

  agriculture-11-00263




agriculture-11-00263







Agriculture 2021, 11(3), 263; doi:10.3390/agriculture11030263




Article



Exploring the Link between Food Security and Food Price Dynamics: A Bibliometric Analysis



Marwa Ben Abdallah 1,*, Maria Fekete-Farkas 2 and Zoltan Lakner 2





1



Doctoral School of Economic and Regional Sciences, Hungarian University of Agriculture and Life Sciences (MATE), 2100 Gödöllő, Hungary






2



Institute of Economic Sciences, Hungarian University of Agriculture and Life Sciences (MATE), 2100 Gödöllő, Hungary









*



Correspondence: Marwa.Ben.Abdallah@phd.uni-szie.hu; Tel.: +36-7021-285-16







Academic Editor: Antonios N. Rezitis



Received: 28 January 2021 / Accepted: 11 March 2021 / Published: 19 March 2021



Abstract

:

An evaluation of research studies is considered an important task to make future adjustments for securing and adjusting policies. This article presents the results of a study that explored the research that has been published with food security, price volatility, and price transmission as keywords. The study involved a bibliometric evaluation of statistical outcomes from 899 scientific publications from 1979 to June 2020 related to the subject, registered in the Web of Science database. The collected articles were used to measure bibliometric indicators and evaluate the research work on food security and agricultural products’ price movement. An analysis of the development and the identification of the related topics of greatest interest on this subject was also carried out. The analysis results found that a rising number of studies have been registered over the years, emphasizing the following keywords: food security, climate change, agriculture, health, nutrition, consumption, and income. The analysis proves that the shift in scientific research trends associated with food security analysis is linked with health and food nutrition status. Furthermore, the word "impact" was significantly present in the analyzed papers, which reveals that econometric analysis should address the relationship between price movement and nutrient intake to achieve nutritional security.
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1. Introduction


Food price surges and volatility increase the political, professional, and public issues related to food security worldwide. In 2007–2008, food price volatility undermined thousands of people’s welfare, weakening their nutritional status and food security. The Food and Agriculture Organization (FAO) predicted that the 2007–2008 price increase would lead to a higher number of undernourished people. Indeed, the number increased by 173 million people in the two years from 2007 to 2009 [1]. The African continent suffers from a high number of undernourished people, which reached 240 million in 2008 because of the fluctuations in staple food price (e.g., wheat, rice, maize) [1]. In addition, the price of agricultural products is affected by COVID-19, and therefore, food supply chains are affected [2]. Food deficiency is not only caused by the unavailability of food on the market but also by price increases. Due to their lack of food access, people can be prevented from acquiring food [3]. Policymakers usually try to weaken price volatility and mitigate its negative impacts on market actors (i.e., consumers and producers) by implementing strategies in the market or public interventions [4,5].



Commodity price volatility, unforeseen supply chain disruptions, and unanticipated weather changes are crucial risks for food markets and can hamper government efforts to ensure consistently and regularly available food, which threatens food security. High price volatility depreciates household incomes and purchasing power. Issues related to price volatility are linked with the concept of food security. A price shock can disrupt the “four pillars” of food security [6,7]. It interrupts the different supply chain levels, upstream and downstream. Additionally, the magnitude of the price volatility can undermine economic growth and poverty reduction [8]. An enormous food price increase aggravates poverty, especially in low-income countries [9].



A price spike affects all stages of the supply chain. Unexpected price volatility decreases farmers’ productivity; thus, they reduce their investment [10,11,12]. Additionally, agricultural inputs become subject to price volatility, driving retailers and processors to adjust their supply strategies to mitigate the supply uncertainty [13]. Unpredictable price change endangers food security status. It harms households who allocate a high percentage of their income for food purchases [14]. Therefore, to avoid price shocks, efficient price management should be applied in the food market to ensure the stability of food supply chains.



Price booms raise questions about the position of commodities in the future market. Due to market interconnections, it is crucial to understand the price dynamics within the market. Analysing the link between food prices and food security, a research study has been established in Kenya. It aimed to assess the connection between the maize price and low birth weight as an indicator of food security and quantify its effect. A positive correlation was detected. However, this result could not be generalized to all Kenyan households. In other words, some households gained advantages from maize price increases [15].



