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Abstract: The thirty journal articles dealing with the relationship between climate change and
agriculture (the latter is treated in general, i.e., as an industry) and which have gained >1000 citations
are thought to be sources of the most precious information on the noted relationship. They were
published between 1994 and 2011. Many are authored by West European and North American
experts. The most-cited articles are attributed to three major themes and eight particular topics,
and the best-explored topic is the influence of climate change on agriculture. Moreover, they provide
some essential information about the strong relation of both agriculture and climate change to
energy transition. The general frame characterizing complex interactions of climate change and
agriculture development is proposed on the basis of the most-cited works, but it needs further detail,
improvement, and update. The considered articles are basic sources with historical importance.

Keywords: bibliographical survey; climatic factor; energy industry; sustainable development;
world agriculture

1. Introduction

Global climate change has intensified in the last third of the 20th century, and it remains one
of the most important environmental problems [1,2]. This phenomenon, as well as its multiple
consequences for biodiversity, several planetary systems, and ecological processes have been addressed by
the Intergovernmental Panel on Climate Change (IPCC) [2] and discussed, particularly, by Adger et al. [3],
Bellard et al. [4], Crowley [5], Giorgi [6], Parmesan and Yohe [7], Patz et al. [8], Ramanathan and
Carmichael [9], Solomon et al. [10], Trenberth [11], and Walther et al. [12] and more recently by Edmonds
et al. [13], Huang et al. [14], Konapala et al. [15], Molina et al. [16], and Sanderson and O’Neill [17].
These works (among many others) provide clear evidence that human activity challenges the global
environment in the form of the climate change, and this challenge affects society and its sustainable
development. Adaptation, mitigation, and, more generally, creative thinking are required to address
this challenge.

Undoubtedly, all major industries of the world economy are and will be disturbed by climate
change, but agriculture seems to be the most vulnerable from them because its productivity depends
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on climate conditions; moreover, agricultural development has a heavy environmental impact
(see the literature reviewed below). The relevant knowledge, which has accumulated during several
decades of intense international research, is outstandingly rich. According to the bibliographical
database Scopus, boasting significant completeness and embracing thousands of scientific journals,
there are about 40,000 works discussing various aspects of the relationship between climate change
and agriculture (see the parameters of such a literature search below). If so, every researcher in
this field (especially the newcomer) faces a serious challenge: the number of the sources is too
big to treat them efficiently with qualitative literature reviews or even bibliometric approaches.
Moreover, frequent additions to this knowledge undermine the utility of such reviews soon after
their publication. To concentrate on more or less ‘narrow” lines of this research is another possible
approach [18,19], but the relationship between climate change and agriculture is too complex to avoid
tracing far-going and very general consequences and feedbacks. For instance, energy transition is
evidently related to both agriculture and climate change, and their joint action seems to be highly
complex. So, a general (even very general) picture would be strongly demanded by both the newcomers
and the senior researchers searching for themes for high-impact writing.

Among about 40 thousands of literature sources, there are a few works that are thought to
be the most important, trustful, and influential. Their outstanding value is demonstrated by their
numerous citations in the other papers. Evidently, these works seem to be the most important, and, thus,
it appears to be reasonable to check what these works are and which issues they address. The objective
of the present paper is to re-visit the thirty most-cited articles dealing with the agriculture-climate
change relationship, with three particular aims. First, itis intended to collect the relevant bibliographical
information and to provide the general characteristics of the most-cited works. Second, it appears
necessary to link logically different pieces of the outstanding knowledge available ‘here and there’
in the literature. Third, it is intended to discuss whether the most-cited works provide a more or
less comprehensive vision of the relationship between climate change and agriculture. This paper
is not a subject review and does not aim at comprehensive characteristics of the noted relationship.
Actually, it is based on a bibliographical survey and qualitative content analysis, with details explained
below. This paper starts with the general characteristics of the selected literature. Special attention
is paid to the relevance of the agriculture—climate change relationship to the problem of energy
transition. This problem is emphasized because one of the aims of the energy transition is climate
change mitigation and agriculture, on the one hand, depends on the energy transition, and, on the other
hand, it is able to contribute to this (e.g., via biofuel production). Then, the main research themes
linked to the relationship between climate change and agriculture are identified. Finally, the general
contribution of the most-cited articles to the understanding of this relationship is discussed.

2. Bibliographical Survey

2.1. Methodological Remarks

The literature describing the relationship between climate change and agriculture constitutes
the material of the present study. The online bibliographical database Scopus is used to select
the most-cited articles dealing with this relationship. This database is preferred because of its
significant coverage (especially after 2005) and easy functionality. The search is generally realized with
the basic keywords, and the procedure is explained below.

