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Abstract. Introduction. The population has the right to receive information about the resources it
consumes. Given the increase in environmental pollution, there is a need to educate everyone about the
use of water. This will make it possible to demand its quality and contribute to the adaptation caused by
climate change.

Aim. The study aims to carry out a bibliometric analysis of water use in the context of climate
change.

Methodology and research methods. The PRISMA method was used for this study. The Scopus da-
tabase was selected because of its multidisciplinary nature. The search term was checked against the
UNESCO Thesaurus. The data were analysed using the R-studio software and the Biblioshiny interface.

Results. A total of 1738 documents were analysed and it was verified that the research topic quad-
rupled its scientific production since 2012. It was found that the highest scientific production is 18 doc-
uments per author; with Swiss journals located in Scopus Q1 are the most prominent and prioritising
the research topic. It also highlights that the common themes of the papers are water supply, water use
efficiency, and water management. In the same vein, the conclusion is that it is necessary to question the
unjustified use of water; otherwise, the resource could disappear.

Practical significance. This study demonstrates the need for the population to learn the meaning of
responsible water use, which is why it is recommended that education on water use be implemented to
counteract the effects of climate change.

Keywords: education, climate change, learning, rights, environmental pollution, water scarcity,
R-studio software.
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AnHomauus. Beedenue. HaceneHne umMeeT IpaBo IMOAy4YaTh MHGOPMAIMIO O TIOTPEOISIEMBIX UM
pecypcax. YauTbiBast pOCT 3arpsi3HEHMST OKPY3KaloIleii cpefibl, Heo6XoamMmMo MHGOPMMUpPOBaTh BCeX 06 1C-
0JIb30BAHUY BOJIbI. ITO MIO3BOJIUT TPEOOBATD YAYUIIEHNMS €€ KauecTBa 1 OyieT Crioco6CTBOBATh a/larTa-
VY, BBI3BAHHOI M3MeHeHMeM KJIMMaTa.

Llens viccemoBaHmst — IpoBeeHe GMOIMOMETPUYECKOTO aHa/I3a BOJOIIOIb30BaHMsI B KOHTEKCTE
M3MEHeHMsI KIMmMaTa.

Memodonozus, memodsl u memoduku. JIJs 3TOTO MCCAeIOBaHMSI UCIOIb30Bacs Mmeton PRISMA.
Basa maHHbBIX Scopus 6blIa BhIOpaHa M3-3a €e MEKAVCIUIUIMHAPHOTO Xapakrepa. [I0MCKOBbI TepMIUH
npoBepeH no Te3aypycy IOHECKO. [laHHble MpoaHaJIM3UPOBAHbI C MUCIIOIb30BaHNEM IIPOTPAMMHOIO
o6ecrieuenus R-studio n untepdeiica Biblioshiny.

Pe3ynsmamet. ABTOpaMu IpOaHaIM3MPOBAHO B 001l CIIOKHOCTM 1738 MTOKYMEHTOB U TIOATBEPIK-
neHo, uto ¢ 2012 roma 06beM HayUHBIX UCC/IEAOBAHMI YBEIMUMJIICS B UEThIPe pa3a. BbUlo ycTaHOBIIEHO,
YTO HAMBBICIIASI HAYYHASI TPOSYKIVS COCTAB/IsIET 18 JOKYMEHTOB Ha OHOTO aBTOPa, TPUYeM HIBeiap-
CKIi€ KypHaJIbl, pacrioyioskeHHbie B Scopus Q1, siBisiioTcst Hanbosee 3aMeTHbIMM ¥ TIPUOPUTETHBIMU ISt
TeMbl UCCIeoBaHMs. TakKe MOJYEPKUBAETCS, UTO OOIIVIMIM TeMaMy JJOKYMEHTOB SIBJISTIOTCSI BOLOCHA6-
skeHue, 3¢ HeKTMBHOCTD BOJOTIONB30BAHMS U YIIpaBIeHNe BOSHbIMM pecypcamu. ClenaH BBIBOI O He-
06XOIMMOCTY TTOCTaBUTh IOJ] COMHEHIE HEOTpaBJIaHHOEe UCIIONIb30BaHMEe BObI, MHAUE PECYPC MOXKET
UCUE3HYTb.

