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The study explored the intellectual domain of climate change, water resource
management, adaptation, and governance (CCWRM_AG), identifying research
hotspots, and proposing solutions to address water scarcity and environmental
impacts in South Africa. In total, 1,117 original published studies in BibTeX format
were obtained using Web of Science and Scopus databases from 1997 to 2022.
The data analyzed on CCWRM_AG includes top-cited articles and the distribution
of author keywords, most-cited journals, word cloud, thematic evolution and top
author affiliations. The National Integrated Water Information System (NIWIS)
database was utilized to monitor and assess the potential for water shortages in
South Africa. The study employed geobibliometrics, an integrated approach that
combines bibliometric analysis and remote sensing data, to evaluate research
trends and monitor dam water levels. The CCWRM_AG field in South Africa is
experiencing an 18.98% annual growth in citations per article, with the University
of Kwazulu-Natal and the University of Cape Town ranking first with the highest
total number of published top articles, indicating their significant influence and
associated research centers. Based on the top keyword, climate change and water
resource scarcity are central to issues related to drought and water shortage,
indicating a hint of the relatedness for further studies. The spatial analysis reveals
severe water shortages in the Western Cape province, adversely affecting water
quality, agriculture, and livelihoods due to critically low dam levels. The Northern
Cape faces water scarcity in its arid lands, while other provinces show relatively
stable water availability. The findings of this study can enhance the multifaceted
approach that integrates robust water governance infrastructure, regulatory policies,
and economic incentives to mitigate water scarcity and environmental impacts.
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1 Introduction

The global climate change scenario is significantly increasing
water scarcity, leading to a high ratio of water scarcity (UNESCO,
2021; Bianucci et al., 2024). Water resources are a crucial
environmental component and a valuable natural resource for
agricultural, industrial, and domestic purposes (Afuye et al., 2018;
Yildiz et al., 2022). Climate change is predicted to disrupt global
hydrological systems, increase water cycle variability, reduce
availability, and threaten sustainable development, affecting vulnerable
communities through land-use change, soil health issues, biodiversity
loss, and environmental degradation (Leal Filho et al., 2022; Afuye
etal., 2024a). The Global Climate Model (GCM) and Regional Climate
Models (RCM) predict a continued rise in global temperatures,
leading to increased wetter and drier regions, thereby worsening
various disasters such as droughts, floods, heat waves, and storms
(Huang et al., 2022; Fabian et al,, 2023; Sibandze et al., 2024). The
European Union is implementing an agent-based model to manage
water resource conflicts, with the African Ministers Council on Water
(AMCOW) overseeing the Pan-African Groundwater Program
(APAGroP), aiming to promote sustainable groundwater use and
improve African lives (Ozano et al.,, 2022; Thamaga et al., 2024).
Certain regions experience increased droughts, leading to a significant
reduction in vegetation health, subsequently impacting people’s health
and productivity (Chatanga and Seleteng-Kose, 2021; Afuye et al,,
2022; Mbugwa et al., 2024). Reports show agriculture uses 72% of
water withdrawals, 16% used by households and services, and 12% by
industries, with 2.3 billion people in water-stressed counties and
733 million in extremely high-water vulnerability (FAO, 2020).
Human activities and population growth in developing nations are
causing water shortages, especially for lower-income populations, due
to decreased groundwater levels, deteriorating water quality, and
increasing commercial and agricultural demand (Ozano et al., 2022;
Izah et al., 2024).

South Africa is among other developed countries implementing
initiatives to sustain water resources across various sectors,
promoting a broader implementation of water resource management
for sustainable development (Garcia et al., 2016; Sheffield et al.,
2018). The South African Government’s National Water Resource
Strategies (NWRS) for 2003, 2013, and 2020, under the National
Water Act (NWA) of 1998, gained significance in 1998 with
incorporation the of critical components (Pahl-Wostl, 2019).
However, the NWA prioritizes water as a public resource, ensuring
two components of Basic Human Needs Reserve and Ecological
Reserve, through legally established priority allocation for water
policy and governance regime (Makaya et al., 2020). The Reserve’s
inclusion in South Africa’s NWA has made strides in improving
water management and addressing past injustices, but lacks
preparedness for future climate and resource challenges, (Pahl-
Wostl, 2019; Adom and Simatele, 2021), highlighting the need for
further adaptation and sustainable practices amid rising water
scarcity and drought conditions. The 2020 NWRS in South Africa
lacks integrated strategies for strengthening water governance,
infrastructure, incentives, and policies to mitigate climate and
environmental impacts, despite increasing awareness of climate
change impacts on water resources management (Pahl-Wostl, 2019;
Edokpayi et al., 2020; Mathetsa et al., 2022). South Africa’s water
resource management,