The analysis itself consists of two procedures. First, the basic characteristics of the selected
articles are examined. These include the number of citations (total and average annual), the year of
publication, the number of authors, the authors’ country affiliations, and the bibliometric parameters of
the journals where the articles appeared. These characteristics shed light on the research that resulted in
the most-cited articles. Indeed, there may be some papers with the average annual number of citations
higher than those of the most-cited articles selected for the purposes of this study. This issue is not
addressed in the present paper because its analysis would require separate study; moreover, it is evident
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that the ordinary users of Scopus pay attention to the total number of citations only. Second, the content
of the selected literature is addressed qualitatively. The general/global versus regional/country focus is
established. Then, the topics of the articles are outlined (this is an intuitive and somewhat subjective
procedure, but it is essential for literature categorization). Articles with a similar focus are attributed
to the same topics. All topics are analyzed critically to find their logical connections, which allow
‘delineation’ of the major themes consisting from one to several topics. This analysis is tentative and
does not pretend to be fully universal. Nonetheless, the literature categorization provides useful
material for quick orientation within the general problem of the agriculture-climate change relationship
(as it is reflected by the most-cited works). The relevance of the considered articles to this problem
is examined: the most-cited works can bear important notions on this relationship linked to any
other issue (low relevance), mix the extensive treatment of this relationship with the other knowledge
(medium relevance), and be fully dedicated to the relationship (high relevance). This relevance indicates
the degree of development of each theme in the most-cited papers.

2.2. Selection of Articles

The on-line bibliographical database ‘Scopus’ is searched to find all sources bearing the words
‘climate change(s)’ and ‘agriculture(-al)’ in their titles, abstracts, and key words. The entire time span
represented in this database is taken into account. The number of these sources is ~38,000 (as of 7 July
2020). Naturally, these differ by the number of their citations in the other works. Among these sources,
there are <50 journal articles that were cited more than 1000 times. These seem to be the cornerstone
publications that are in the focus of the present study. The latter deals with only those papers
that consider agriculture in general, i.e., not those papers that pay attention to the very particular
issues (e.g., livestock practices) and omit notions to agriculture in their titles, abstracts, or key words.
Alternatively, the number of possible papers to filter would be larger, but it appears unrealistic to treat
all of them, as well as to make the sample fully homogeneous. Nonetheless, a tentative experimental
search in the database has shown that the words “agriculture” or “agricultural” exist often in the papers
addressing very ‘narrow’ aspects.

Initially, all journal articles (45 items) dealing with the relationship between climate change and
agriculture and with a number of citations higher than 1000 are chosen. However, it is evident that
these include several sources where the above-mentioned words appear ‘occasionally” and in any other
context. The content of each initially chosen paper is checked ‘manually’ in order to select only those
articles that really deal with the noted relationship. A total of 30 articles are detected this way (Table 1).
These articles still differ by the number of citations and the relevance to climate change and agriculture,
and these issues are addressed below. Nonetheless, these seem to be really outstanding publications.

Table 1. The articles considered in the present study.

T f i
Number of Citations in Scopus Number of Countries

. Number of Authors from the
Article  Year (as of 7 July 2020) Authors’ Affiliations
Total Average Annual
1
[20] 2010 1026 114 3 (UK)
9
(Belgium, Denmark,
[21] 2005 2079 149 33 Finland, France,
Germany, Italy, Spain,
Switzerland, USA)
[22] 2009 1126 113 28 !

(UK)
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Table 1. Cont.

Number of Citations in Scopus Number of Countries

. Number of Authors from the
Article  Year (as of 7 July 2020) Authors’ Affiliations
Total Average Annual
2
[23] 1997 1474 67 3 (UK, USA)
1
[24] 2008 2585 235 5 (USA)
2
[25] 2005 6071 434 19 (UK, USA)
4
[26] 2011 3017 377 21 (Canada, Germany,
Sweden, USA)
1
[27] 2007 1128 94 6 (France)
1
[28] 2010 4613 513 10 (UK)
1
[29] 2003 1082 68 7 (Switzerland)
1
[30] 2003 1252 78 2 (USA)
1
[31] 2004 3360 224 1 (USA)
1
[32] 2004 1669 111 1 (USA)
1
[33] 2003 1332 83 3 (Belgium)
1
[34] 2008 1497 136 6 (USA)
1
[35] 2011 1606 201 3 (USA)
1
[36] 2010 3113 346 3 (Portugal)
4
[37] 2004 1012 67 5 (Austria, Spain, UK,
USA)
2
[38] 2004 1255 84 ? (China, Philippines)
3
[39] 2010 1564 174 16 (China, France, UK)
4
[40] 2010 2324 258 6 (Germany, Switzerland,
UK, USA)
1
[41] 1999 1196 60 2 (USA)
8
(Australia, Belgium,
[42] 2009 1850 185 29 Denmark, Germany, the

Netherlands, Sweden,
UK, USA)
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Table 1. Cont.