TIpakmuueckas 3Hauumocms. DTO MCCIENOBaHME CBUIETENBCTBYET O HEOOXOAVMOCTM YCBOEHUSI
HaceJeHeM 3HaUYeHUsI OTBETCTBEHHOTO BOAOTIOIb30BaAHMS, I03TOMY PEKOMEH/IyeTCsI IIPOBOAUTD TTPO-
CBETUTENIbCKYI0 paboTy MO BOIIPOCAM BOZAOIOIb30BAHMS B LIE/ISIX MPOTUBOLENCTBUS TTOCTECTBUSIM 13-
MeHeHUs KMara.

Knrouesste cnosa: o6pasoBaHie, usMeHeHe KIuMara, 00yueHne, mpasa, 3arpsisHeHne oKpysKaro-
et cpenpl, neuiuT Boabl, mporpaMMHoe obecrieueHue R-studio.

Ina yumupoearus: baprypeH MonaparoH E. M., Kecaga Kacrpo I. A., Kecaga Kactpo M. gens I1.,
Kactpo Apenbsino M. nmenb I1. Bubnnomerpuyeckuii aHaau3 UCCAeI0BaHUIT M3MeHeHUsT Kiumarta: 06-
pasoBaHue B 06/1acTi BO#OIONb30BaHus // O6pasoBanue u Hayka. 2024. T. 26, N2 3. C. 176-193. DOI:
10.17853/1994-5639-2024-3-176-193
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Abstracto. Introduccién. La poblacion tiene derecho a recibir informacién sobre los recursos que
consume. Dado el aumento de la contaminacién ambiental, es necesario educar a todos sobre el uso del
agua. Esto permitird exigir su calidad y contribuir a la adaptacién provocada por el cambio climatico.

Objetivo. El estudio pretende realizar un andlisis bibliométrico del uso del agua en el contexto del
cambio climdtico.

Metodologia y métodos de investigacion. Para este estudio se utilizo el método PRISMA. Se selecciond
la base de datos Scopus por su caracter multidisciplinar. El término de biisqueda se cotejo con el Tesauro
de la UNESCO. Los datos se analizaron utilizando el software R-studio y la interfaz Biblioshiny.

Resultados. Se analizaron 1738 documentos y se verificé que el tema de investigacion cuadruplicd
su produccién cientifica desde 2012. Se comprobé que la mayor produccion cientifica es de 18 documen-
tos por autor, siendo las revistas suizas ubicadas en el cuartil 1 de Scopus las que mas destacan y priorizan
el tema de investigacién. También destaca que los temas comunes de los documentos son el suministro
de agua, la eficiencia en el uso del agua y la gestion del agua. En la misma linea, la conclusion es que es
necesario cuestionar el uso injustificado del agua, pues de lo contrario, el recurso podria desaparecer.

Significado prdctico. Este estudio demuestra la necesidad de que la poblacién aprenda el significado
del uso responsable del agua, por lo que se recomienda implementar la educacién sobre el uso del agua
para contrarrestar los efectos del cambio climético.

Palabras claves: educacién, cambio climatico, aprendizaje, derechos, contaminacién ambiental,
escasez de agua, software R-studio.

Para citas: Barturen Mondragén E. M., Quezada Castro G. A., Quezada Castro M. del P., Castro

Arellano M. del P. Analisis bibliométrico de la investigacion sobre el cambio climatico: La educacion en
el uso del agua. Obrazovanie i nauka = Educacion y Ciencia. 2024; 26 (3): 176—193. DOI: 10.17853/1994-
5639-2024-3-176-193

Introduction

Environmental pollution is a reality. To deny it is irresponsible and lacking in
empathy. F. Moroni et al. and E. Vastag mention that human activities increase the
effects of climate change [1, 2]. Ignorance is not a reason not to do things right;
concrete actions are needed to avoid its increase. The purpose of this study is
to identify trends in scientific production on water use in the context of climate
change. This study is important because it will contribute to the learning needed for
current and future generations.
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The study hypothesises that scientific production has increased in recent
decades due to the realisation of water scarcity. There is no global plan to deal with
the consequences of this problem. According to J. Janssen, water is scarce and its
disappearance is related to the absence of decisions and strategies to counteract the
effects of climate change [3]. There is no certainty of sustainability in the coming
decades, which is why this study focuses on the use of this resource.