adaptation, and governance are
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understudied, primarily focusing on adaptation and socio-economic
development (Meissner and Meissner, 2017; Makaya et al., 20205
Mathetsa et al., 2022; Shiriyedete et al., 2024), despite their crucial
role in promoting sustainability and water quality. For instance,
Siphambe et al. (2024a) argue that conventional Integrated Water
Resources Management (IWRM) overlooks water mass balance,
where total rainfall is 100% available water. They emphasize that
true IWRM requires rainwater harvesting and that conventional
IWRM, like low-impact development strategies like sponge cities,
focuses on managing stormwater rather than directing it to rivers.
In contrast, Siphambe et al., 2024b advocate for the complete
prohibition of stormwater generation, promoting the concept of
“zero runoff” as the most effective solution to mitigate climate
change. Moreover, South Africa’s adoption of IWRM, while aligning
with global best practices faces challenges like resource limitations,
governance, and climate resilience (Eslamian et al., 2017; Awuah,
2020), necessitating effective implementation to overcome these
obstacles. The semi-arid region, with an average annual rainfall of
500 mm, is a water-stress region with less than 200 mm and 500 mm
rainfall, respectively, and low rainfall levels in the interior and
western areas, accounting for 60% of the global average (Du Preez
and Van Huyssteen, 20205 Strauss et al., 2021). Seasonal rainfall
variability impacts natural water sources, causing low stream flow,
increased run-off, and evaporation rates, posing threats to various
economic sectors, including agriculture, fishing, and tourism
(Munyai et al., 2021), while achieving “zero runoft” is a solution
(Siphambe et al., 2024D).

South Africa is facing severe water scarcity due to climate change,
resulting in temperature changes, wind patterns, decreased
precipitation, soil moisture, and wildfires, with limited research on
water governance implementation (Makaya et al., 2020; Olabanji et al.,
2020; Du Preez and Van Huyssteen, 2020; Shinga et al., 2024). The
severe water crises are exacerbated by a semi-arid climate,
urbanization, and poor water management, limiting rural community
resilience, and causing significant environmental damage and water-
related issues (Tapela, 2015; Du Plessis and Du Plessis, 2017;
Shiriyedete et al., 2024; Thakur, 2024). As such, effective water
management strategies are crucial for efficient national and local
resource management, ensuring a better understanding of the spatial
distribution and impacts of water shortage risk. This study examines
the intricate link between climate change, water resource management,
adaptation, and governance (CCWRM_AG) studies to address water
stress, analyzing top-cited articles, author keywords, most cited
journals, word cloud, thematic evolution, and top author affiliations.
The study used bibliometric and spatially based information
assessment for statistical data visualization and mapping (Zyoud and
Zyoud, 2021; Idris et al., 2022), enhancing comprehension of
interconnected studies within the research domain. However, other
statistical, mathematical, and geospatial data mapping techniques were
used to enhance the robustness and accuracy of this study. The
National Integrated Water Information System (NIWIS) database was
utilized to monitor and assess the potential for water shortages in
South Africa (Sambo et al., 2015). Hence, this study aimed to assess
CCWRM_AG studies in South Africa, identifying research hotspots
and proposing solutions to address water scarcity and environmental
impacts. To the best of our knowledge, this is the first of its kind in
South Africa to systematically evaluate CCWRM_AG research,
mapping existing studies, identifying research gaps, and providing
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practical recommendations to enhance sustainable water management
in the agricultural sector. This study seeks to answer two specific
objectives: (i) to assess the evolution of dominant themes that
significantly contribute to the intellectual domain of CCWRM_AG
research and future direction. (ii) to analyze the spatial distribution of
water shortage risk and its impacts, considering the region’s transitional
attributes. This study identifies research gaps in CCWRM_AG studies,
which are crucial for assessing and managing regional water scarcity
in drought-prone areas, enhancing adaptive management and climate
policy intervention.

