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Abstract: The purpose of this article is to conduct a bibliometric review of literary production in
terms of market interdependence. We investigate the effect of contagion on agricultural commodi-
ties and identify the commodities and methods used in the most cited publications over the decades.
For this, we used the SCOPUS database, sorting with Rayyan, Excel, and finally, the Bibliometrix/R-
project. The results showed that corn, wheat, soybeans, cotton, and sugar are the most studied com-
modities. There is no uniqueness concerning the methods used to identify interdependence and the
contagion effect. Also, it is possible to perceive the growing scientific interest concerning the subject,
with a diversity of authors and magazines. However, there is a direction of the and magazines most
cited articles for analyzing agricultural commodities and energy, demonstrated a worldwide trend
of studies relating natural resources, biofuels, clean energy, and efficiency. In addition, countries
like China and the United States stand out in this scientific scenario as the countries that produce
the most articles.

Keywords: interdependence; contagion effect; agricultural commodities; bibliometric analysis; ra-
tional use of natural resources

1. Introduction

The economic system is a structure formed by multi-agents interacting with each other and pre-
senting their collective properties, such as self-organization and self-regulation [1]. In this sense, we
realize that one economic situation is associated with others and, in addition, is linked to social, en-
vironmental, scientific, and political variables, exercising a relationship of dependence or independ-
ence [2]. Understanding these relationships and monitoring their dynamics enables diversifying in-
vestment, structuring, and planning [3].

The interdependence between markets or the indices representing them is understood as a rela-
tionship, analysis of correlation, integration, or coupling between them [4-8]. Where a change in be-
havior or interference in a system has the ability to disturb the dynamics of another system. In view
of this, the contagion effect is understood as the transmission of the effects of a financial/economic
disruption (crash or volatility) from one sector, region, or market to another [8-11]. The interdepend-
ence between markets is a well-regarded feature in times of stability but not so attractive in times of
crisis, given the possibility of risk transmission (the contagion effect) and market failure [3,5-7,9,11].

Both globally and locally, society has constantly gone through various crises caused by the most
diverse natures: energy and oil, 1980; Brazilian energy, 2001; the US housing market, 2008; the world
economic recession, 2018; COVID-19, 2020; and the war between Russia and Ukraine, 2022. These
instabilities generate numerous social and environmental problems, such as inflation, hunger,
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unemployment, food insecurity, shortages, deforestation, inadequate land exploitation, and deserti-
fication (irrational use of natural resources), problems that we can associate with the pillars of sus-
tainability and their interconnections [2,8,12]. Faced with the impact that the dynamics of interde-
pendence or contagion have on understanding financial and economic markets and delineating in-
vestment strategies, investigations that contribute and extend research related to this theme are con-
sidered of great relevance.

Knowing what has already been produced by society is the first step towards continuity, devel-
opment, adaptation, regulation, and application of scientific knowledge, especially when it comes to
constantly changing phenomena subject to many interferences, such as economic relations. Faced
with the questions raised, numerous methods can be combined to clarify a scientific investigation.
Among them, we can mention bibliometrics. Bibliometric analysis represents one of the most consol-
idating and practical approaches to building the scientific memory of a given object of study.

In general terms, the bibliometric analysis represents an essential reference source for develop-
ing new research or even deepening scientific fields [13,14]. The Bibliometric techniques can be un-
derstood as a quantitative method to measure the interrelationships and impacts of publications
within a given area of research using mathematical and statistical tools [13,15-17]. This approach
brings, as a differential, the possibility of describing the evolution of scientific production in quali-
quantitative terms. This review approach frequently addresses the evolution of scientific production
by countries, authors, institutions or groups, and journals [13,14,18-21]. Although there are reviews
in the literature that deal with themes associated with economic processes and their implications in
general terms, productions that specifically deal with agricultural commodities in the light of inter-
dependence or the effect of contagion are scarce in the literature. Some bibliometric studies associated
with economics can be found, addressing: the most cited journals in economics [22], field normaliza-
tion and citation impact time in economics [23], academic entrepreneurship [18], agricultural produc-
tion [24], the interference of COVID-19 in publications in economics [25], green economy focusing on
economic and environmental factors [26] and the accounting literature since the financial crisis of
2008-2009 [27].

In this sense, we provide in this paper not only a brief bibliometric review of the current scientific
production in the agricultural commodities market but also examine the literature that uses indexes
of agricultural commodities to know what has been produced in the world literature on market in-
terdependence in the context of agricultural commodities and to identify the commodities and meth-
ods used in the publications most cited over the decades.