Number of Countries
Number of Authors from the
Authors’ Affiliations

Number of Citations in Scopus
Article  Year (as of 7 July 2020)

Total Average Annual

8
(Australia, Belgium,
[43] 2009 4608 461 29 Denmark, Germany, the
Netherlands, Sweden,
UK, USA)

2
(UK, USA)

1
(USA)

11
(Belgium, Finland,
France, Germany, the
Netherlands, South
Africa, Spain, Sweden,
Switzerland, UK, USA)

1
(Switzerland)

1
(USA)

1
(USA)

[44] 1994 1033 41 2

[45] 2009 1079 108 2

[46] 2005 1060 76 35

[47] 2010 1767 196 8

[48] 2001 2203 122 10

[49] 2011 2435 304 4

2.3. Basic Characteristics of the Articles

The selected articles dealing with the relationship between climate change and agriculture have
received from 1012 (minimum value) to 6071 (maximum value) citations (Table 1), with the mean value
of 2047 and the median value of 1585. Expectedly, the number of the articles with the higher number
of citations decreases exponentially (Figure 1). Although one can suppose that the ‘older’ papers
have gained naturally more citations than the ‘younger’ papers, this is not so in fact; for instance,
the papers with the noted maximum and minimum values were published very closely (Table 1).
Moreover, there were important papers before 1994 (when the ‘oldest’ of the considered articles that
reached the threshold of 1000 citations was published), but these ‘too early’ works, surprisingly,
have not gained 1000 citations (probably, they were published before the ‘critical mass’ of the literature
allowed extensive citation records or the scarcity of online bibliographical resources and open-access
mode of publishing limited their promotion among scientists). The average annual number of citations
of the considered articles differs substantially, from <50 to >500 per year (Table 1). Notably, the work
with the highest number of total citations [25] and the work with the highest average number of
annual citations [28] are not the same. Nonetheless, the correlation between the total and average
annual numbers of citations is strong (the correlation coefficient value is 0.91). The information from
Table 1 also stresses that the number of citations does not depend on the year of their appearance.
Some sources of the same year differ by the number of citations strikingly.
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Figure 1. Frequency distribution of citations of the considered articles.

The present study deals with the almost unlimited time span (it is limited by the only entire time
span of the resources of Scopus, which range from pre-19th century to 2021). However, the selected
articles were published within the time period of 1994-2011 (Table 1). Notably, the two most ‘productive’
intervals were 2003-2005 and 2009-2011, when the majority of the most-cited papers appeared (Figure 2).
Many most-cited articles appeared when the entire research field had started to grow (Figure 2).
As a result, these papers became the primary, contemporaneous sources for citations in the other
works. Together with the subsequent growth of the research, the specialists saw the already highly
cited sources that, thus, were cited even more. It is also notable that no paper published after 2011
attracted more than 1000 citations, although the number of the potentially citing works increased
substantially. Two possible explanations are the following. First, together with the increase in the number
of the relevant publications, the authors of the following works faced a necessity to choose which one to
cite. As a result, each new article, even if reporting results of outstanding importance, had less chance
to be cited. Second, it is also possible that the scientific progress required a shift from too general,
world-scale, and thus influential papers to those dealing with more particular issues in particular places
of the world, and such papers were cited less intensively. Anyway, the correspondence of the publishing
output and the citation dynamics is highly complex and non-linear, and, thus, it cannot be excluded that
the concentration of the most-cited articles on the two noted time intervals is occasional.

4500
4000
3500

3000

[
N
o
=)

2000

number of papers

1500

1000

Figure 2. Dynamics of publishing papers dealing with the relationship between climate change and
agriculture (brown line—all papers, blue numbers—the number of the most-cited papers by years).
The information for 2020 is strongly incomplete, which explains the sharp drop.
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The most-cited articles differ significantly by their author teams (Table 1). Although the majority
have two and more authors (the only two papers have single author), the number of the authors is
either relatively small or big (Figure 3). The mean number of authors is 10, and the median number of
authors is 6. This means that the considered articles are the products of collective rather than individual
work. In other words, groups (even “pools’) of experts and, speaking more broadly, relatively extensive
research networks were required to generate such valuable knowledge. This inference also stresses
the role of scientists’ consensus on global climate change as the environmental challenge of the world
agriculture. It is interesting to state that the papers with a single author boast a number of citations
above the median (Table 1), although the correlation coefficient between the number of authors
and the number of citation is low (0.23 in the case of total citations and 0.24 in the case of average
annual citations).

20
18
16
14
12

Mumber of articles
=

a 5 10 15 20 25 30 35
Murmber of authors

Figure 3. Frequency distribution of the author teams size in the considered articles.

Of big interest is how international (in regard to the authors’ affiliations) was the research that
resulted in the most-cited articles. The bibliographical information allows ambivalent judgments
(Table 1). On the one hand, many articles were written by the representatives of one-two
countries (often, these are the UK and the USA) (Figure 4). On the other hand, there are articles
authored by truly international teams (Table 1), and experts from a total of 19 countries authored
the considered articles taken entirely (Figure 5). One should also note that the authors represent
chiefly Western Europe and North America (Figure 5). Generally, it appears that the most-cited articles
dealing with the relationship between climate change and agriculture resulted from the limited
collaboration of experts representing different countries (when existing, this is chiefly North
American-European collaboration). Notably, international collaboration does not affect the number of
citations, because the correlation coefficient between the number of countries indicated in the author
affiliations and the number of citations is very low (0.08 in the case of total citations and 0.09 in the case
of average annual citations).
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25

Mumber of articles

a0 2 4 g 8 10 12 14
Mumber of countries

Figure 4. Frequency distribution of the number of countries indicated in author affiliations in
the considered articles.