Food security has always been an attractive topic for researchers. Different papers have been published examining issues related to food security. Food price is the driver of food security [16]. For example, in 2015, the Economist Intelligence Unit updated the global food security index estimation every four months (which is estimated based on different factors) by adding an adjusting price factor that absorbed the food price shocks that happened over that time [17].



Recently, following the spread of the COVID-19 pandemic, some research has been published showing the pandemic’s impact on the four pillars of food security [18] and measuring its impact on low-income households [19].



Food price increases may worsen poor households’ health status by preventing their access to sufficient nutritional food [20]. Climate change and food price change are considered two significant drivers for food insecurity in some countries such as Ethiopia and Ghana [21,22].



Food insecurity and price volatility are crucial issues for our future. Thus, governments need to develop clearer measures that efficiently tackle agricultural risk management for sustainable development. It is essential to have the tools and the necessary knowledge to help recognize and identify the determinants of food security an know-how to intervene to protect people from insecure food. Therefore, governments must undertake background studies that forecast a food security index. This study’s results could help identify national indicators so government scan focus on found keywords to build a global forecast model of the food security index.



Facing the upward shift in the population and how to afford enough food, the United Nations has set a number of sustainable development goals in their 2030 schedule, with Goal 2 being “zero hunger” [23].



An increase in food prices threatens the purchasing power of consumers. Governments need to develop more straight forward and more rapid measures to tackle food market management for sustainable food availability efficiently.



It is essential to understand and identify factors and variables that contribute to determining the food security state and recognizing the way of intervention to protect people from food insecurity.



The price is linked to food security; this could be explained by the fact that there are factors in a close relationship between food security and price, such as supply and real income [24]. Mathematically, it has been justified that a volatile price of food menaces the food security status [25].



Therefore, bibliometric studies are considered suitable for assessing previous research based on keywords and offering useful directional themes for new research. The bibliometric method has been chosen as a convenient method because of its ability to reveal and identify food security and price volatility factors. Different studies have adopted a bibliometric analysis for reviewing specific themes. It has been used to highlight the danger that agriculture is facing. It identifies new directions to investigate future scientific works [26]. Additionally, it was a helpful tool to design a comprehensive image of publications in food policy, describing sources and authors’ collaboration [27].



This paper affords the first overview about food security and food price dynamic scientific articles to visualize the research development. It attempts to link research in these two fields. The work novelty accentuates the connection between keywords and related words, defining clusters that attract the main research focus, and therefore, identifying areas that are growing and need more examination.



Biblioshiny and other functions in the bibliometrix package in R studio software are the tools that help to conduct our analysis. They give a simple and understandable image of bibliometric study. This serves to identify the most important and trend keywords, which serve as a valuable and comprehensive tool for communication. This paper responds to the following questions: 1—What are the main sources where research papers were mainly published? 2—Which authors highly contributed to this field of research? 3—Which countries play an important role in their research contribution? 4—What are the most frequently employed keywords, co-occurrence networks, and clusters?



To address the objectives, this paper includes three sections. Section 2 presents the data used in our research and explains the methodology followed to reach the results. Section 3 has the results and discussions of the findings. This section is divided into six sections. Section 3.1 and Section 3.2 give summary statistics of the general characteristics of the data. Section 3.3 displays the top first sources where researchers published their scientific works and which are highly cited. Section 3.4 shows the most productive authors and their multinational collaboration. Section 3.5 figures out the top countries that focus on this field. Section 3.6 exhibits the co-word analysis. It defines the interrelation between the most frequently appearing keywords and the different clusters. The last section has the conclusion of our work.




2. Materials and Methods


The main purpose of this research was to evaluate, statistically, the previous studies that have been performed and combined these two research topics, the price movement and food security, and to identify keywords linked with food security and price movement, forming a network. Before, systematic review research was elaborated with the major group, and relatively few studies utilized evaluative bibliometric and relational bibliometric studies.



