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Abstract: Freshwater plays a crucial role in human life and is also necessary for economic and
ecosystem stability. Freshwater resources around the globe are under significant
pressure because of increasing consumption and pollution of water by society, and
decreasing water availability due to climate change. Therefore, many tools for
sustainability assessment of water use have been developed in the last several decades.
One of the popular methodologies is water footprinting. The intensity of water footprint
research can show the importance of water-related issues in individual communities.
This paper aims to make a review of water footprint research in Brazil, its influence,
and internationality. The main research methods for scoping review described in this
article include bibliometric analysis. Scopus database was used for the data aquisition.
The term “water footprint” and affiliation to the institution in Brazil were used as
eligible criteria. The number of publications, its citations and co-authorship analysis
were used for the analysis of research groups and influence of its research outputs. Co-
authorship analysis was used for the description of international collaboration of
Brazilian researchers. Keyword analysis was used for the identification of main topics
in the water footprint research in Brazil. The analyses showed the high intensity of
water footprint research in Brazil and its importance for the scientific community.
International collaboration of Brazilian research is on the level of 30%. The main topics
of water footprint research in Brazil are sustainability, life cycle assessment, and water
resources. This scoping review will be conducted according to the Preferred Reporting
Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews
(PRISMA-ScR) Statement.
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INTRODUCTION

Freshwater resources around the globe are under
significant pressure because of increasing consumption
by the growing population and increasing living
standards. The amount of pollution discharged into the
water by society led to ecological problems in many
places on the globe. Also decreasing water availability
due to climate change and changes in the hydrological
cycle led to an increase in water scarcity. Is it expected
that 87 out of 180 countries will be affected by water
scarcity by 2050 (Baggio et al., 2021). Brazil has the
highest volume of renewable freshwater resources,
accounting for approximately 12% of the world’s
supply, but water resources are becoming scarce
because of high consumption, extended droughts, the
national precarious distribution infrastructure, and water
quality degradation (Val et al., 2019).
Water footprint was proposed as an indicator to evaluate
water resources utilization relative to human
consumption (Hoekstra and Hung, 2002). In general,
footprints could be used as an indicator of sustainability
(Cugek et al., 2012). The water footprint can be an
effective steering instrument to support achieving
United Nations Sustainable Development Goals (SDGs)
(Hoekstra et al., 2017; Berger et al., 2021). On the other
hand, the water footprint is still a relatively young tool
and the number of research papers increasing every year
(Ansorge et al., 2019). Descriptive analyses based on
bibliometric data are used very often for the mapping
progress of research in field subject or concept. In the
field of water footprint research. Zhang et al. (2017)
mapped water footprint research between 2006 and
2015. Mubako (2018) provides an overview of recent
blue, green, and grey water quantification approaches
between the years 2000 and 2018. Caloglu Biiyiikselcuk
(2021) covered period between 2006 and 2021.
Analyses of papers produced by authors from individual
countries were analysed for China (Zhu et al., 2019;
Zhuo et al., 2020), the Czech Republic (Ansorge et al.,
2019), and states of former Yugoslavia (Ansorge et al.,
2021). Adetoro et al. (2021) published a bibliometric
study focused on the global trends in water footprint,
water sustainability, and water productivity research.
Ma et al. (2020) published a bibliometric study focused
on virtual water and water footprint.
The main objective of the study presented in this paper
is mapping water footprint research in Brazil. The main
review questions are:
e What research institutions in Brazil are leaders
in water footprint research?
e Which research areas are focused on water
footprint research in Brazil?
e How intensive is international collaboration in
the water footprint research in Brazil?

MATERIALS AND METHODS

This scoping review is conducted according to the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses extension for Scoping Reviews
(PRISMA-ScR) Statement. As a review protocol, the
PRISMA-ScR extension checklist was used (Tricco et
al., 2018). The checklist contains 20 essential reporting
items and 2 optional items to include when completing a
scoping review. The checklist can be provided on
demand by email to the correspondent author.

Information about the research can be found in several
data sources such as specialized bibliometric databases

(e.g. Web of Science, Scopus) or scientific
search/indexing services (e.g. Google Scholar,
Microsoft Academic, Semantic Scholar, etc.).