Number of articles
e 1-2 e 3-5 e 6-10 e >10

Figure 5. Geography of the authorship (country affiliations of the authors) of the considered articles.

The thirty articles considered in this study appeared in fifteen journals (Table 2). Two of them,
namely Science and Nature hosted half of all articles. Although all fifteen journals boast outstanding
metrics (high impact factor, high CiteScore value, and top quartile), they differ substantially. For instance,
the impact factor ranges between 3.3 and 60.4 (Table 2), which complicates the relationship between
journal prestige and the number of citations of the papers published there. Apparently, publishing in
a high-prestige journal (every journal listed in Table 2 is high-prestige) is enough to make the paper
highly citable, irrespective of whether this journal has higher or lower metrics relative to the other
prestige journals.
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Table 2. Bibliometric characteristics of the journals where the considered articles were published.

Bibliometrics (for 2019)

Journal Number of Articles Web of Science Scopus

Impact Factor Quartile  CiteScore Quartile

Annual Review of Environment

and Resources 1 8.065 1 15.8 1

Annual Review of Plant Biology 1 19.54 1 32.8 1
Ecology and Society 1 3.89 1 7.5 1
Earth-Science Reviews 1 9.724 1 15.0 1
Geoderma 1 4.848 1 7.6 1

Global Biogeochemical Cycles 1 4.608 1 9.4 1
Global Environmental Change 1 10.466 1 17.0 1
et 1 wro 1z s
Nature 7 42.778 1 51.0 1

Plant and Soil 1 3.299 1,2 5.9 1

Proceedings of the National
Academy of Sciences of 3 9.412 1 15.7 1
the United States of America

Renewable and Sustainable

Energy Reviews 1 12.11 1 25.5 1
Science 8 41.845 1 45.3 1

The Lancet 1 60.392 1 73.4 1

Trends in Ecology and Evolution 1 14.764 1 22.3 1

3. Relevance to Energy Transition

The agriculture—climate change relationship has an important dimension that requires special
attention, also in regard to the reviewed literature sources. Energy transition is a fundamental
and multidimensional problem of modern civilization [50-54]. Particularly, its solution is aimed
at sustainable development of energy systems and industry in the whole, broad implementation
of clean, innovative energy-related technologies, more attention to renewable energy sources, etc.
Undoubtedly, the energy transition is not only important with regard to the global climate change and
sustainable world agriculture (and food security), but it is strongly related to these two planetary-scale
issues. The direct relevance of energy transition to the global climate change and the policies of
its mitigation on municipal, national, regional, and global levels is explained by Hoppe and van
Bueren [55], Fazey et al. [56], Newell and Bulkeley [57], Scheffran et al. [58], and Urban [59]. The strong
relation of agriculture to the energy transition is also discussed. Probably, the most important
contribution was made by Sutherland et al. [60] who explain how management of land and ecosystems
in agriculture relates it to the renewable energy transition, although this requires significant policy
support; moreover, these specialists note that agriculture competes with the electricity industry
over access to natural resources. Importantly, this study also demonstrates the full complexity of
the energy-agriculture—climate change nexus.

The literature reviewed in this work ‘touches’ the relevance of the agriculture—climate change
relationship, and not superficially. This issue is considered in several works. First, the rise of energy
demand together with the world agriculture development is noted by Foley et al. [25]. This means
that agriculture can be judged a factor challenging the energy transition. Second, several works focus
on energy crops and biofuel production. Fargione et al. [24] explain that whether low-carbon energy
sources and biofuels contribute to climate change mitigation or not depends on agricultural practices,
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and extensive clearance of forests and grasslands for energy crops results in too big carbon dioxide
emissions. Lal [31] focuses on the positive side of energy crops growing and lists this among the other
agricultural opportunities to mitigate the climate change. Mata et al. [36] stress the importance of
microalgae for biofuel production. This means that the new agricultural practice is able to facilitate
the energy transition with evident benefits for climate change mitigation. Generally, as biofuel production
is thought to be an instrument towards energy transition [61-63], this means that the success of
implementation of this instrument strongly depends on the mode of agricultural development. In other
words, agriculture plays a critical role for achievement of the energy transition in regard to biofuels
and the relevant policies.