Bibliometric is a developed different methodology from the traditional systematic literature review [28]. It is a crucial method for investigating research, and it originated from the subject of library and science knowledge. Analyzing the English articles that tackle food security and the price dynamic in the agricultural field, bibliometric science has been applied. It grants the elaboration of network analysis, giving a clear image of the different links between the various scientific studies, countries, authors, and keywords. Additionally, it figures out the co-occurrence of keywords and an overview of the different themes’ evolution [29,30]. Different studies have been elaborated on food security using the bibliometric method [31,32,33,34,35,36]. These studies connect food security with other keywords, providing a quantitative review paper based on research publications. It is a developed method that allows the calculation and evaluation of written communication [37], quantitatively identifying the trend and the characteristic of a specific research topic based on different indicators [38,39], and concentrating on research titles, keywords, affiliations, authors, and journals where they were published [40]. In our research, Web of Science (WoS) provides the necessary database in our analysis. It is chosen in our research study as the source which affords the articles. WoS has been chosen because of many reasons. It is considered the widest and recommended source by previous studies [41]. It includes the top three ranked citation indices that are most acknowledged and universally cited [42].



Data


The analyzed documents used in this study have been extracted from the Web of Science with advanced research on 9th of June 2020 using the keyword TS = ((“food security” or “food security index”) and (“price” or “price volatility” or “price transmission”) AND (“food” or “agriculture” or “agricultural commodity” or “agricultural product”)).



The inputs are the downloaded papers from the Web of Science. Articles in the English language are the only documents that have been considered. R Studio version 3.5.3 (https://rstudio.com/products/rstudio/download/ Accessed on 11 March 2019) is free, open-source software, and it could be installed easily. There are numerous open-source packages available that help to carry out the specific user-driven functions in R Studio. The Bibliometrix package (http://www.bibliometrix.org, version 3.0.1, Accessed on 25 November 2020) is one of the different available packages dealing with bibliometric analysis [43]. It is fundamentally established for bibliometric analysis. In this research, the Bibliometrix package was employed for data investigation and explanation.





3. Results and Discussion


3.1. General Characteristics of the Bibliometric Analysis


Table 1 describes the main information about the analyzed articles based on our keywords research.



As highlighted in Table 1, the Web of Science database search output was 899 publications from 1979 till the 9th June 2020. These articles have been elaborated by 2566 authors and published in 429 sources. Figure 1 shows the number of publications’ repartition over the years, and the curve presents the cumulative publication number. It reveals an expanding, with some fluctuation, of the number of publications from 2005.It shows the developing focus on the topic. From 2007 to 2014, the number of publications noticeably increased from 12 papers to 79 papers. It reached 109 research papers in 2019.



The cumulative number of publications followed an upward trend. It could be divided into three phases according to the speed of the increase. The first phase spanned from 1979 till 1998. The second one, which had a lower speed than the first phase, covers the period from 1999 to 2007. The last phase, which had the highest speed of increase, started from 2008 to 2020.




3.2. Verification of Lotka’s Law


Lotka’s law indicates author productivity [44]. It exhibits the relationship between the author and the publication numbers. The general form of Lotka’s law is X n=    C Y    where X is the number of publications, Y is the number of authors who published X publications, and n and C are constant. Using the function in R studio language, L = lotka (results), n = 3.626, C = 0.778, R2 = 0.975 and p-value is 0.056. C = 0.778 is the percentage of the total author number, which is equal to 1996.



Figure 2 presents the curve of Lotka’slaw. It shows a strong correlation between the percentage of authors and the number of publications, R2 = 0.975. As shown in Table 2, only 7.9% of the total authors (203 authors) have published twoarticles. Furthermore, 5% of the total authors (12 authors) contributed with fourarticles




3.3. Source Patterns


A total of 899 scientific papers have been produced between 1979 and 2020 in 429 journals. Table 3 and Figure 3 describes the journal classification.



