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Abstract Climate change is a reality that can be felt. There are more and more
symptoms: droughts, floods, global temperature change... This is causing public
opinion to react and worry. The scientific community is no stranger to this feeling and
is looking to science and technology, specifically artificial intelligence, for the means
and mechanisms to help reduce this impact. This study demonstrates that the scientific
community’s interest in artificial intelligence and climate change is a constant and
growing reality. To achieve this objective, a bibliometric study is used with the
following methodology: first, scientific papers related to artificial intelligence and
climate change are obtained from the Scopus database, then they are processed
through VOSviewer and analyzed by the dimensions of time, topics, and countries,
and finally a network map is visualized where it can be seen how climate change is
surrounded by areas related to artificial intelligence.

13.1 Introduction

In recent years, the perception of climate change (CC) has increased, the rise in
temperature is noticeable, not only as a sensation, affecting entire regions and more
directly farmers and ranchers, affecting the processing of commodities [1, 2].

Raw materials are becoming scarce due to their high demand, which is increasing
due to a more globalized and consumerist society. Technological development
requires greater consumption of minerals and raw materials whose exploitation also
affects CC. But technology can also be an ally in combating CC [3-5]. Being able to
predict when a catastrophe is going to occur and in which territory, analyze the terrain
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to optimize planting, use drones in agriculture, intelligently redistribute resources
based on algorithmic studies is just the beginning of what artificial intelligence (AI)
can do when applied to CC.

The scientific community has realized the need to solve CC and has found in Al
an ally to combat it.

This study first presents, in Chap. 2, a state of the art where several scientific
studies that relate Al to CC can be seen, but no bibliometric study of the last 5 years
has been found that relates it.

Then, a bibliometric study is presented, Chap. 3, with the main objective of demon-
strating the constant and growing evolution of scientific interest, based on the number
of scientific publications, on Al applied to CC. As a secondary objective, a network
of emerging topics related to Al and applied to CC is visualized.

The methodology used and described in Sect. 3.1 consists of six stages: estab-
lishment of the objectives of the analysis, data extraction, data preprocessing, multi-
dimensional analysis, network extraction, clustering and bibliometric visualization,
overall results of the analysis.

13.2 Related Work

Before carrying out this work, a previous study of the scientific literature that made
this type of review was carried out, for which a search was made in the Scopus
database for reviews of the terms artificial intelligence and climate change in the last
5 years without finding results that addressed these terms in their breadth. But we
did find articles, Table 13.1, that reviewed terms related to Al and CC as applied to
different areas:

Given the lack of studies that review the scientific production of IA applied to
CC, it was decided to carry out this bibliometric study that reviews its production in
the last 5 years.

13.3 Bibliometric Study

Based on the need presented in Chap. 2, this chapter presents a novel bibliometric
study that reflects the interest of the scientific community in Al applied to CC. First,
the methodology used is presented, followed by a description of each stage of the
study. This work has been supported by grant PID2022-1392970B-100 funded by
MCIN / AE1/10.13039/501100011033 and by “ERDF A way of making Europe”.
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Table 13.1 Review subcategories

Subject area Documents [6-43]
Engineering 13

Environmental science 13

Computer science 11

Energy 8

Social sciences

Agricultural and biological sciences

Earth and planetary sciences

Materials science

Biochemistry, genetics and molecular biology

Chemical engineering

Chemistry

Economics, econometrics and finance

medicine

Physics and astronomy

Business, management and accounting

Mathematics

Multidisciplinary

e ST E ST R ST S OO Y O G B e

Nursing

13.3.1 Methodology Used

A proprietary methodology is used in which data science techniques are employed
in a bibliometric study, using the CRISP-DM methodology as a basis. The method-
ology used [44] consists of six stages, which are presented in Fig. 13.1. This chapter
describes the methodology of the bibliometric study and each of its stages.

13.3.2 Set the Objectives of the Analysis

This chapter mainly determines the research topic, the years to be investigated and
the source to be used. This study uses as a source the Scopus database, a widely
accepted source of information in the scientific community [45]. The bibliometric
study analyzes the scientific production on the relationship between artificial intelli-
gence and climate change and will be studied in the last 5 years to analyze the growing
scientific interest, the interest of each country in this type of scientific production
and the main topics, as well as the related emerging areas through the visualization
of the main cluster network.
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Set the objectives of the analysis

Data extraction

Data preprocessing

Multi-dimensional analysis

Time Themes Countries

L 4

Network extraction, clustering and bibliometric visualization

Overall results of the analysis

Fig. 13.1 Methodology for bibliometric study

13.3.3 Data Extraction

Once the objectives were established, the data were obtained. For this study, the
Scopus data source was consulted, in which the terms “artificial intelligence” and
“AI” were used at the same time as “climate change” or “climate emergency” in the
query:

TITLE-ABS ((“artificial intelligence” OR “ai”) AND (“climate change” OR
“climate emergency”)).