Bibliometric databases are more suitable for this study
because provide metadata about authors' affiliation.
Web of Science covers over 75 million records in its
Core Collection, from around 20,900 serial titles plus
books and conference proceedings (Birkle et al., 2020).
When other regional and subject-specific citation
indexes are included, Web of Science covers up to 155
million records from more than 34,200 serial titles,
books, and proceedings (Birkle et al., 2020). Scopus
cover over 76 million records from 39,100 serial titles,
120,000 conferences, and 206,000 books (Baas et al.,
2020).

The query “water footprint” (topic) AND Brazil
(address) were used for search in all databases of Web
of Science. This query provided 116 results on January
15th, 2022. The query TITLE-ABS-KEY("water
footprint") AND AFFILCOUNTRY (Brazil) was used
for search in the Scopus database. This query provided
126 results on January 15th, 2022. For a deeper
analysis, the outputs from the Scopus database were
used. Microsft Excel was used for the statistical analysis
of data from Scopus. VOSviewer in version 1.6.17 (van
Eck and Waltman, 2010) was used for cluster analysis.
The fractionalization method implemented in
VOSviewer was used for normalizing the strength of the
links between items. Apart from a multiplicative
constant, this method is identical to Eq. (13) in Van Eck
and Waltman (2009).

RESULTS AND DISCUSSIONS
Paper production

The first article focused on the water footprint authored
by Brazilian researchers was published in 2011. It is 9
years after the water footprint concept was introduced
(Hoekstra and Hung, 2002). Since that year, the number
of published articles has been increasing, as in the
whole world (Fig. 1).
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Fig. 1. The annual number of articles about water footprint in
Scopus

From 126 papers covered by the analysis, there were
108 articles, 9 reviews, 5 conference papers, and 3
books. 1 paper was retracted due to duplication of
another article (Batista, 2016). 38 papers were prepared
in international collaboration with researchers from 28
countries. Most of them (23 papers) were prepared in
cooperation with researchers from the US. The second
country is the Netherlands (7 papers). 5 papers were
prepared with cooperation with researchers from
Canada and Sweden. Fig. 2 shows a map of
international collaboration. 38 internationally
collaborative papers represent 30.15% of total
production by Brazilian authors, which is very close to
the global average 31.9 % (Zhang et al., 2017). Most
papers were published in the Journal of Cleaner
Production, 2 and more papers were published in 21
journals (Table 1). Of the Brazilian journals, most
articles were published in Revista Ambiente & Agua (8
papers). 25 articles were published in Portuguese, the
others in English.
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Fig. 2. Map of international collaboration — individual colours
represent close collaboration

Table 1. Journals, where Brazilian authors published results of water
footprint research

Source title Number

—_—
\S]

Journal of Cleaner Production

Revista Ambiente & Agua

International Journal of Life Cycle Assessment
Revista em Agronegdcio e Meio Ambiente
Science of The Total Environment

W A~ A~ W

Revista Brasileira de Engenharia Agricola e
Ambiental
Sustainability (MDPI)

Agricultural Systems

Ambiente e Sociedade

Australian Journal of Crop Science
Biofuels Bioproducts and Biorefining
Biomass and Bioenergy

Engenharia Sanitaria e Ambiental
Environmental Research Letters
Espacios

Foods

Fronteiras

Irriga

Revista Brasileira de Recursos Hidricos
Spanish Journal of Agricultural Research
Water (MDPI)

Others
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Water footprint research performances

Brazilian authors account for 4-5% of worldwide article
production in the field of water footprint research. The
influence of the research can be described by the
citations of published papers (Moed, 2005). English is
the lingua franca of international science, and non-
English articles get fewer citations in general (Tahamtan
et al., 2016). 98 papers received one or more citations
according to Scopus on January 15th, 2022. It is 78 %
of all articles, but only 12 articles published in
Portuguese received any citations (48%).

The most cited article by Bordonal et al. (2018)
received 137 citations. The second most cited article is
the article by Albert et al. (2021) with 87 citations and
the article in third place by Rodrigues et al. (2014)
received 56 citations. The most cited article published in
Portuguese by Palhares (2011) received only 16
citations, which ranks them 25th most cited.
Publications received 90.5% of citations within the first
5 years from publication (Fig. 3), which confirms the
general findings (Mendoza, 2021) although some
sectors of science have a little bit different citation
behavior (Galiani and Gélvez, 2019). However, this
statistic is skewed because only 30% of the publications
included in the analysis are over 5 years old.
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Fig. 4. Trends in paper production and its citations

Figure 4 shows cumulative values of published
articles and their citations. The growth in the number of
citations is higher than the growth in the number of
publications, which is proof of the quality of water
footprint research in Brazil, although the clean number
of citations does not describe the influence of individual
citation (Zhu et al., 2015).