To achieve the objective of this article, some questions were drawn that guided the construction
of this research: What is the evolution of the number of publications on interdependence or contagion
effect in the agricultural commodities market? Which countries have published the most studies on
interdependence in the agricultural commodities market? What are the most cited publications on
interdependence or the effect of contagion in the agricultural commodities market? Which authors
published the most on interdependence or the effect of contagion in the agricultural commodities
market? Which journals have published the most studies on interdependence or the effect of conta-
gion in the agricultural commodities market? Which commodities are addressed in studies of inter-
dependence or contagion in the agricultural market? What methods are applied in the studies to
identify the interdependence or contagion effect in the agricultural commodities market?

2. Materials and Methods

This paper uses a bibliometric approach perspective to analyze the literary production of market
interdependence. In addition, other topics, such as the contagion effect with agricultural indices as-
sociated with economic, social, environmental, and political perspectives at a given historical mo-
ment, were analyzed.

In our article, the Bibliometric method was used as an approach to examining the state of science
through the production of scientific literature [28] in order to offer possibilities for quantitative and
qualitative analysis of the scientific production of countries, groups, institutions, authors, and jour-
nals [13,18,29].
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The development of this investigation can be identified from Table 1, which contains the guiding
questions, analysis, and data that led to this investigation.

Table 1. This table describes the link between research questions, data and analysis. In the first col-
umn we have the questions, in the second column we have the type of results/analysis and in the third
column the data that were used.

Question Analysis Data
What is the evolution of the number of publi-  Descriptive Statistics / Fre- All articles
cations on interdependence or contagion effect quency Distribution (Publica-
in the agricultural commodities market? tions X Year of publication)

Which countries have published the most  Descriptive Statistics/ Mapping All articles
studies on interdependence or effect of conta- (Country linked to publication X

gion in the agricultural commodities market? Number of publications)
What are the most cited publications on inter-  Descriptive Statistics / Fre- All articles / 10
dependence or contagion effect in the agricul- quency Distribution (Authors X more published
tural commodities market? Number of publications)
Which authors have published the most about = Descriptive Statistics / Fre- All articles / 10
interdependence or contagion effect in the ag- quency Distribution (Authors X more cited
ricultural commodities market? Number of publications)
Which journals have published the most stud-  Descriptive Statistics / Fre- All articles / 10

ies on interdependence or the effect of conta- quency Distribution (Magazines more published
gion in the agricultural commodities market? X Number of publications)

Which commodities are addressed in studies =~ Descriptive Statistics / Fre- 20% of the most
of interdependence or contagion effect in the = quency Distribution (Docu- cited articles by
agricultural market? ments X Commodities) decade

What methods are applied in the studies to Descriptive Statistics / Fre-  All articles / 20% of
identify interdependence or contagion effectin quency Distribution (Docu-  the most cited arti-
the agricultural commodities market? ments X Methods) cles by decade

The methodological process to answer the research questions was developed in two stages. The
first consists of building the database through identification, selection, and inclusion (Figure 1). The
SCOPUS database was used as a data source because it is comprehensive and multidisciplinary, with
a more significant number of abstracts and citations [30]. The second stage consists of processing and
analyzing data for all articles or the subcategories indicated in Table 1, and its dynamics can be un-
derstood in Figure 1.
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Figure 1. The scheme represents the database and activities employed in the study stages. The first
stage includes identification based on keywords, selection based on reading titles and abstracts, and
the inclusion of texts for complete analysis. The second stage includes a data processing flowchart via
bibliometrix, analysis of whole texts, generation of results with an evaluation of answers, organiza-
tion, structuring, and analysis.

2.1. First Stage

The first stage began with a preliminary search in March 2022 in the SCOPUS database in order
to identify the most commonly used terms and, thus, choose the keywords to compose the search
terms, namely: (“agricultural commodities” OR “agriculture index” OR “livestock index” OR
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“agricultural index” OR “commodities agriculture” OR “commodities livestock”) AND (“Market In-
tegration” OR “Market Interdependence” OR “Risk transmission” OR “contagion” OR “ Overflow”
OR “Spillover” OR “Telecopling”). After defining the search terms, 145 articles were identified using
the filters: only articles, texts in English, Spanish, or Portuguese, and review articles were excluded
because they did not answer the guiding questions.