2 Materials and methods

2.1 Study area

South Africa is an emerging country situated between 30.5595° S and
22.9375° E, with an elevation of 3,367 m (11,047 ft) above sea level and a
population of 60,604,992 as shown in Figure 1 (StatsSSA, 2021). It covers
1,221,037 km? (471,445 sq. mi) and has 2,798 km of coastline along the
South Atlantic and Indian Oceans (Sanbi, 2020). The country is bordered
by Namibia, Botswana, Zimbabwe, Mozambique, Eswatini, and Lesotho.
It comprises nine provinces, including the Western Cape, Northern Cape,
Northwest, Free State, Gauteng, Limpopo, Mpumalanga, KwaZulu-Natal,
and the Eastern Cape Province (Forssman, 2022). South Africas climate
is divided into three zones: arid (desert), subtropical wet (humid and dry
winters), and subtropical dry (hot summers) regions. South Africa
experiences average monthly temperatures ranging from 22°C to 11°C,
with an annual precipitation of 469.9 mm, with the wettest months being

10.3389/frwa.2025.1376943

November through March and the least rainfall months June through
August (Mbokodo et al., 2023). The region’s climate varies, with the
eastern part experiencing a subtropical wet climate with mild winters and
high humidity, and the northern part experiencing a subtropical dry
climate with warm summers (Mahlalela et al., 2020).

2.2 Data identification, methodology and
validation

The study employed geobibliometrics, an integrated approach that
combines bibliometric analysis and remote sensing data, to evaluate
research trends and monitor dam water levels (Zyoud and Zyoud,
2021; Idris et al., 2022), enhancing understanding of interconnected
studies in the niche area. This study used keywords: (“Climate Change
AND Water Resource Management”) OR TITLE (“Water Scarcity”)
OR TITLE (“Climate Change Adaptation”) OR TITLE (“Water
Governance”) OR (“Water Policy”) OR TITLE (“Institutional Water
Governance”) AND PUBYEAR >1997 AND PUBYEAR <2022 in the
titles, abstracts, and keywords (author keywords and keywords plus)
of the articles published between January 1997 and December 2022
(Figure 2). In addition, the retrieved articles were country-specific,
specifically South Africa, encompassing articles, proceeding papers,
review articles, book chapters, editorial materials, and book reviews
and books written in English language. Literature indicates that using
a specific topic and title in a database search ensures minimal loss,
significant recovery, and increased sensitivity compared to other
searches (Afuye et al., 2021b; Serame and Afuye, 2024). This study
obtained published research articles on CCWRM_AG studies from
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FIGURE 1
Map showing the different provinces in South Africa.
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FIGURE 2
Graphical representation showing the criteria for publication selection.

Scopus and Web of Science (WOS) databases on March 19, 2023.
These databases were chosen for their reliable research coverage,
efficiency, and high-impact scientific research due to their reliability
and impact (Visser et al., 2021; Nduku et al., 2023). Furthermore, the
National Integrated Water Information System (NIWIS) database was
utilized to monitor and assess South Africa’s dam water levels and
trends from 2018 to 2022." The dataset is a crucial tool for monitoring
and assessing water-related issues, highlighting the need to raise
awareness about water scarcity and develop mitigation strategies
(Sambo et al., 2015). The search results were filtered from original
articles and reviews to eliminate non-traceable papers, remove
duplicates and irrelevant documents, and reduce the vocabulary
dimension through data screening, cleaning, and processing
(Gagolewski, 2011). Zotero software v6.0.7 and Citation analysis

1 https://www.dws.gov.za/niwis2
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package (CITAN) in the R repository were used to filter
non-informative words and gather all retrieved published documents
(Busayo et al., 2020; Nduku et al., 2021). The chosen variables are often
considered to make a distinctive contribution to the existing
knowledge (Orimoloye et al., 2021; Afuye et al., 2024a). Figure 2
shows a graphical representation of the criteria for publication
selection.

2.3 Data collection and analysis

The study analyzed 1,119 BibTeX original articles, assessing author
information, titles, citations, keywords, journal citation trends, and
institutional collaboration, among other data. The articles are region-
specific, representing CCWRM_AG publications conducted within
South Africa, as they are geographically selected within the country,
referring to a single nation (Bonilla et al., 2015; Qureshi et al., 2020).
Open-source software like bibliometrix R-package (Rstudio v4.0.4) and
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biblioshiny software (v1.6.16) offer tools and an interactive bibliometric
web interface for bibliometric analysis (Aria and Cuccurullo, 2017). The
data was imported into the R environment, translated into a bibliographic
data frame, and structured for duplication, limiting duplicated articles to
one record (Gusenbauer and Haddaway, 2020). The spelling errors,
varjant names, and associations in each collection were thoroughly
reviewed and checked for any potential issues. A density visualization
map for top author’s names, keywords, citations, and keyword-plus was
retrieved using a built-in formula on the R package repository. The annual
research on CCWRM_AG from 1997 to 2022 was analyzed for keywords
and keyword-plus phrases, presenting a two-category collection, as
depicted in Figure 3. The average growth rate, the difference between the
previous and current year, and the number of publications in annual
scientific production growth were evaluated. From 2016 to 2022,
South Africa’s exceptional research output demonstrates its strong support
for research capabilities, with local affiliations actively participating in the
niche area. The availability of research grants could have increased the
productivity of CCWRM_AG studies, facilitated the expansion of funding
initiatives, attracted top scholars, and supported other developing
institutions (Saygitov, 2018). The high research output from top
universities suggests effective funding for research capacity, potentially
increasing productivity and motivation. Nevertheless, this connotes a
possible link between increased funding from co-authors’ nationality or
the organization’s domicile and research centers.