Contrary to what will be said below about some thematic deficiencies of the most-cited articles
addressing the agriculture—climate change relationship, it appears that the selected piece of literature,
i.e., the thirty most-cited articles shed light on the relevance of this relationship to energy transition.
This issue is considered adequately and in a very balanced way. This means that the most-cited works
would be more or less enough for newcomers interested in the energy-agriculture—climate change nexus.
This finding can be also interpreted so that this nexus is of crucial importance for the understanding of
the relationship between climate change and agriculture. Nonetheless, the nexus has a lot of particular
aspects that are addressed in some important, but less-cited articles. For instance, Bardi et al. [64] raise
the theoretical question of agriculture adaptation to the energy transition and, particularly, to the use
of sustainable energy sources; Chai et al. [65] indicate the possible importance of agriculture-related
methane emissions as a new energy source; Safriel [66] hypothesizes that climate change and the relevant
desertification may create not only challenges, but also opportunities for solar energy production and
agricultural development. Importantly, the general ideas of the energy—agriculture—climate change
nexus and the above-mentioned particular aspects contribute to the understanding of how strongly
this nexus determines sustainable development in the modern world. It is worth noting the social
application (also in regard to sustainability) of the relevant issues [67].

4. General Research Themes and Key Findings

The most-cited articles dealing with the relationship between climate change and agriculture
are very different with regard to their content. Below, attention is paid to their geographical focus,
themes and topics, main findings, and relevance. These are detected on the basis of the critical reading
of each paper and the qualitative analysis of the context in which climate change and agriculture
are considered.

The most-cited articles are either of a general nature and address planetary-scale issues or region-
or country-focused. The former prevail, which is expected (Figure 6). Moreover, it is surprising that
there are some papers focusing on particular countries and, nonetheless, attracting such a big number
of citations. This means that there are issues of outstanding importance that can be analyzed deeply on
the basis of case examples. The papers with a regional or country focus deal with the USA, Brazil,
all of Europe, and China.

30

23%

Number of articles

General and ' Regional and
global focus  country focus

Figure 6. The focus of the considered articles.
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The content of the articles is rather diverse. Three major themes can be outlined, namely,
technologies, links, and adaptations (Table 3). These themes correspond to the main contexts in which
climate change and agriculture are considered in the most-cited articles. The themes are represented by
several particular topics (Table 3). Apparently, the most attention is paid to climate change influences
on agriculture. The development of agriculture as a factor of climate change is considered in a slightly
smaller part of the works. The thematic affinity of each considered paper is summarized in Table 4.

Table 3. Categorization of the content of the considered articles.

Abbreviation Theme Topic Number of Articles
T1.1. Technologies
Technologies addressing climate change 5
T (approaches, working schemes, and agriculture
procedures, etc.) T1.2. Technologies 2
addressing agriculture
T.2.1. Climate change 3
interacts with agriculture
T.2.2. Agriculture influences 6
on climate change
Links -
T2 (what influences on what) ) T.23. Climate Change 9
influences on agriculture
T.2.4. Linking through 4
general frame
T.2.5. Joint action of climate 1
change and agriculture
T3 Adaptations T3.1. Incentives 1

(pragmatic vision of the problem)

Table 4. Thematic affinity of the considered articles.

Article Theme Topic Relevance to the Agriculture-Climate Change Relationship

[20] T1 T1.1 High
[21] T T2.1 High
[22] T1 T1.2 Low
[23] T T2.1 Medium
[24] T1 T1.1 High
[25] T2 T2.2 Medium
[26] T1 T1.2 High
[27] T2 T2.2 Low
[28] T2 T2.3 Low
[29] T2 T2.4 Low
[30] T2 T2.2 Low
[31] T1 T1.1 High
[32] T1 T1.1 High
[33] T2 T2.5 Medium
[34] T3 T3.1 High
[35] T2 T2.3 High
[36] T1 T1.1 Low
[37] T2 T2.3 High
[38] T2 T2.3 High
[39] T2 T2.3 High
[40] T2 T2.3 Medium
[41] T2 T2.2 Medium
[42] T2 T2.4 Low
[43] T2 T2.4 Low
[44] T2 T2.3 High
[45] T2 T2.3 High
[46] T2 T2.4 Low
[47] T2 T2.3 Medium
[48] T2 T2.2 Medium