The selection of documents was developed as follows: search in the SCOPUS database based on
the search terms, export to the Rayyan application (https://www.rayyan.ai/) in which the screening
of duplicates was carried out D, and reading the titles and abstracts. Subsequently, the search in the
SCOPUS base was returned, excluding a duplicate, D = 1, and the incompatible texts identified from
reading the titles and abstracts AT (AT = 17 these documents were excluded because they did not fit
the objective of this study or did not answer the research questions). A total of 127 documents were
admitted (see Table S1). In this stage, there was a concern about the accessibility of the complete texts,
given the need to answer the questions “What commodities are addressed in studies of interdepend-
ence in the agricultural market?”, “What methods are applied in studies to identify interdependence
in the agricultural commodities market?” and the associated sub-criteria are shown in Table 1. By
consensus among the researchers, 20% of the sample agreed to access the most cited articles by dec-
ade (see Tables 2, 3, 4 and 5).

Figure 1 details the search and selection stage of the scientific articles included in this study,
adapted from the Prisma-Scr Flowchart [31].

The construction of the database followed the process shown in Figure 1 with the identification
of X documents, the exclusion of D duplicates, and AT texts that do not fit this investigation after
reading titles and abstracts. The number of documents included in N can be expressed by the equa-
tion N = X — D — AT, the first stage's flowchart (Figure 1), with the number of articles excluded and
the reason for exclusion.

2.2. Second Stage

The primary analysis of the database was conducted through bibliometric analysis based on the
questions raised in Table 1. This entire step was initially developed with the support of Bibliometrix
/R-project and Excel/Microsoft because it has descriptive analytical functions that support this re-
search. Furthermore, concerning a bibliometric analysis, the Bibliometrix/R-project has been used by
a growing number of publications [18-20,26] has an easy-to-use free version, allows you to import
data directly from SCOPUS, among other statistical and visualization advantages [20,21].

With the Bibliometrix/R-project, tables and graphs were generated and analyzed to answer the
research questions clearly and objectively. The development of this stage can be understood from
Figure 1.

Figure 1 illustrates the development of the second stage: database processing with Biblio-
metrix/R-project, analysis of possible answers to research questions, clarity of results, extraction and
reorganization of information, and finally, discussion of results. Regarding the 20% of the most cited
articles per decade that supported questions 3.6 and 3.7 of the next section, they were carried out
independently and blindly by two researchers, and they agreed upon the divergences.

The following section presents the results, analysis, and discussion. The arguments and reflec-
tions presented in this article are related to the research questions, objectives, results found, authors'
expertise, and literature.

The Materials and Methods should be described with sufficient details to allow others to repli-
cate and build on the published results. Please note that the publication of your manuscript implies
that you must make all materials, data, computer code, and protocols associated with the publication
available to readers. Please disclose at the submission stage any restrictions on the availability of
materials or information. New methods and protocols should be described in detail, while well-es-
tablished methods can be briefly described and appropriately cited.

Research manuscripts reporting large datasets that are deposited in a publicly available database
should specify where the data have been deposited and provide the relevant accession numbers. If
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the accession numbers have not yet been obtained at the time of submission, please state that they

will be provided during review. They must be provided prior to publication.
Intervention studies involving animals or humans and other studies that require ethical ap-

proval must list the authority that provided approval and the corresponding ethical approval code.

3. Results
In this section, we seek to present and describe the results found according to the questions that

guided this study. General information about data, keywords, authors, collaboration, and types of

documents can be seen in the Supplementary material (Table S2).

3.1. What is the Evolution of the Number of Publications on Interdependence or Contagion Effect in the

Agricultural Commodities Market?

Figure 2 shows the growth of the annual scientific production from 1997 to 2022, corresponding
to the 127 articles that comprise this study's database. In black, we have the number of articles pub-
lished annually, and in red, the accumulated production of articles. The first article identified dates
from 1997, with another production in the next ten years. The number of publications has increased

sharply since 2015 and in the last decade (with a production of 94 articles).
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Figure 2. General statistics associated with the top 10 for the most cited documents (MCD), produc-
tion sources (Journal), most productive authors (Author) and Countries and annual publication
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growth (black curve, left y-axis) compared to cumulative annual growth (red curve, right y-axis) rate
of all manuscripts indexed in the Scopus database by year (1997-2022).

The results show that scientific production was more significant in the last six years than in all
previous years, which is evident in the slope of the cumulative production curve, which visibly shows
itself as a function with exponential characteristics and properties. In this period, we can identify a
slight reduction in scientific production from 2020 to 2021.