R. G. Taylor et al., K. E. Trenberth, J. L. Hatfield et al., C. Azzeddine et al. and
V. Phogat et al. mention that citizens have the right to receive information on
freshwater supply, water, and food security, learn how to manage these resources,
and have access to quality service for their consumption and family well-being [4—
8]. This is a challenge that involves the role of the public sector, since, in most cases,
it is the one that manages and supplies the resource to the population.

In this order of ideas, it is necessary to carry out a bibliometric analysis of the
topic of study. M. Aria and C. Cuccurullo emphasise that bibliometrics is a tool that
can be used in all disciplines [9], so this study is no exception. In this regard, J. Gorraiz
mentions that it is important to make decisions about the quality and quantity of
research in a given area of knowledge [10]. In other words, the identification of
thematic trends will contribute to various projects for the benefit of the population.

The research questions are:

— What is the trend of scientific production on water use?

— Which are the most relevant journals whose scientific output is water use?

— Which are the most relevant authors whose scientific production is about
water use?

— What are the most used words that stand out in the scientific production on
water use?

The aim is to carry out a bibliometric analysis of the topic of water use in
the context of climate change. To do so, the most relevant authors, the thematic
evolution, and the most productive journals will be mapped.

The limitation of the present study is that only one database was considered.

Literature Review

J. Franklin mentions that the recognition of limits is the beginning of
understanding the effects of climate change [11]. This author emphasises that human
acts cannot be unlimited; therefore, the exercise of rights will not be either. It must
be understood that freedom is not represented by acts of uncontrolled freedom and
that every society has a set of binding rules that make social coexistence viable.

W. Steffen et al., C. D. Tomas et al., and M. C. Urban mention that the integrity
of the biosphere is related to the protection of humankind and the continuous
assessment or prediction of extinction risks [12-14]. T. R. Karl et al. stress that
human action modifies natural variability [15]. This proves the need to bring about
changes in consumption habits since irresponsibility exists when the consequences
on the environment are not measured.
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One detail to take into account is that for years the human act was not
measured, probably because it was thought that the environmental consequences
were only a matter of local concern, i.e. some countries had to comply and find
a solution. This is a serious mistake, which is why W. N. Adger mentions that
society must adapt to change, as this is the only way to avoid major damage [16].
R. M. Tshimanga stresses that it is necessary to ensure sustainable development
based on human-environment interaction [17]. S. Rasmussen et al. and H. Sun et al.
state that decisions should not only take into account landscaping in cities [18, 19].
O. Sunday and K. Mourad mention that, on the contrary, it will be about learning
how to increase the productivity of existing resources [20]. F. A. Ward and M. Pulido-
Velazquez state that water harvesting and its efficient use in the face of scarcity
is a concrete challenge for society [21]. In this regard, these authors agree that it
is urgent to educate everyone because climate change directly or indirectly affects
everyone. To argue otherwise is a lack of empathy and human values.

At this point, it is necessary to reflect on the domestic actions taken by
countries. In this respect, C. Payus et al., K. Huang et al. R. Schiffer et al. mention
that water management policy contributes to the objective allocation to meet the
various supply-related needs [22-24]. T. Nakayama states that water quality is
the basis for demanding recognition of the rights of the population and, in turn,
expresses the obligation not to waste this resource [25]. F. Schneider mentions
that not taking it into account would generate disorder in management, care,
and ecological awareness [26]. R. Khanal et al., L. Liang et al. and O. Yazici state
that the importance of recognising the proper use of water resources will provide
sustainability over time [27-29]. The aforementioned authors focus on prioritising
water care with the sustainability of this resource, which is a great success; however,
it is not always possible to find a state response that effectively and transversally
presents a solution.