[49] T2 T22 High
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Theme 1 (Technologies) is represented by two topics, one of which deals with approaches in both
climate change and agriculture (T1.1), and the other topic focuses on agricultural approaches, although with
reference to climate change (T1.2). Five papers contribute to the topic T1.1. Atkinson et al. [20] consider
biochar application to soils. On the basis of the example from the Amazon Basin, they argue that
highly stable organic black carbon waste increases the agronomic fertility of soils and contributes
simultaneously to carbon sequestration. The authors extrapolate this knowledge to temperate regions.
Fargione et al. [24] address a serious dilemma of biofuel production. On the one hand, biofuel allows
reduction of greenhouse gas emissions. On the other hand, the relevant agricultural activities
require land clearing, which triggers increase in the amounts of carbon dioxide to the atmosphere.
The authors propose two solutions, namely, biofuel production from waste biomass and biofuel
production on degraded/abandoned agricultural lands. In his two articles, Lal [31,32] addresses
soil carbon sequestration as a tool to mitigate climate change. He indicates that the efficacy of this
tool depends, particularly, on agricultural practices, and the relevant technologies are ‘win-win’,
allowing to increase soil productivity and to reduce carbon dioxide emissions. Mata et al. [36] focus
on microalgae for biodiesel production. Their cultivation can be linked to agricultural activities and
facilitates renewable energy production, carbon sequestration, and improvement in agricultural food.
Two papers contribute to the topic T1.2. Costello et al. [22] call for improvement in agricultural
practices to increase carbon biosequestration. Foley et al. [26] review various solutions that would help
agriculture to minimize its environmental impact and, particularly, its contribution to climate change.
Essentially, the topic T1.2 is very similar to the topic T1.1. However, the authors of the T1.2 papers
pay more attention to a ‘green’ shift in agriculture. Taking the entire theme T1 critically, it is possible
to judge that it highlights many interesting opportunities, but it does not make clear how extensive
these agriculture- and climate-friendly solutions may be and how long would be the road from their
initial implementation to reaching the planetary-scale effects. The willingness and the readiness
of the farmers and the other stakeholders to implement such advanced technologies appear to be
questionable. Nonetheless, the local contribution to agricultural and climate change benefits with
the mentioned approaches is undisputable. It should be stressed that the majority of the articles of
the T1 theme demonstrate high relevance to the relationship between climate change and agriculture
(Table 4), which implies significant development of this theme.

The theme T2 (Links) includes five topics, each of which corresponds to a definite causal
relationship between climate change and agricultural development, namely their interaction (T2.1),
agriculture as a factor of climate change (T2.2), climate change as a factor of agriculture (T2.3),
phenomena linking through any general frame (T2.4), and joint action (T2.5). This theme is the most
diverse, and it embraces 73% of the considered articles. The topic T2.1 is represented by two papers.
Ciais et al. [21] explain that heatwaves in temperate regions (like the heatwave that struck Europe
in 2003) cause reduction in ecosystem productivity (also agricultural), increase in carbon dioxide
release to atmosphere, and reversal of carbon sequestration. Drake et al. [23] document the plant
response to the elevated concentrations of carbon dioxide in the atmosphere and argue for an increase
in nutrient use efficiency. These specialists extrapolated the noted effects to agricultural systems and
stressed their fundamental changes. Six papers can be attributed to the topic T2.2. Foley et al. [25] note
that the agricultural land expansion has limited the ability of natural ecosystems to regulate climate.
Fontaine et al. [27] propose that agricultural practices are able to destabilize carbon pool in soils and,
thus, to contribute to greenhouse gas emissions. Kalnay and Cai [30] model land-use changes linked to
urbanization and agricultural activities, and these changes are able to contribute sufficiently to climate
warming. Ramankutty and Foley [41] investigate changes in the global croplands during three centuries
and claim that such changes could influence climate. Tilman et al. [48,49] pay attention to extraordinary
environmental and climate change effects of the agricultural development and the relevant land
clearing. These specialists call for improvement in agricultural practices in the both ‘rich” and “poor’
countries. The topic T2.3 includes 30% of all considered articles. Godfray et al. [28] state that climate
change is among the threats for the agricultural production and food security. Lobell et al. [35] consider
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climate change as a significant negative factor of agriculture. They demonstrate that the decline in
the global maize and wheat production in the 1980s-2000s was driven by climate change, and the latter
can minimize positive effects of agricultural innovations. Parry et al. [37] consider several scenarios of
the agricultural response to the climate change. Particularly, they find that the latter will strengthen
regional differences of crop yields, with the negative socio-economic consequences (e.g., crop price
increase). Peng et al. [38] explain that global warming triggers higher night temperatures decreasing
rice yields. Piao et al. [39] conclude that it is impossible to state definite effects of climate change on
agriculture in China in the past decades. Potts et al. [40] find that climate change and agricultural
development are related, particularly, through pollinators, and the decline of the latter due to several
factors, including climate change, challenges crop production. Rosenzweig and Parry [44] suppose
that climate change will not alter significantly global food production, but such an influence will be
really major in developing countries. Schlenker and Roberts [45] forecast a significant drop in crop
yields (corn, soybeans, and cotton) in the USA in the 21st century because of the modeled climate
change. Finally, Seneviratne et al. [47] propose that the understanding of the soil moisture—climate
interactions helps to understand the perspectives of agriculture under climate change.