3.2. Which Countries Have Published the Most Studies on Interdependence or Effect of Contagion in the
Agricultural Commodities Market?

The thematic map (Figure 3) shows the countries that published the most on the topic discussed
in this study. The gradient of the blue color indicates the regions that published articles, so the
stronger tones indicate a more outstanding scientific production, while the lighter tones are minor.
Regions in shades of gray have negligible scientific production or have not been identified in this
database. It is worth noting that Figure 3 shows the countries linked to the publications and that the
production accounting is assigned to all countries involved in production.

Country Scientific Production

e -ﬂf*’
‘ S,

Country Freq
"5 4 CHINA 50
: USA 37
INDIA 33
FRANCE 24
N.Documents AUSTRALIA 18
| B ITALY 15
= h BRAZIL 13
B GREECE 12
H UK 11
GERMANY 10

Figure 3. Map of scientific production associated with countries. More intense tones indicate greater
scientific production.

The map also shows how little some regions of the world discuss the topic, opening up space for
scientific development in this area, especially in Russia because despite its economic influence and
representativeness, it was not possible to identify linked scientific production.

3.3. What Are the Most Cited Publications on Interdependence or Contagion Effect in the Agricultural
Commodities Market?

The most cited documents throughout the period studied, the top 10, are shown in Figure 2,
which shows us a set of documents between 2011 and 2019, on the left and right, the number of
citations. In addition, it is possible to identify in the exact figure the primary author and the journal
that published the text. There is significant diversity in the authorship of the top 10, except for the
fifth and eighth articles, which belong to the same author. The ten most cited articles are well distrib-
uted over the years 2011 to 2019, that is, one article in 2011, one in 2012, one in 2013, one in 2014, one
in 2017, three in 2018, and two in 2019. Throughout this period, there was an average of 163.4 citations
with a sample standard deviation of +79.6.

3.4. Which Authors Have Published the Most on the Subject of Interdependence or Contagion Effect in the
Agricultural Commodities Market?

Figure 2, on the upper and left, shows the authors who published the most on interdependence
or the effect of contagion in the agricultural commodities market (in descending order of those who
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contributed the most to the literary area under analysis), with an average productivity of 3.1 publi-
cations per author. From the results obtained in Figure 2, it can be seen that the authors Hernandez
J.A. and Bouri E. are the most productive. The productions of Hernandez and Bouri represent the
authorship of four articles each, followed by the same number of publications by authors Ji Q., Kang
S.H., Nguyen D.K,, Roubaud, D., Shahzad S.].H. Umar Z. and Yoon S-M., who contributed three ar-
ticles. Author Adam A.M., published two articles, as seen in the last line of Figure 2.

3.5. Which Journals Have Published the Most Studies on Interdependence or the Effect of Contagion in the
Agricultural Commodities Market?

The journals that most contributed to the publication of articles that analyze the phenomenon of
interdependence or contagion in the agricultural commodities market are identified in Figure 2, on
the left and below.

In median terms, the ten journals shown in Figure 2 have an average publication of 4.6 articles
over the analyzed period. It is possible to notice that most magazines identified as more productive
focus on themes associated with economy, commerce, business, or finance, accumulating a volume
of more than 73.9% of the articles published.

3.6. Which Commodities Are Addressed in Studies of Interdependence or Contagion Effect in the
Agricultural Market?

A sample with a minimum rate of 20% of the most cited articles per decade was defined among
the authors, admitting 28 documents (see Table 2). In Table 3, the list of agricultural commodities
with the most articles indexed by decade can be seen: 1997-2006 (the first decade), 20072016 (the
second decade), and 2017-2022 (the third decade). Table 4 presents with more clarity the frequency
with which the commodity was studied in each period.

Table 2. Describes the number of articles accepted in the sample. The first column presents the sub-
division by decade, the second column the number of articles for each period, and the third column
the admitted sample.

Number of articles per decade Sample admitted
First decade 2 2
Second decade 31 7
Third decade 94 19

The results obtained for the first decade can be seen in Table 3. Rice and wheat were mentioned
more frequently in the literature (two articles), followed by the study of cotton, corn, and soybeans
(one article). In addition, it can be noted that in this decade, the article published in 2004 had a much
higher number of citations than the article produced in 1997.

Table 3. Agricultural commodities identified in the studies. The first column presents the subdivi-
sions by decade, the second is the study’s identification, the third the number of citations, and in the
fourth presents the commodities analyzed in that document.