This consultation has been carried out in June 2023 limiting it to the period
2018-2022, both inclusive.

13.3.4 Data Preprocessing

From the results obtained in the extraction, we select those that are really related to
the object of study. For this purpose, the VOSViewer tool is used [46], which allows
to automate a co-occurrence analysis between words and to manually select the terms
relevant to the study for the analysis.
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13.3.5 Multi-Dimensional Analysis

On the preprocessed data, the dimensions time, countries, and topics are analyzed.
First of all, it is worth noting the incredible increase in the number of scientific
publications related to Al and CC in the last 5 years, Fig. 13.2. Number of docu-
ments in period 2018-2022. The 2018-2022 period began with an annual produc-
tion of less than 100 articles, while in its final stage, it reached 400 articles. The
pandemic suffered by COVID-19 and the climatological effects influence the collec-
tive consciousness [47] and warn about CC. It is clearly demonstrated that the global
awareness of CC is received by the scientific community and attempts to solve it
through the use of technology, specifically through Al

In the period analyzed, the United States and China have led the scientific produc-
tion related to Al and CC, while Spain and France are in last place as producers of
content in this regard, although they also generate a remarkable volume, being among
the top 10 producers, Fig. 13.3. Documents by country or territory.

It is interesting to see how the areas that mainly cover the application of Al on the
CC are not only the classic engineering or computer science, Fig. 13.4. Documents
by subject area, also the areas related to sustainability are beginning to be interested.

Documents by year
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100

2018 2019 2020 2021 2022

Year

Fig. 13.2 Number of documents in period 2018-2022



144 J. J. Galan Hernéandez et al.

Documents by country or territory

Compare the document counts for up to 15 countriesfterritories.

United States
China

India

United Kingdom
Italy

Canada
Germany
Australia

Spain

100
Documents

France

o
%]
S
=
@
£=1
o
S
3
—
5
&
S
=
oS
S

200
Fig. 13.3 Documents by country or territory

Documents by subject area

Other (15.6%) Computer Scienc... (16.4%)

Business, Manag... (3.3%)

Mathematics (3.5%)

Decision Scienc... (3.6%) Engineering (15.5%)

Energy (5.5%)

Agricultural an... (6.1%)

 Environmental S... (13.2%)

/

Earth and Plane... (7.9%)
\
Social Sciences... (9.5%)

Fig. 13.4 Documents by subject area

13.3.6 Network Extraction, Clustering, and Bibliometric
Visualization

Now that the main dimensions have been analyzed, using the VOSViewer tool, we
obtain the main cluster that surrounds the main term Climate Change, with which
the network is visualized, Fig. 13.5. Network extraction.
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Fig. 13.5 Network extraction

This network is obtained from the bibliometric study, which clearly shows the
emerging areas related to CC that are part of the Al environment, such as: machine
learning, deep learning, internet of things, learning system, agricultural robots, or
neural networks.

13.3.7 Opverall Results of the Analysis

During the different stages of the methodology employed, the period 2018-2022 has
been analyzed to evaluate the scientific interest on Al applied to CC. The following
results stand out in this analysis:

— There is a constant and growing interest from the scientific community to
investigate Al in relation to CC.

— The United States is leading this research.

— Countries that traditionally have a good climate, such as Spain and France, are
emerging as countries interested in IA research with CC.

— Research on Al applied to CC goes beyond the area of knowledge of engineering
and is a research to be considered in other disciplines such as sustainability.

— Emerging areas related to Al such as machine learning or neural network are
emerging around CC.
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13.4 Conclusions

The main conclusions of this study are as follows:

There is a significant increase in the number of scientific publications related to
Artificial Intelligence (AI) and Climate Change (CC) in the last 5 years, indicating
a growing interest from the scientific community in investigating this area.

The United States and China are the leaders in scientific production related to Al
and CC, while Spain and France also generate a notable volume of content in this
field.

Research on the application of Al to CC extends beyond traditional engineering
and computer science disciplines, encompassing other areas such as sustainability.
Emerging areas related to Al in the context of CC are identified, including machine
learning, deep learning, the Internet of Things, learning systems, agricultural
robots, and neural networks.

In summary, this study demonstrates a growing interest from the scientific commu-

nity in exploring the role of Al in addressing Climate Change. It highlights a global
awareness of CC and an effort to leverage Al technology to tackle this challenge.
The results also emphasize the importance of international collaboration in research
and the need to approach CC from multiple disciplines.
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