As displayed in Figure 3, there are two most relevant and top-ranked sources. The first source is the journal of food security, which is in first place with the highest number of publications (58 articles), followed by the food policy journal (53 articles). Both journals are Q1 ranked. The sustainability journal occupies third place with 17 articles.



h_index is a specific index which combines the productivity and the impact of the citation of journals. As highlighted in Table 3, the food policy journal had the highest h_index and total citations with the first citation in 1993. The food policy journal has 1325 citations, followed by the food security journal with 833 citations.




3.4. Main Authors


Table 4 presents the total number of authors found and their contribution authorship (single or multi authors). A total of 2566 authors have been found. A total of167 authors had (6.5% of the total authors) held single-authored documents, while 2399 (93.5%) had multi-authored articles.



To assess the author’s dominance, we used the Dominance Factor (DF), which counts the rate of the number of articles where the author is the first over the number of multi-authored articles. As highlighted in Table 5, the first place is occupied by Groshans G.R. He is the first author in all his multi-authored papers. The dominance factor is equal to 1. The second author is Brown M.E., and he has 0.750 as a dominance factor. He is the first author of three articles from a total of four papers.



Figure 4 and Table 6 highlight the most productive authors over time. The most productive authors are those who have contributed the maximum to the field. Based on Jorge Hirsch, who suggested the h-index in 2005, it means that each author has at least "h" citations of the published papers [45].



The size of the circles in Figure 4 designates the number of articles, and a bigger size means more publications. The color of the circles symbolizes the total citations per year; a darker color means more citations.



Table 6 displays the first ten authors classified based on their total article citations, indexes (h_index, g_index, m_index), total citations (TC), number of publications (NP), and the first year of publication (PY_start). The order of authors is determined based on the number of publications. Dorosh P.A. has the highest h_index (7), with eight publications that have been cited 216 times. Timmer C.P. is in second place with the same number of publications (8 articles) cited 155 times with six as h_index. Among the ten most productive authors, Timmer C.P. is the first author who started the publication in 2000.




3.5. Principal Countries


One hundred five countries are identified in the selected articles. A large number of countries could indicate the importance of the study field.



Table 7 describes the countries where authors collaborated inside the same country, Single Country Publications (SCP) and between countries, Multiple Country Publications, (MCP). Total articles (MCP+SCP) designate the total articles made with authors from the same country and multinational authors. Ten first countries with the highest number of publications are listed in Table 7. The number of single country papers exceeds the number of multiple country publications. The USA headed the list with 171 national publications, around 72% of the total published papers (domestic and international), followed by Australia with 50 local articles, representing 78% of the total publications. The USA had the highest MCP with 67 articles (28%). The United Kingdom published 30 domestic scientific papers from a total of 54 papers.




3.6. Keywords and Network Analysis


Constructing the keywords co-occurrence is an informative tool that recognizes the research composition. This method refers to the use of correlation measures between words, revealing their appearance relationships. The co-occurrence network highlights the link between keywords, forming a network map.



To investigate related keywords to food security and price dynamics, we present the first ranked 10 keywords based on their number of associations and the intensity level of their relationship. The first keyword was “food security”. Figure 5 identifies the keyword network. The color represents the cluster and links between rectangles show the strength level of the relationship between these keywords; a shorter distance signifies more intense association.



As highlighted in Figure 5, food security occupies the network hub, presented by the biggest rectangle. The keyword “Agriculture” is superposed on “food security”, reflecting the closeness between them, in other words, we cannot separate agriculture from food security.



The research’s main focus was placed on socio-economic and environmental aspects of food security such as climate change, health, poverty, price, and nutrition.



Following Figure 5, Table 8 identifies the first ranked keywords based on their co-occurrence. Food security is in first place with 77 co-occurrences, followed by the word security. Agriculture has 55 co-occurrences. The keyword price is among the first ten words, ordered by their appearance, with 44 co-occurrences. Based on these findings, food demand and consumption, income, health, and nutrition are emerging keywords in research studies. This highlights the importance of exploring the relationship between food price variability, available income, food nutritional value, and food security.