Study?7 Number of citations Commodity
. Tahir, Z., Riaz, K. (1997) 3 Wheat, Cotton, Rice
First decade .
Huang et al. (2004) 55 Corn, Soybean, Rice, Wheat
Hernandez, M.A. (2014) 57 Corn, Wheat, Soybean
Beckmann, J., Czudaj, R. (2014) 57 Cotton, Wheat, Corn
Baquedano, F., Liefert, W. (2014) 62 Wheat, Rice, Corn, Sorghum
Second decade Mensi, W. et al. (2014) 124 Barley, Corn, Sorghum, Wheat
Reboredo, J. (2012) 140 Corn, Soybean, Wheat
Nazlioglu, S. et al. (2013) 255 Wheat, Corn, Soybean, Sugar

Du, X. et al. (2011) 259 Corn, Wheat
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Tiwari A.K. et al. (2022) 24 Corn, Wheat, Soybean, Coffee, Cotton,
Sugar
Umar, Z. et al. (2021) 27 Soybean, Wheat, Cocoa, Coffee, Cotton,

Feeder cattle, Lean hogs, Live cattle,
Livestock Sugar

Arnade, C. et al. (2017) 28 Beef, Corn, Cotton, Pork, Wheat, Soy-
bean, Soybean Meal, Chicken, Rice
Hernandez, J. et al. (2019) 28 Wheat, Corn, Rice
Umar, Z. et al. (2021) 29 Wheat, Oats, Lumber, Rice, Rubber,

Sugar, Cocoa, Coffee, Canola, Orange
Juice, Cotton, Corn, Live Cattle, Feeder

Cattle, Lean Hog
Saghaian, S. et al. (2018) 30 Corn
Bonato, M. (2019) 31 Corn, Soybeans, Wheat, Soybean oil,
Coffee, Cotton, Sugar, Cocoa
Zafeiriou, E. et al. (2018) 33 Soybean, corn
Third decade Barbaglia, L. et al. (2019) 37 Corn, Wheat, Soybean, Sugar, Cotton,
Coffee
Hung, N.T. 40 Wheat, Oats, Corn, Soybeans, Sugar
Bouri, E. (2021) 41 Cocoa, Coffee, Corn, Cotton, Orange
juice, Soybean, Soybean meal, Sugar,
Wheat
Yip, P. et al. (2020) 46 Corn, Wheat, soybean
Dahl, R. et al. (2019) 55 Corn, Wheat, Soybean, Soybean meal,

Soybean oil, Canola, Cocoa, Sugar, Cot-
ton, Coffee

Shahzad, S. (2018) 69 Wheat, Corn, Soybean, Rice
Su, C. (2019) 83 Corn, soybean, Tea, Cocoa
Ji, Q. et al. (2019) 111 Live cattle, Cocoa, Coffee, Corn, Cotton,
Lean hogs, Orange juice, Soybean,
Wheat, Sugar

Luo, J. Ji, Q. (2018) 115 Soybean, Corn, Cotton, Wheat, Palm

Ji, Q. et al. (2018) 150 Corn, Rice, Soybean, Wheat
Kang, S. et al. (2017) 275 Corn, Wheat, Rice

In the second decade, the study of the present theme gained relevance in analyzing the com-
modities corn and wheat, which integrated the sample of seven articles. Soybean was analyzed in
three articles and sorghum in two studies. Barley, cotton, rice, and sugar, on the other hand, were
part of only one article.

We can see in the third decade all these commodities were present in at least one sample of the
analyzed articles, standing out with their presence in 19 articles with the exception of barley and
sorghum, which were not studied in any article in the third decade. With greater expressiveness, corn
was analyzed in 18 articles, wheat in 16, soybean in 15, cotton in 10, sugar in 9, coffee in 8, cocoa in 7,
and rice in 6. Table 4 summarizes the frequency with which commodities were studied, emphasizing
corn.

Overall, we analyzed 26 differentiated commodities in 28 articles. We can highlight the five com-
modities whose analysis in the context of the study of interdependence and the effect of contagion
were more relevant, namely, corn (93%), wheat (89%), soybean (68%), cotton (43%) and sugar (36%).
These five commodities were analyzed in articles during the three decades, and their analysis showed
an increasing trend.
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Table 4. Number of times the commodity was studied in each decade and in the total period. In the
first column, the commodity is presented; in the second, third, and fourth columns, the number of
articles per decade that studied the commodity; and in the last column, the number of studies in which
the commodity was studied throughout the period.