3 Results
3.1 Analysis of top-cited articles

The study analyzed 1,119 articles from Scopus and WOS databases,
presenting the annual scientific output of CCWRM_AG research over
time, as shown in Figure 3. The review reveals an annual growth rate of
18.98%, indicating an increase in the research horizons of CCWRM_AG
over time. From 1997 to 2015, CCWRM_AG studies experienced a
decline in scientific production, except for 2012 and 2013, possibly due to
factors impacting the field’s scientific output. For instance, the keywords
used in studies on CCWRM_AG have their origins, with synonyms and
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alternatives used such as “Water Scarcity,” “Climate Change AND Water
Resource Management,” “Water Policy;” “Climate Change Adaptation,”
“Water Governance” and “Institutional Water Governance” became the
standard phrases. Recent studies on the human dimensions of climate
change, sustainable water resource use, and societal awareness have been
influenced by climate change response policies and adaptation to water
management (Aznar-Sanchez et al., 2018; Madondo and Nkwana, 2021).
From 2016 to 2021, CCWRM_AG studies experienced exponential
growth, with more researchers publishing in niche areas, but related
journals were not producing as much as expected. South Africa reached
its highest number of publications in CCWRM_AG in 2021, a significant
peak in the research field, reflecting the region’s progressively increasing
publications between 2020 and 2021 (Figure 3). Consequently, the
CCWRM_AG studies experienced significant growth in 2021, but
progress decreased in 2022 possibly due to increased research on climate
change influences, including rising greenhouse gas concentrations.
South Africa is enhancing its water management and control
capacity to ensure sustainable and equitable use for humanity,
addressing water scarcity and streamlining the water sector for
equitable use (Meissner and Funke, 2014; Eslamian et al., 2017). The
shifts have prioritized climate change adaptation and sustainable
development, requiring data-driven research and policy priorities for
communal and government stakeholders. Therefore, the responsibility
to adapt lies with multiple stakeholders at different societal levels,
requiring collaborative engagement to ensure the success of the
adaptation process. The impacts of climate change on water resources
necessitate collective action from government, industries, communities,
and individuals to ensure the sustainability and resilience of water
systems. The European Union Assembly and the United Nations are
collaborating to tackle water shortages globally and regionally (Booth
etal., 2020), thereby enhancing water efficiency and contributing to the
observed growth trend. The temporal growth in scholarly output since
1997 (y = 1.4667¢""), is depicted by publications on CCWRM_AG as
shown in Figure 3. The Intergovernmental Panel on Climate Change
(IPCC) predicts a significant increase in temperatures and sea levels,
potentially leading to severe food and water shortages, droughts, and
significant human migration in coastal areas by 2050 (Chao and Feng,
2018). The scholarly interest in CCWRM_AG studies surged in 2021
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and 2022 due to projections about water scarcity, droughts, and storm’s
potential impacts on water resource management and sustainability
(Al-Hemoud et al., 2020).

Table 1 provides a comprehensive overview of 1,119 articles, 123
book chapters, 769 articles, 38 conference papers, 7 editorials, 118
review papers, 525 journal sources, and 13 books assessed. The
publication developments on CCWRM_AG research have been
strengthened by 2,965 author appearances, 6.89 articles per author,
3.87 authors per document, and 5.719 co-authors per document. 183
single-authored and 123 multi-authored authors, with a collaboration
index of 5.719, were involved in all appraised articles. The study,
involving 183 single-authored and 123 multi-authored authors,
revealed that CCWRM_AG studies have experienced a significant
increase in monitoring and assessment, with an average annual
growth rate of 18.98% and citation rate of 17.71% from 1997 to 2022.

Figure 4 shows the author’s keyword usage from 1997 to 2022,
revealing peak and fall trends based on hot topics, and providing a
comprehensive overview of their dynamic keyword usage patterns. The
most frequently used keywords after 2003 show a consistent increase
in terms of climate change, South Africa, water scarcity, and adaptation.
In 2022, there was a significant rise in climate change research, with
342 published articles, largely due to ongoing discussions on global
impacts on water resources and agriculture (Frona et al., 2019). Since
2015, climate change and agriculture have become the most prominent
topics in the study field, indicating a significant increase in discourse
on this subject. The United Nations has recorded 2023 as the second
warmest year on record, tied with 2022, largely due to high global
temperatures (United Nations, 2023; Kaba, 2024), potentially impacting
early studies on CCWRM_AG in regions like South Africa.

