the USA, respectively (Booth et al. 1998).

The above correlation of Canadian and US wheat prices is changing. In particular,
as can be understood from Figure 33, volatility spillover is now taking place from the
European and Canadian markets to the US. At this point, it is important to note that the
researchers detected this relationship only two years after the end of the above two-way
effect (Yang et al. 2003).

Additionally, Figure 34 illustrates the correlation between the wheat and soybean
markets. The two specific agricultural products show a two-way relationship regarding
their prices. In more detail, the researchers trace the above effect over time from 1999 to
2016, taking daily data (Hamadi et al. 2017).
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Figure 33. Wheat price markets volatility and their inter-relationship across the globe.
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Figure 34. Wheat price volatility and its inter-relationship with the prices of other commodities.

Next, the relationship of wheat with certain precious metals is of particular importance.
As shown in Figure 35, the price of gold and aluminum affects the wheat market (Chevallier
and lelpo 2013). In addition, a significant cause of wheat price volatility is the mobility
of the corn market. Specifically, various studies identify the effect of corn price on wheat,

resulting in its volatility (Beckmann and Czudaj 2014; Lahiani et al. 2013).

Another case of volatility spillover is seen from oil to wheat. In more detail, the
volatile price of oil has a direct impact on the wheat market (Guhathakurta et al. 2020;
Yip et al. 2020). In addition, the effect of soybean oil on the price of wheat is noteworthy.
In particular, the volatile price of agricultural commodities due to the volatility of the oil

market is strongly presented in the American markets (Hamadi et al. 2017).
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Figure 35. Relationships between the markets that transmit and the ones that receive volatility from
the price of wheat.

Another important factor in changing the price of wheat is the news from the stock
markets of America. Specifically, the literature reports that the wheat market in China
is strongly pressured by news of financial institutions in the US (Fung et al. 2003). The
exchange rate of the Canadian dollar (CAD) plays an important role in the volatility of
the price of wheat (Nekhili et al. 2021). In addition, the fertilizer market has had a great
influence on the price of the agricultural commodity from 1992 to 2011. In particular,
fertilizers are considered essential tools in agricultural activity and, for this reason, possess
the ability to shape the pricing policy of wheat as a product (Onour and Sergi 2012). Finally,
government decisions regarding export procedures in Ukraine seriously affect wheat prices
around the world. Therefore, the established restrictions of the state lead to the instability
of the market of the specific good (An et al. 2016).

In conclusion, wheat price volatility affects some variables. However, as shown in
Figure 35, the effects become apparent in very few cases. In more detail, the volatility
spillover from the wheat market is shown in the price of crude oil. However, the findings
indicate that the price of wheat significantly depressed the market for the energy commodity
after 2006 (Dahl et al. 2020). Additionally, at the stock market index level, the volatile wheat
market can shape the producer price index. Specifically, researchers report that international
wheat prices affect the producer price index (Hassouneh et al. 2017).

At this point, the research process on the behavior of the price of wheat presents some
gaps. For this reason, the present bibliographic study proposes specific proposals for future
research. In particular, it is worth studying the influence that the price of wheat may have
on the DDGS product market. Also, as can be observed from Figure 36, the relationships
between wheat and some major energy and metal commodities have not been examined
yet. While the physical relationship may not be apparent, when one considers the trading
pattern per se of hedge funds, conclusions can be derived from such research concerning
the markets.
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Figure 36. Relationship between wheat and other relevant themes.

5. Conclusions

The purpose of this study is to provide a survey of the relevant literature concerning
the causes and spillovers of volatility in commodity markets in order to provide a compre-
hensive view of the topic. Since commodities play an important role in the daily life of the
global populace, it is understandable that price volatility affects not only the raw materials
themselves but has a strong impact on the rest of the supply chain.

In this research paper, our aim is to examine the sources of volatility in commodities
and, in particular, examine for any spillovers between commodity types. As such, we
have collected all available bibliographies concerning the interdependence of the volatility
of major commodities, both between themselves as well as other financial and economic
markets. This survey aims to assist both academics and professionals in summarizing the
existing knowledge on the relationship between the markets and to explore any potential
gaps that exist concerning the matter.

Our results have revealed both the academic and professional spotlight that has been
the recent year on the relationship between commodities. In particular, we have seen that
the relationships between hard commodities are stronger since, in addition to being raw
materials, they also serve as investment products. On the other hand, soft commodities are
of primary use in the production process of end goods and are thus not so much impacted
by market volatility.

Naturally, as with all reviews, the current one is not free from limitations. Most
importantly, given the extensive coverage of the spillover effects in the finance literature, it
was extremely difficult to cover the full bibliography since papers have been issued while
this research was being written. Thus, future studies can focus on more recent publications
concerning the matter, and additionally, they can look into one of the commodities in
more depth.
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