Number articles Number articles Number articles
Commodities  First decade 1997-  Second decade 2007- Third decade 2017-  All period
2006 2016 2022
Barley 1 1
Beef 1 1
Canola 2 2
Chicken 1 1
Cocoa 7 7
Coffee 8 8
Corn 1 7 18 26
Cotton 1 1 10 12
Feeder cattle 2 2
Lumber 1 1
Lean hogs 3 3
Live cattle 3 3
Livestock 1 1
Oats 2 2
Orange juice 3 3
Palm 1 1
Pork 1 1
Rice 2 1 6 9
Rubber 1 1
Sorghum 2 2
Soybean 1 3 15 19
Soybean meal 3 3
Soybean oil 2 2
Sugar 1 9 10
Wheat 2 16 25
Tea 1 1

3.7. What Methods Are Applied in the Studies to Identify Interdependence or Contagion Effect in the
Agricultural Commodities Market?

Table 5 presents the methods used to identify interdependence and the effect of contagion in the
most cited articles for decades. We emphasize that the methods to which this study refers consist of
procedures declared in the selected articles and can be understood as the most concrete steps. In
restricted terms of general explanation and less abstract, a concept that can revolve around the most
abstract notions of methodology, model, or techniques was present [32].

In the first decade, the article by Tahir, Z., and Riaz, K., applies Ravaillon methodology to study
the integration between agricultural commodities selected for the sample. Later, in 2004, the article
developed by Huang and others applied the Engle-Granger cointegration methodology to analyze
the integration of Chinese markets.

In the second decade under analysis, in 2011, the author Du, X. et al. used a Bayesian methodol-
ogy (SVM] model) to study the contagion effect. In 2012, Reboredo, J.C, in his article, studied co-
movements using various models of copulas. In the following year, Nazlioglu S. et al. examined the
volatility transmission between the prices of selected agricultural commodities, applying the test of
causality in the test of variance and impulse response functions to daily data (CIV-IRF). These are the
most cited articles of the second decade.
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Table 5. Methods identified in the studies. The first column presents the subdivisions by decade, the
second the identification of the study, the third the number of citations, and in the fourth the method
presented by the authors of the document.
Study Number of citations Methods!
. Tahir, Z., Riaz, K. (1997) 3 Ravallion model
First decade . .
Huang et al. (2004) 55 Cointegration Engle-Granger
Hernandez, M.A. (2014) 57 VAR-BEKK-DCC-MGARCH
Beckmann, J., Czudaj, R. (2014) 57 VAR-GARCH
Baquedano, F., Liefert, W. (2014) 62 SEECM
Second decade Mensi, W. et al. (2014) 124 VAR-BEKK-DCC-MGARCH
Reboredo, J. (2012) 140 Copula models
Nazlioglu, S. et al. (2013) 255 CIV - IRF
Du, X. et al. (2011) 259 SVM]J
Tiwari A.K. et al. (2022) 24 Quantile VAR
Umar, Z. et al. (2021) 27 Granger causality tests and index of
Diebold and Yilmaz
Arnade, C. et al. (2017) 28 VAR-ECM
Hernandez, J. et al. (2019) 28 CQ Approach
Umar, Z. et al. (2021) 29 TVP-VAR
Saghaian, S. et al. (2018) 30 BEKK-MGARCH
Bonato, M. (2019) 31 Beta-GARCH
Zafeiriou, E. et al. (2018) 33 ARDL
Barbaglia, L. et al. (2019) 37 VAR
Third decade Hung, N.T. 40 Wavelet Coherence with index of
Diebold and Yilmaz
Bouri, E. (2021) 41 TVP-VAR
Yip, P. et al. (2020) 46 FIVAR
Dahl, R. et al. (2019) 55 EGARCH
Shahzad, S. (2018) 69 GARCH-Copulas
Su, C. (2019) 83 Bivariant VAR model
Ji, Q. et al. (2019) 111 Entropy Transfer
Luo, J. Ji, Q. (2018) 115 HAR and DCC-GARCH
Ji, Q. et al. (2018) 150 CoVaR-copulas
Kang, S. et al. (2017) 275 DECO-GARCH

1 GARCH: Generalized autoregressive conditional heteroscedasticity; VAR: Vector autoregressive;
MGARCH: Multivariate GARCH; EGARCH: Exponential GARCH; BEKK-MGARCH (Baba Engle
Kraft Kroner MGARCH): stochastic volatility models with Jumps; BFGS: Broyden Fletcher Goldfar
Shanno; ECM: Error correction model; CIV: Causality in variance; IRF: Impulse response functions;
SEECM: Single equation error correction model; TVP: time varying parameter; DCC: Dynamic condi-
tional correlation; HAR: Autoregressive heterogeneous; ARDL: Autoregressive Distributed Lag;
FIVAR: Fractionally integrated autoregressive template vector Multivariate; DECO: Dynamic de
Equicorrelation.