The topic T2.4 is represented by four papers. The works by Jolliet et al. [29], Rockstrom et al. [42,43],
and Schroter et al. [46] indicate the relevance of climate change and the agricultural development
to the major environmental challenges of modern society and put these into the general frame of
sustainability-related mechanisms, factors, and consequences. In other words, the noted works link
climate change and agriculture through a general frame. Undoubtedly, these papers are thought to
be highly influential, although their focus is much broader than the relationship between the two
phenomena. The topic T2.5 boasts the only paper by Lambin et al. [33] who consider cropland changes,
agricultural intensification and expansion, land clearing, and some other processes that accompany
climate change. Importantly, these specialists distinguish the climate change-agriculture interactions
from the influences of these phenomena taken separately. Generally, the entire theme T2 sheds light
on the causes of the links between climate change and agriculture. However, three peculiarities
of the relevant literature deserve criticism. First, the links are treated too generally, and these are
‘secondary-order’ inferences from more general studies. Second, the topics are illustrated with
representative, but very particular examples, and, thus, these topics do not boast comprehensive
coverage. Third, there are conclusions based on modeling—on the one hand, the models need permanent
update and refinement; on the other hand, no model escapes simplifications and, thus, these need
to be tested by the factual information. Apparently, all principal mechanisms of the relationship
between climate change and agriculture are considered within the theme T2, but this knowledge
seems to be enough for the only very general conceptual frame. Notably, only 35% of the articles
attributed to the theme T2 boast high relevance (Table 4), which means certain underdevelopment
or even ‘marginalization” of this theme in the most-cited articles considered in the present study.
Importantly, the articles attributed to the topic 2.3 are not only the most numerous, but also the most
comprehensive and boast high relevance (Table 4). This means that the climate change factor of
the agriculture development is largely well understood.

The theme T3 (Adaptations) includes the only topic T3.1 dealing with incentives, and this topic is
represented by the only paper of high relevance (Table 4). Lobell et al. [34] show that South Asia and
Southern Africa need adaptation to climate change to avoid agriculture failures and disturbance to
their food security. They call for adequate risk attitudes and investment activities. The importance of
this work is undisputable, but the entire theme T3 seems to be restricted in the most-cited articles.

5. Discussion

5.1. General Vision

The thirty most-cited articles considered in this study contribute substantially to a general frame
of the relationship between climate change and agriculture. First, these works prove that the global
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environmental challenge has two sides, namely, the climate change influences and the agricultural
influences (Figure 7). These influences can be both positive and negative, and these are realized via
different mechanisms. Second, the relationship is highly complex because of feedbacks (Figure 7).
Third, the articles highlight not only challenges to sustainability, but also opportunities to achieve this
sustainability (Figure 7). One of the most important opportunities is linked to carbon sequestration
in soil that can be facilitated by agricultural practices. Many considered articles also imply that
the agriculture—climate change relationship cannot be understood comprehensively if consideted alone.
In fact, many other mechanisms and phenomena (biological, socio-economical, etc.) should be taken
into account.

The critical analysis of the themes of the considered papers (see above) indicates some incompleteness
(these are found in the only most-cited literature, not in all ~38,000 publications). Several potentially
important topics are not found in the analyzed literature. For instance, these include (and not limited
to) livestock farming in the changing conditions, climate change influences on distribution channels
of agricultural products (and food trade networks), new challenges for local communities and labor
force under the climate change-agriculture interactions, cost of climate-friendly agricultural innovations,
new agricultural opportunities after climate amelioration, tax policy modification, etc. (these topics are
selected provisionally as nothing more than examples and with regard to the authors’ research experience;
many other topics can be proposed). Indeed, the literature on these topics is available (Table 5), but these
works are not among the most-cited. Some sources were available decades ago, but these are also
not among the most-cited. When the amount of literature is really vast, it is very probable that
the researchers (especially the newcomers) tend to base their own ideas on the most respected works.
When the latter do not provide some information, the chances for the rise of the relevant topics are
lower. A possible solution would come from the authoritative books (e.g., [68-70]). However, the book
distribution channels are significantly more limited than those of journal articles, and not all potentially
interested specialists may easily acquire the necessary book. Moreover, searching for highly cited
papers in the on line bibliographical databases appears to be a technically easier and logical option for
a newcomer than struggling with book collecting. Additionally, as shown above (Figure 2), the most-
cited articles are older than 2012. This means they do not bear certain up-to-date knowledge.

challenging

sustainability

(climate change acceleration,
productivity decline,

press on food security)

GLOBAL
AGRICULTURE CLIMATE
new
opportunities
(additional carbon sink
technological innovations,

new policy requirements)

ENERGY TRANSITION

Figure 7. The general frame for judgment of the relationship between climate change, agriculture,
and energy transition, as follows from the most-cited articles. Arrows within the circle represent

influences, arrows outside the circles represent outcomes.



Sustainability 2020, 12, 8015

15 of 20

Table 5. Selected topics extending the vision of the agriculture—climate change relationship.