So, if there are doubts about government initiatives to protect this natural
resource, is it possible that every citizen is concerned about self-education? In this
regard, V. Re mentions that education on the use of water is a right of the population
that includes understanding the correct distribution and supply, and how to avoid
health problems and migration due to drought, among others [30].

P. F. Ricci mentions that citizen participation is proof of social inclusion
and engages citizens in developing strategies to improve access to water [31].
A.A.Ogundeji et al. and N. R. Haddaway et al. state that it is important to remember
that adaptation to climate change must be politically supported. In this way,
policymakers will promote guidelines that allow for sustainable development
aligned with industrial, domestic and agricultural water demand [32, 33]. These
authors emphasise the need to implement mechanisms to disseminate knowledge
and the consequences of water misuse.
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Methods

Selected Database

The Scopus database was selected. According to N. Donthu et al., this database
is characterised by its multidisciplinary nature, which is why bibliometric analysis
based on the quantitative method is feasible [34].

Protocol Used

The PRISMA 2020 matrix protocol was used to review the articles. The Scopus
database was considered for its representativeness in scholarly information!.

Method Used

The content analysis method was considered. The present study was considered
to be a bibliometric, descriptive, cross-sectional-retrospective study.

Search Strategy

Scopus: (TITLE-ABS-KEY (“climate change” AND “water management” OR
“water supply” OR “water quality” OR “water resource” OR “water” AND “water
use”). The initial result was 5778 documents.

Procedure Used

The procedure for the final sample collection is detailed below:

1. Identification of search terms

The terms “climate change” AND “water management” OR “water supply” OR
“water quality” OR “water resource” OR “water” AND “water use” were selected,
resulting in 5778 articles.

2. Thesaurus identification

The term climate change was found to be the main term in this research and
is registered in the UNESCO (United Nations Educational, Scientific and Cultural
Organisation) Thesaurus2.

3. Identification of inclusion and exclusion criteria

The inclusion criteria were established as follows: a) Type of document: articles;
b) Documents up to 2021, and 2022 were not considered because they were not
finalised; c) Open Access documents; d) Language: English; e) Publication status:
final; and f) Type of source: Journal. The following were considered as exclusion
criteria: i) articles in press, ii) articles not related to the research topic, and iii)
articles in languages other than English, resulting in 1738 documents.

4. Scopus Search Identification

The search took into account the title, abstract, and keywords.

5. Identification of the objectives

1 Elsevier. Why choose Scopus. Scopus Benefits. Elsevier Solutions [Internet]. 2022 [cited 2023 Jun 15].
Available from: https://www.elsevier.com/solutions/scopus/why-choose-scopus

2 Organizacion de las Naciones Unidas para la Educacion, la Ciencia y la Cultura [Internet]. Tesauro de
la UNESCO; 2022 [cited 2023 Jun 15]. Available from: https://vocabularies.unesco.org/browser/thesaurus/es/page/
concept4559 (In Spanish)
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The main objective was to conduct a bibliometric analysis of water use in the
context of climate change. The specific objectives were: i) to analyse exponential
growth, ii) to identify the most productive journals, iii) to identify the most prolific
authors, and iv) to identify the most used words in scientific production.

6. Identification of the tool used

We considered analysing the data using the R-studio 4.1.0 software, the
bibliometrix package, and the Biblioshiny interface. The 1738 documents extracted
from Scopus in BibTex format were processed in Biblioshiny.

Results and Discussion

A total of 1738 documents were analysed, the oldest was written in 1991 and
the annual growth rate is 17.76%. Based on this information, a bibliometric analysis
of water use in the context of climate change was conducted.

Table 1
Total citations

Year N Mean TC per art Mean TC per year Citable years
2021 270 4,40 4,40 1

2020 256 10,11 5,06 2

2019 205 19,82 6,61 3

2018 177 20,35 5,09 4

2017 150 36,22 7,24 5

2016 149 40,68 6,78 6

2015 119 50,13 7,16 7

2014 77 39,05 4,88 8

2013 83 75,25 8,36 9

2012 58 54,41 5,44 10

It can be seen that in the last 10 years the issue of water use in the context
of climate change has grown exponentially. The result quadrupled since 2012, the
continuous growth is evident and in the last 2 years, it has been moderate.