In 2014, Beckmann, ]., applied for the GARCH-in-mean VAR model. In the same year, Baque-
dano, F. and Liefert, W. applied an error correction model (SEECM) to identify cointegration. Finally,
Mensi W. et al. and Hernandez M.A. used the VAR-BEKK-DCC-GARCH models to analyze possible
market links.

In the third decade, in the year 2017, the authors Arnade, C. et al. used the VAR-ECM method
to analyze the economic phenomenon of integration. In turn, Kang S. et al. applied the DECO-
GARCH model to analyze the contagion effect.

In 2018, studies were developed by Hernandez, ]. et al., who chose to use the CQ approach ex-
amining the effect of extreme quantiles of returns between commodities; by Saghaian, S. et al., who,
like the authors Mensi, W. et al. (2014), used the BEKK-MGARCH method; by Shahzad, S. and by Ji,
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Q. et al. who used the same method, namely CoVAR, to study the contagion effect; by Luo, J., and Ji,
Q. analyze the connectivity characteristics of variable volatility combined the multivariate heterosce-
dastic autoregressive model (HAR) with the DCC-GARCH model.

In 2019, Bonato, M., relied on a volatility model, the Beta GARCH model performed by Hansen
et al. (2014). Barbaglia, L. et al,, and Dahl, R. et al., in that same year, studied the contagion effect
using the vector autoregressive model (VAR) and the EGARCH, respectively. J.I., Q. used a time-
varying entropy-based approach to identify the direction of return spillovers. Su, C., chose to use a
bivariate autoregressive vector to analyze dynamic causal relationships. Yip P. et al. 2020 employed
the fractionally integrated VAR (FIVAR) model to capture the dynamic patterns of volatility spillover
effects.

More recently, in 2021, the author Umar, Z., publishes two papers applying different techniques,
Granger test methods with Diebold and Yilmaz index and TVP-VAR (Time varying parameter with
Vector autoregressive). While in the same year he published an article with the objective of analyzing
the overflow between agricultural commodities and oil using the Wavelet Coherence method with
index of Diebold and Yilmaz. Later, in 2022, Tiwari A.K. applied the Quantile Vector autoregressive
to develop his research.

4. Discussion

We discuss below the descriptive and analytical aspects visualized in the results achieved. Ac-
cording to an analysis of the publication’s development (see Figure 2) 94 articles (or 74% of the total
number of publications) were released between 2017 to 2022.

In the first decade, there was an average production of 0.2 articles. In the second decade, there
was an average production of 3.1 articles per year, while in the third decade, the average production
of articles was 15.7.

Even though there was a decline in scientific output from 2020 to 2021 (likely due to the global
crisis brought on by COVID-19), it can be seen from the evolution of the number of publications,
particularly in recent years, that there is a trend of growth of publications in relation to the theme by
2022. This is similar to the growth trends seen prior to the pandemic.

The distribution of scientific production is concentrated in a few countries, mainly: China, the
USA, India, France, Australia, Italy, Brazil, Greece, the UK, and Germany (see Figure 3). The first
three are also the countries with the largest population in the world, and most have significant eco-
nomic representation in the world. They are part of the G20, and China, the USA, France, and the UK
participate in the permanent council of the UN (United Nations Organization). The correspondence
between scientific production and development is evident in the representativeness of the countries
that have published the most and their expression in the economic, political, and social world [2,5,24].

In the articles that make up this database, the three most cited documents are in the journal
Energy Economics (https://www.sciencedirect.com/journal/energy-economics), and 70% of the most
cited articles are concentrated there. In addition, the three most cited articles have an average of 272
citations, with the first one dating from 2017, the second from 2011, and the third from 2013. While
the ten most referenced articles have an average of 163 citations per document (see Figure 2).

There is no clear trend toward older publications receiving more citations, as shown by the dis-
tribution of the most frequently cited articles by date.