The dendrogram in Figure 6 displays the hierarchical rank and the connection between the ordered keyword groups. Multiple Correspondence Analysis (MCA) has been employed. It transforms a considerable number of variables into small structural groups of similar keywords. It helps to investigate and interpret the different identified clusters. It does not intend to find the perfect level of associations between clusters, but it aims to estimate the approximate number of clusters for further discussion.



The dendrogram of keywords approves what is presented in the keyword co-occurrence. Two clusters are identified. For the blue group, food security is linked to production and policies. For the red cluster, the word insecurity is related to quality, health, and income. Future research focuses on the production, household income, and access to healthy food, which affords them the necessary nutritive needed value to protect their health status.



As highlighted in Figure 7, the food security field is noticeably increasing over the years. This means that it is always the core interest of many researchers. The food security composite keywords are joined with the word "price" and "impact", which also rise with an important speed. This signifies the growing interest in research in this field.



In parallel with the decreased rate of under nourished people, food security research has followed an exponential movement. It confirms that research considers food security a crucial issue for the whole world. The keyword map displays that food security presents a complicated issue related to different fields, such as human health and nutrition and climate (environment).



Figure 8 shows that agriculture, food security, and climate change are always the core of the analyzed research papers. We notice as well that "consumption" and “price” are present with high importance. From this point, a relationship has been exposed in previous research using these keywords in the same research topic. A relationship could be established linking agriculture, security, food, price, and consumption. This proves the importance of research in food security and its impact and the word "price". The increasing curve of these keywords, "food security", "impact", and "price" confirms the rising research linking these three keywords.



In their seminal work, Muñoz-Leiva et al. (2012) [46] have analyzed the relative position of different topics according to their relationship within a network of a set of articles. In this way, combining the network and cluster analysis, they have defined four types of topics depicted in a two-dimensional coordinate system. These dimensions are suitable to describe the centrality and density of different topics.



The so-called motor themes are at the center of the research field: they are well developed and have a wide and intense relationship with other topics. The basic or transversal themes appear in the lower right part of the graph and can be considered as the backbones of the given set of publications. They can be characterized by high centrality and low density.



The highly developed but isolated topics can be characterized by high density and low centrality. There are intense academic communications within these topics, but their contribution is relatively marginal to the set in general. The emerging or declining themes can be characterized by low centrality and density.



We have divided the investigation period into two parts for convenience: up to the world economic crisis in 2008 and after this period. We have applied this approach to reflect the changes in economic thinking: the crisis has highlighted the vulnerability of the global economic system [47], and on the other hand, it has shown the importance of new market players, first of all, China [48].



The basic themes in the first period (Figure 9) were the supply of a rapidly developing population with rice and stabilization. Other important basic topics were the set of costs—price relationships, access, and availability. The application of cointegration has been on the border between basic and motor themes. The most important emerging topics in this period were the effects of climate change on hunger, health, and the environment. Interestingly, the studies analyzing the problems in Africa were rather peripheral ones.



In the second period (Figure 10), practically in the last decade, some general topics (e.g., cost-price analysis, cointegration, land use policy analysis) became standard categories and became basic themes. Such relatively new topics, e.g., economic aspects of bioenergy production, have gained importance. The price distorting effects of subsidies became central topics. In recent years, it became obvious that obesity cannot be considered a local problem anymore. Under these conditions, the economic aspects of obesity became motor themes. Some relatively new topics emerged as new problems, such as price transmission, network analysis, and supply chain management.



Figure 11 exhibits the link between countries, keywords, and sources. The rectangle’s size describes the importance of the word: the bigger the rectangle, the more important the country, keyword, and journal.



This supports what was analyzed in the previous sections. The USA has published more articles on food security. Food security is the most prominent topic that the authors’ keywords have mentioned. The analysis of the top countries, sources, and keywords shows that there were four main countries (i.e., the USA, Australia, and the UK) and four main sources (i.e., food security, food policy, sustainability, and global environmental change-human and policy dimensions) highlighting solid links with the literature’s main research topics (i.e., food security and food prices).