Topic

Some Findings

Literature Sources

Year of Publishing;
Total Number of Citations

Livestock farming and

Negative effects on animal
husbandry with negative

climate change socio-economic effects (711 2020; 1
(e.g., increase in food price)
Climate change and European meat and dairy
distribution of supply chains are linked to [72] 2020; 1
agricultural products greenhouse gas emissions
Climate change-agriculture High percentages of labor forces
interactions as challenge to employed n agrlc.ulture of . .
local communities and an Australian region as a driver [73] 2018; 0
labor force of local vulnerability to
climate change
Economical and political The Climate-Smart Agriculture
aspects of climate-friendly Pr10r1t1zat.1 on Fre.lmework [74] 2017; 25
agricultural innovations (CSA-PF) in Mali as example of
successful adaptation scheme
. . Extending potential for wheat
dAfélth?itllil;?al tzpci(;:u:mes cultivation and higher wheat [75] 2018; 6
& yields in some areas of Russia
Nitrogen tax implementation in
Tax policy modification in gii?i?ﬁgzzi i?ii;ﬂy’ new [76]
regard to agriculture and (see also [77] for 2020; 0

challenges, similarly to raising
new taxes together with Internet
service growth

climate change general reference)

5.2. Utlity of the Most-Cited Articles

The results of the present study allow for discussion of the utility of the most-cited articles
for the understanding of the relationship between climate change and agriculture. Three lines of
evidence should be taken into account. First, the considered articles bear enough knowledge to
construct the conceptual frame of this relationship (Figure 7) and to realize the diversity of the latter
(Table 3). Second, not all articles demonstrate high relevance to climate change and agriculture
(Table 4), and the knowledge they provide may be incomplete (see above). The best-understood is
the influence of climate change on agriculture. Third, the most-cited articles reflect the opinion of
experts from a limited number of countries, not the entire international research community (Figure 5),
even if the scope of many articles is global. With regard to this evidence, it is possible to state that
the most-cited articles are really basic, ‘classical’ for the understanding of the relationship between
climate change and agriculture on the planetary scale, but their utility in modern research is somewhat
limited. Nonetheless, these articles are of evident historical importance, and they indicate the principal
research directions.

Previous research [78-80] has examined the role of the highly-cited papers in the modern
science. Some of their conclusions match the findings of the present study. Marx et al. [78] analyzed
the bibliographical records for climate change and noted some really outstanding papers, many of
which are of historical importance. The present study also indicates that the most-cited papers appeared
at the time of research acceleration (Figure 2), i.e., their historical role is outstanding. Liu et al. [79]
found that the highly cited papers in food science are often authored by US and Chinese specialists.
Ma et al. [80] investigated the highly cited papers from environmental science. They also found that
the number of these papers accelerates and that American and Chinese experts are especially productive.
These findings coincide with the outcome of the present study only partly: the most-cited papers are
not new and, thus, no acceleration in their number is visible (Figure 2), and the number of the Chinese
works among them is limited (Figure 5). Generally, the three above-mentioned papers, as well as
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the present study prove the utility of the highly cited papers in modern research. However, with regard
to the agriculture—climate change relationship, this utility appears to be lesser that in the other cases.

Currently, a discussion of the importance of the open-access mode of publishing articles for
attraction of the other researchers’ attention and citations goes on [81-83]. Undoubtedly, such a mode
can increase the influence of some articles. As for the literature considered for the purposes of
the present study, these works appeared before the mid-2010s when, apparently, the distribution
and the importance of open access was limited. However, when some sources gained importance,
their copies appeared for free in Internet. Such ‘open access’ contributes to the current promotion of
these papers and may stimulate the growth of their citations.

6. Conclusions

The present study combines the knowledge of the relationship between climate change and
agriculture from the thirty most-cited papers and examines the utility of the latter. Three very general
conclusions are possible on the basis of the findings of this study.

First, the thirty most-cited articles revealing the relationship between climate change and
agriculture were published within a limited time interval and chiefly by specialists from Western Europe
and North America. This implies certain biases. However, these articles appeared in high-reputation
journals, which is the sign of their outstanding importance (at least, historical).

Second, energy transition is reflected in several articles (the different functions of agriculture are
shown), which indicates a particular, but highly important issue. More generally, the content analysis
of the works implies that the complex interactions between global climate change and agricultural
development have as many negative effects as new opportunities for sustainable development.

Third, the most-cited articles can be judged as fundamental for the understanding of the relationship
between climate change and agriculture, but the knowledge from only them, when taken entirely,
does not avoid incompleteness. Nonetheless, the most-cited articles provide some essential knowledge
from a borderless research field (especially for the newcomers). Moreover, the most-cited articles form
a valuable basis for the understanding of the energy-agriculture—climate nexus.

The outcomes of the present paper imply that the conceptualization of the relationship between
climate change and agriculture is yet to become comprehensive in the most-cited articles. This conclusion
means new synthetic works by the world-leading experts are necessary to review this relationship on
a modern basis. Undoubtedly, a lot of knowledge is already available, but it is scattered over a big
number of works. In other words, specialists in climate change and agriculture need to make efforts for
systematization and proper communication of the available information, which is a task for theoretical
research. The researchers also need to train their vision to not miss some potentially valuable, even if
less-cited works, either old or new.
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