Three Fields Plot and Source Impact

The three-field diagram shown in Figure 1 consists of three sections: author
(left column), journal name (middle column), and author keywords (right column).
It is important because, through the connection of grey lines, the thematic trend
and the sources of publication can be seen. From this background, the continuity of
the research topic is possible.

For example, J. Liu published 18 articles and his highest output was in 2020. For
his part, author Y. Wang published 18 articles and his highest output was in 2019
and 2020. Likewise, X. author Li published 16 articles and his highest output was in
2019 and 2020.
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Fig. 1. Three fields plot

The 3 journals that contributed the most and stand out for their impact: are
Water (Switzerland), Sustainability (Switzerland), and Environmental Research
Letters which are indexed in Scopus Q1, as shown in Figure 2.

Source Local Impact by H index

WATER RESOURCES RESEARCH e

GLOBAL GHANGE BIOLOGY.

ENVIRONMENTAL RESEARCH LETTERS °

HYDROLOGY AND EARTH SYSTEM SGIENGES

8 TREE PHYSIOLOGY
E]
2
3
WATER (SWITZERLAND) o
PLOS ONE s
PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNIT! AMERICA i)
SCIENGE OF THE TOTAL ENVIRONMENT Lis)
AGRIGULTURAL AND FOREST METEOROLOGY L)
] 5 20 25

10 15
Impact Measure: H

Fig. 2. Source impact
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In terms of “author keywords”, the 3 most used terms are climate change, water
use efficiency, and drought, which show the projection of the research topic.

Most Relevant Sources and Source Growth

Figure 3 shows the number of articles published by the top 10 journals related
to the topic of water use in the context of climate change, all of which are ranked in
Scopus Q1, thus proving the prioritisation of publication.

In first place, there is the journal Water (Switzerland) identified with ISSN
2073-4441, and, in tenth place, there is the journal Global Change Biology identified
with ISSN 1354-1013.

The 10 journals are supported by publishers MDPI (1st, 2nd, and 4th places),
IOPscience (3rd place), Wiley (5th and 10th places), Copernicus (6th place), Plos (7th
place), Oxford University Press (8th place), and Elsevier (9th place). The UK is the
country that stands out for the journals it publishes in this ranking.

Maost Relevant Sources

SUSTANABLTY (SWITZERLAND! Q

FORESTS L0}

-]

§ WATER RESOLRCES RESEARCH
5
=)
@

HY¥DROLOGY AND EARTH S¥STEV SCIENCES

e

(]

PLOS ONE

-]

TREE PHYSIOLOGY

?

SCIENCE OF THE TOTAL ENVIRSHIENT

e

GLOBAL CHANGE BIDLOGY

M. of Documents

Fig. 3. Most relevant sources

Figure 4 shows that from 2020 to 2021 there was a slight increase related to the
research theme. In the journals Water (Switzerland) and Sustainability (Switzerland),
the increase is visible.
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Source Growth
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Fig. 4. Source growth

Figure 5 shows that the top three most relevant affiliations are with the
University of California (USA), the University of Chinese Academy of Sciences
(China), and the Institute of Geographic Sciences and Natural Resources Research
(China).

Most Relevant Affiliations

UNIERSITY OF CALIFORNIA “

UNIVERSITY OF CHINESE ACADEMY OF SCIENGES (51
INSTITUTE OF GEOGRAPHIC SCIENCES AND NATURAL RESOURCES RESEARGH La]
BEIING NORMAL UNIVERSITY ]
o
£ srockrow unversiTy - e
g
H
UNIVERSITY OF ARIZONA, ]
OREGON STATE UNIVERSITY -
CHINESE ACADEMY OF SCIENCES B — 5]
UTAECHT UNIVERSITY _— B
HOHAI UNIVERSITY - &
a 25 50 75
Articles.