This shows the relations between the countries, the principal authors’ keywords, and sources. This diagram demonstrated which countries treat the food security and food price change of publications, the core author keywords used in these publications, and the sources they have published. As presented in the figure, the USA headed the country list, which focuses on food security as a keyword; their publications are mainly in food security and food policy journals. Climate change was the second important keyword used mainly by American authors.





4. Conclusions


This study is considered the first bibliometric study which joined food security and price change. We presented a statistical analysis of the global scientific literature on food security and price dynamics based on these words. It analyzed the main characteristics of journals, authors, countries, and keywords. It investigated the relationship between them. Developed countries highly participate in developing research in this field, showing essential multinational cooperation. Food policy and food security are the two sources gaining the most citations.



It is highlighted that price, food security, and impact are growing over time in the research keywords. It has been highlighted that not only developing countries are interested in food security and price analysis. It has been found that when maintaining the same income, an increase of 50% in food prices leads to a decrease of 30% in iron intake [49].



Further research is needed to investigate and measure the empirical impact of food price volatility on food security. It is noticeable that climate change, health, and income appeared as merging keywords. This gives the attention to associate the food security assessment with people’s health status, food nutritive values, and the capability of earned income to ensure stable nutritious food. With the spread of COVID-19, it is crucial to develop empirical studies examining the income, price changes, and climate change effects on nutritious food access and agricultural products and food availability (local production and import) during the crisis (e.g., the pandemic).The emerging direction consists of developing research that focuses on the dietary pattern and how the price could reduce the nutrient intake (e.g., zinc, iron, vitamins), which harms health.



Two main limitations are noticed: first, not all papers of 2020 are covered, only six months were considered, and only the Web of Science database was employed to retrieve the publications on food security and the price dynamic. Future analyses could encompass recent years and other databases (e.g., Scopus) to capture the newly emerged scientific article deviations.
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Figure 1. Distribution and cumulative publication over the years. Source. Own elaboration based on R studio output. 
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Figure 2. Lotka’s law curve. Source R studio results. 
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Figure 3. Classification of journals according to the publication number. Source R studio results. 
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Figure 4. Authors’ production over time. Source. R studio results. 






Figure 4. Authors’ production over time. Source. R studio results.



[image: Agriculture 11 00263 g004]







[image: Agriculture 11 00263 g005 550] 





Figure 5. Keywords co-occurrence analysis. Source R: studio results. 
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Figure 6. Keywords dendrogramusing a hierarchical clustering method. Source R studio results. 
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Figure 7. Change and evolution of keywords over time. Source R studio results. 
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Figure 8. Word map of keywords. Source R studio results. 
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Figure 9. Strategic map of publications up to 2008. Source R studio results. 
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Figure 10. The strategic map of topics between 2009 and 2021. Source R studio results. 






Figure 10. The strategic map of topics between 2009 and 2021. Source R studio results.



[image: Agriculture 11 00263 g010]







[image: Agriculture 11 00263 g011 550] 





Figure 11. Three fields plot: relations between countries (left), author keywords (middle), and sources (right). Source R studio results. 
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Table 1. Main information about retrieved data from the Web of Science.
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	Description
	Results





	Time
	1979–2020



	Sources (Journals, Books, etc.)
	429



	Documents
	899



	Average years from publication
	6.2



	Average citations per document
	14.19



	Average citations per year per doc
	1.843



	References
	33,244



	Article
	815



	Article; book chapter
	45



	Article; data paper
	1



	Article; early access
	13



	Article; proceedings paper
	25



	Keywords Plus
	1489



	Author’s Keywords
	2505



	Authors
	2566



	Author Appearances
	2904



	Authors of single-authored documents
	167



	Authors of multi-authored documents
	2399



	Single-authored documents
	182



	Documents per Author
	0.35



	Authors per Document
	2.85



	Co-Authors per Document
	3.23



	Collaboration Index
	3.35
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Table 2. The number of articles published by the number of corresponding authors.
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	B = Number of Articles
	N. of Authors
	A = Frequency