Authors’ and institutions’ performances

155 authors affiliated with 160 institutions participated
in the publications included in the analysis. The number
of articles from the top 12 most productive institutions
(with 5 and more papers) is shown in Table 2. Ten of
them are universities. The most active author is Julio
César Pascale Palhares from Embrapa with 8 papers and
96 citations. Table 3 shows the most active authors and
the number of citations which received their articles
involved in the analysis. Fig. 4 shows the co-authorship
network.

Table 2. Institutions with a higher number of papers

Institution Number

Universidade de Sdo Paulo 30
Empresa Brasileira de Pesquisa Agropecuaria - 18
Embrapa

Universidade Federal do Rio Grande do Sul
Universidade Federal de Campina Grande
Universidade Federal de Vicosa
Universidade Estadual de Campinas
Universidade Federal de Santa Maria
Universidade Estadual Paulista
Mesquita Filho

Universidade Federal da Paraiba
Universidade Federal Rural de Pernambuco
Universidade Federal de Minas Gerais
Laboratorio Nacional de Biorrenovaveis
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Table 3. Authors with a higher number of papers and their citations

Name Atrticles Citations
Palhares, J.C.P. 8 96
Mendiondo, E.M. 5 84
(de) Aragjo, L.E. 5 65
Neto, J.D. 5 56
Depra, M.C. 5 44
Jacob-Lopes, E. 5 44
Strasburg, V.J. 5 31
Hernandes, T.A.D. 4 117
Lathuilliére, M.J. 4 66
da Silva, V.d.P.R. 4 65
Zepka, L.Q. 4 43

Keyword analysis

360 keywords were used in the published papers. The
most often used keyword was “water footprint” (36x).
More than 10 times was used “sustainability” 16x), “life
cycle assessment” (13), and “water resources” (12x).
Fig. 5 shows 29 keywords, that have been used 3 or
more times and their connection. Keyword analysis
shows the main topics of the research. The size of the
nodes in Fig. 5 is proportional to the number of
occurrences of the keywords. The distance between the
nodes reflects the strength of the relation between them.
The color of the nodes is determined by the ages of the
keywords, with colors ranging from blue (the oldest
papers) through green to yellow (the youngest papers).
The most frequently used keywords were from 2016 and
2019.

Limitation of the study

Bibliometric data from the Scopus database were used
for the study. It leads to these limitations:

1. Scopus contains more than 90% of papers in
English (Vera-Baceta et al., 2019) and language
biases play an important role in the comparison and
evaluation of research on a national level (Leeuwen
et al., 2004).
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2. This study uses descriptive metadata obtained from
the Scopus database and does not conduct a content
analysis of published texts. The content analysis
could lead to a more precise definition of the
content of water footprint research in Brazil and the
main research problems, challenges, and future
directions.

CONCLUSIONS

This article is scoping review of the water footprint
research in Brazil. The review has shown that water
footprint research in Brasil has the same progress as
research in the world (in terms of the number of papers).
Brazilian authors participate by 4 - 5% in the world
production of articles focused on the water footprint.
The high influence of water footprint research in Brazil
is proven by the number of citations. Water footprint
research is carried out by a number of institutions in
Brazil, the most important of which are mainly
universities. 10 universities are in the group of 12 most
active research institutions. Most papers were published
by authors affiliated with Universidade de Sao Paulo. In
the second place, there are authors affiliated with
Empresa Brasileira de Pesquisa Agropecuaria (Brazilian
Agricultural Research Corporation) which is a
governmental research institution.

International collaboration on the papers is on the level
of 30%, which is a similar level as collaboration in the
world’s research of water footprint. The Journal of
Cleaner Production is the most widely used journal for
Brazilian researchers publishing results in the field of
water footprint, 10 % of analyzed papers were published
there. The second most widely used journal is Revista
Ambiente & Agua in Brazil.

According to the keywords, the water footprint research
in Brazil is focused mainly on sustainability, life cycle
assessment, and water resources. Furthermore,
opportunities are there for the content analysis of highly
cited articles to identify research problems, challenges,
and future directions.
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