Still, among the most cited documents, we have the authors who published the most (see Figure
2),Ji Q.,, Kang S.H., and Shahzad S.J.H, with 3 articles each author.

Authors J.A. Hernandez and Bouri E., despite having the largest output (Figure 2), have no doc-
uments that rank among the most frequently cited documents examined. Figure 2 demonstrates that
if we take into account the 3 articles published per year throughout 1997 to 2022, the average produc-
tion per author is low. According to Figure 2, the most productive authors are associated with the
most diverse nations.

Figure 2 shows that Energy Economics has a greater number of publications on the subject of
study, indicating a particular scientific relevance in studies that address agricultural commodities
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and energy. It is believed that the concentration of these studies in journals with an economic bias is
somehow associated with the production of biofuels [26,33-35].

A sample of 20% of the articles that received the highest citations throughout the time period
was gathered in order to identify the agricultural commodities and the research methodologies em-
ployed, as was described in the preceding section (see Table 2).

Table 3 lists the commodities discussed in the most frequently cited studies for each period un-
der analysis. As a result, we can see that the commodities needed to produce food for humans and
animals are commonly used in the articles under study.

Furthermore, the association between energy and agricultural commodities in the most widely
read and cited publications suggests the concern for both agricultural production and energy-related
issues (biofuels). In particular, corn, wheat, and soybeans because they are globally popular foods
and the source of biofuels.

Table 5 also includes a summary of the most frequently mentioned studies and research tech-
niques for each time period.

In general, the non-co-occurrence of the analysis methods over the years shows that no univer-
sally accepted method contemplates the absolute universality of the phenomenon and that new meth-
ods, divergent or complementary, may arise with the development of research in this area.

The discussion of the results obtained in this study presents a direction for research involving
agricultural commodities (food) and energy sources. In this sense, there is a global concern about
more sustainable economic policies, efficiency, and rational use of environmental resources, that is,
equitably balancing social, economic, and environmental needs, given that the planet is increasingly
interconnected and the instability of one region is spread to others faster and faster [1,12].

5. Conclusions

This study assumes that the world is a complex system and has become increasingly globalized,
reducing borders, and bringing cultures, economies, and policies closer together. In the same way,
through the perspective of sustainability, we relate environmental, social, and economic issues. In
this paper, we identify the main patterns of literature production associated with market interde-
pendence, the effect of contagion using agricultural commodity indices, and the commodities and
methods used in the most cited publications over the decades. Intending to carry out a bibliometric
mapping, we outlined some questions (see Table 1) that were answered in the previous sections.

We conclude from the results and discussions that the scientific production concerning the
theme discussed in this article has grown faster and faster in recent years, mainly since the financial
crisis of 2008, without concentration among the most cited and productive authors. However, there
is a direction for discussion between agricultural commodities and energy. In addition, the most cited
documents are published in magazines focused on economics, finance, or business.

Because of their large populations and high energy consumption, the world's two most signifi-
cant powers, China, and the USA, are the greatest producers of knowledge on the subject. Supplies
like corn, wheat, soy, cotton, and sugar, were the most studied products over the analyzed period
(corn is highlighted as being present in 93% of the articles).

The many approaches taken to study the interdependence/effect contagion on the financial mar-
kets, particularly in the commodities markets, must also be emphasized. In this field, we also identify
opportunities for the development of new or improved techniques.

When used to investigate financial phenomena like interdependence and the contagion effect, a
variety of methods and approaches can arise and complement one another. As a result, it is impossi-
ble to identify a method or strategy that is generally accepted.

Among the main contributions, this article offers an overview of the evolution of the interde-
pendence analysis or effect of contagion in the context of agricultural commodities, indicating direc-
tions and gaps. In addition, this study will allow for future thoughts associated with research ques-
tions, results, and considerations achieved with this methodological approach. These results still can
be explored in dialogue with what has already been produced by humanity, bringing new scientific
elements and other information that help understand these and eventually other phenomena.
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However, subsequent research, like any temporal analysis, is expected to continue the issues
raised here and use the information in this article. We also highlight that analyzing social networks,
words, clusters, and other metrics point to new investigations concerning our object of study.

Supplementary Materials: Table S1: Database used in the research identifying the Study, Title and DOI. Ar-
ranged in descending order of publication date.; Table S2: General description about database. The description
is divided into: Main information about data, Document contents, Authors, Authors collaboration and Docu-
ment types.
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