	1
	2314
	0.902



	2
	203
	0.079



	3
	29
	0.011



	4
	12
	0.005



	5
	3
	0.001



	6
	3
	0.001



	8
	2
	0.001







Source R studio results.
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Table 3. Journals’classification based on their impact.
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	Source
	h_Index
	Total Citations
	Start Year





	Food Policy
	20
	1325
	1993



	Food Security
	15
	833
	2009



	Global Environmental Change-Human and Policy Dimensions
	11
	584
	2010



	Agricultural and Forest Meteorology
	2
	449
	2003



	World Development
	10
	409
	1988



	American Journal of Agricultural Economics
	5
	300
	1992



	Agricultural Economics
	8
	298
	2001



	Proceedings of the National Academy of Sciences of the United States of America
	3
	256
	2012



	Journal of Nutrition
	6
	254
	2010



	Philosophical Transactions of the Royal Society a-mathematical physical and engineering sciences
	3
	245
	2011







Source R studio results.
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Table 4. Distribution of authors of single and multiple documents.
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	Authors
	Number of Publications





	Authors
	2566



	Authors of single-authored documents
	167



	Authors of multi-authored documents
	2399







Source R studio results.
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Table 5. The dominance of authors.
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	Author
	Dominance Factor
	Multi-Authored
	First Authored
	Rank by Articles
	Rank by DF





	1
	Groshans G.R.
	1.000
	5
	5
	3
	1



	2
	Brown M.E.
	0.750
	4
	3
	8
	2



	3
	Dawe D.
	0.666
	3
	2
	6
	3



	4
	Timmer C.P.
	0.500
	2
	1
	1
	4



	5
	Huang J.
	0.500
	6
	3
	3
	4



	6
	Anderson K.
	0.500
	2
	1
	6
	4



	7
	Goetz L.
	0.500
	4
	2
	8
	4



	8
	Hertel T.W.
	0.500
	4
	2
	8
	4



	9
	Dorosh P.A.
	0.400
	5
	2
	1
	9



	10
	Havlik P.
	0.166
	6
	1
	3
	10







Source R studio results.
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Table 6. Authors’ productivity classificationby total h_index.
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	Author
	h_Index
	g_Index
	m_Index
	TC
	NP
	PY_Start





	Dorosh P.A.
	7
	8
	0.350
	216
	8
	2001



	Timmer C.P.
	6
	8
	0.286
	155
	8
	2000



	Brown M.E.
	3
	6
	0.200
	51
	6
	2006



	Havlik P.
	6
	6
	0.545
	530
	6
	2010



	Huang J.
	4
	6
	0.500
	82
	6
	2013



	Anderson K.
	4
	5
	0.190
	62
	5
	2000



	Dawe D.
	4
	5
	0.286
	73
	5
	2007



	Obersteiner M.
	5
	5
	0.455
	419
	5
	2010



	Durand-morat A.
	2
	4
	0.333
	36
	4
	2015



	Glauben T.
	2
	4
	0.250
	42
	4
	2013







Source R studio results.
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Table 7. Classification of corresponding author’s country and scientific production.
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	Countries
	Total Articles (SCP + MCP)
	Single Country Publication (SCP)
	Multiple Country Publication (MCP)
	MCP Frequency





	1
	USA
	238
	171
	67
	0.2683



	2
	Australia
	64
	50
	14
	0.0722



	3
	United Kingdom
	54
	30
	24
	0.0609



	4
	China
	51
	30
	21
	0.0575



	5
	Italy
	38
	22
	16
	0.0428



	6
	Germany
	37
	20
	17
	0.0417



	7
	India
	34
	30
	4
	0.0383



	8
	Canada
	25
	19
	6
	0.0282



	9
	France
	23
	12
	11
	0.0259



	10
	South Africa
	23
	19
	4
	0.0259







Source R studio results.
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Table 8. Top ten author keywords and their co-occurrence.
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	Keywords
	Co-Occurrences





	food security
	77



	security
	56



	agriculture
	55



	impact
	53



	climate-change
	49



	impacts
	48



	price
	44



	health
	39



	poverty
	39



	management
	38



	insecurity
	35







Source R studio results.
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