Fig. 5. Most relevant affiliations
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Most Relevant Author

Figure 6 shows the 10 authors who stand out on the topic of water use in the
context of climate change. In this list, the average number of articles published is
15. The most relevant author on the subject of research is J. Liu.

Most Relevant Authors

Ly 0
WANG Y °
°
CAMARERO 11 c
)
£
!
2
WaNG L ®
ZHANG X ®
WADAY @
clasP L]
o
3

Lus.

e

0 5 10 15
N. of Documents

Fig. 6. Most relevant author

Figure 7 also shows the productivity of the authors. The most cited article
“Water conservancy projects in China: Achievements, challenges, and way forward”
by J. Liu was co-authored with other researchers and was published in the journal
Global Environmental Change in 2013. This article has so far reached 238 citations.

The most cited article “Change in terrestrial ecosystem water-use efficiency
over the last three decades” by Y. Wang was co-authored with other researchers and
was published in the journal Global Change Biology in 2015. This article has so far
reached 161 citations.

The most cited article “Differentiating drought legacy effects on vegetation
growth over the temperate northern hemisphere” by X. Liu was co-authored with
other researchers and was published in the journal Global Change Biology in 2018.
This article has so far reached 159 citations.
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Word Climate Change

Figure 8 shows the trend when using the terms “climate change”, “water use”
“water supply”, “water use efficiency”, and “water management”.
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Figure 9 shows 3 clusters: in red, the term climate change predominates, and
the use of efficiency stands out. The green colour is dominated by the term water
use and highlights water supply. The blue colour is dominated by the term water and
highlights the ecosystem.
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=
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Fig. 9. Co-occurrence network

Figure 10 shows that the terms “climate change” and “water supply” have been
present since 1991, which justifies the growth of the thematic trend.

1991-2016 2017-2019 2020-2021

Fig. 10. Thematic evolution

Water use is linked to climate change, as water scarcity will become increasingly
evident unless we learn how to supply, distribute, or manage it. This situation has
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been of concern to society not only in the last decade. On the contrary, the first
recorded research dates back to 1991 and expresses the responsibility to act to
preserve it for the benefit of future generations.

The bibliometric analysis was carried out based on 1738 documents. It can be
seen that in 2021 the research topic continued to grow, which is a sign to deepen
and develop alternative solutions to avoid the scarcity of this resource. It should be
remembered that water is a vital element for human subsistence and that the supply
is not equitable in the world.

Water education is vital and represents a line of research that could be further
explored. Responsible and appropriate actions are complementary aspects of
everyday life. It is important to review which human activities should be modified in
the face of inappropriate use of this resource.

It is remarkable to recognise the exponential growth of the terms “climate
change” and “water supply” since 1991. This pairing focuses attention on the
sustainable development of water resources. The number of citations and the
concern of countries such as the USA and China to promote research in this field
emphasise the need for appropriate water use in the context of climate change. It is
important to recognise that water scarcity is a real problem and that uncontrolled
water scarcity will affect everyone without exception.

Conclusion

Water scarcity and the appropriate use of this resource are projected as a
research topic that will continue to grow exponentially. In the last 30 years, several
studies showed this to be the case, and it is, therefore, necessary to analyse human
activities in the context of climate change.

The most productive journal on the topic of water use in the context of climate
change is Water (Switzerland) identified with ISSN 2073-4441 belonging to the
MDPI publishing house.

The most prolific author on the topic of water use in the context of climate
changeis].Liuand he co-authored the research entitled “Water conservancy projects
in China: Achievements, challenges, and way forward”, which has 238 citations.

The unjustified use of water in everyday or industrial activities must be
questioned. Human irrationality contributes to the disappearance of this resource.
The right of access to water and its quality requires reasonable action in the supply,
distribution, or management of this resource. This is a pending task that requires
concrete action in the short term.

Education and appropriate use of water is a line of research that needs to be
investigated to propose alternative solutions to the effects of climate change.

Limitation

Only the Scopus database was considered. It is recommended that for future
research, various databases should be included in order to reflect the integral
analysis of the topic studied.
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