The keywords related to South Africa are used in an Overarching
Implementation Plan and Strategic Framework for CCWRM_AG
studies, aiming to enhance sectoral synergies and coordinate
adaptation efforts at all levels (Adom et al., 2022). Consequently, this
study highlights the growth trend in water, climate change adaptation,
food security, governance, adaptive management, Africa, and water
resources between 2005 and 2009 as mankind seeks a sustainable
economy. The 2015 and 2016 drought in South Africa significantly
impacted the hydrological cycle, leading to a surge in topics such as
resilience, sustainability, vulnerability, water governance, and water
policy (Meza et al., 2021). After 2016, research on climate change-
induced water scarcity and drought in the country has been
accelerated due to this development. More research should focus on
key terms to identify significant, recent, and future issues in the niche
area of nature-based solutions (NBS) for climate change adaptation,
defining recent and future challenges. Consequently, the keyword
terms reveal the relationship between the co-word network and high-
frequency author’s keywords, aiding in understanding the topics and
themes covered by the CCWRM_AG research area.

3.2 The distribution of top author’s
keywords and most cited journals

Table 2 shows the annual topmost cited articles and total citations
in the CCWRM_AG research field, indicating growth trends in
citations over the years. The influence of an author in a specific
research field is typically measured by the average total citations per
year and the number of publications in that field. The annual growth
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TABLE 1 Focal information about data retrieved from CCWRM_AG
studies in South Africa.

Documents Time-period

Timespan 1997-2022
Sources (Journals, Review Articles, Books, etc.) 525
Documents 1,119
Annual growth rate % 18.98
Document average age 6.89
Average citations per document 17.71
References 56,631
Document contents

Keywords plus (ID) 4,181
Author’s keywords (DE) 2,827
Authors

Authors appearances 2,965
Authors of multiple-authored documents 123
Authors collaboration

Single-authored documents 183
Co-authors per document 3.87
International co-authorships % 5.719
Document types

Article 769
Article, book chapter 20
Article, early access 5
Article, publication with expression of concern 1
Book 13
Book chapter 123
Conference paper 38
Data paper 2
Editorial 7
Editorial material 1
Editorial material, book chapter 5
Letter 1
Meeting abstract 1
Note 3
Proceeding paper 6
Retracted 1
Review 118
Review, book chapter 1
Short survey 4

trend of citations and publications by academic scholars indicates
their research strength and the quality of their research output (Wang
etal, 2018). The annual citation trends in CCWRM_AG show a peak
in 2011 and 2015, followed by a high peak in 2014, and a decline in
1998, 2021, and 2022, indicating a significantly low average article
citation in the field (Figure 3). From 1997 to 2005, South Africa
experienced a significant shortage of water resource management and
climate change publications, with four without citations in 1998 due
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Dynamic trends of hot topics on CCWRM_AG studies in South Africa.
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to early studies. This trend persisted from 1998 to 2005, highlighting
the need for further research and citations in these areas. The overall
article citation trend fluctuated between 2006, 2010, 2016, and 2017,
with multiple average citations per article, indicating a fluctuating
trend that continued to grow and fluctuate over the years. The decline
in average citations per article indicates a potential instability in the
research field in terms of total citations per article (Ellegaard and
Wallin, 2015). Between 2010 and 2011, article citations experienced a
swift increase, with an average of 31.11 and 43.08 per article
respectively, indicating a rapid and substantial increase (Table 2).
Between 2014 and 2015, the highest growth in top-cited articles was
observed, with the highest average citations per article being 48.51 and
45.74, respectively, during the survey period.

Figure 5 shows the top 10 most cited journals on CCWRM_AG
studies in South Africa. The study ranked 525 journals based on the
number of most cited articles and their start year of publication on
CCWRM_AG studies during the survey period. In 2022, Water SA
surfaced in the top list of journals accounting for (n = 37) followed by
Sustainability (32), Physical and Chemistry of the Earth (n = 28), Water
Policy (n = 24), and JAMBA: Journal of Disaster Risk Studies (n = 23).
Notably, the Water SA journal ranked highest with 3.32% of articles,
indicating a wide distribution of research scholarship across various
fields in large journals (Zyoud and Fuchs-Hanusch, 2017). In essence,
Water SA’ high citation rate and impact factor in CCWRM_AG studies
demonstrate the quality and applicability of its published articles,
indicating their potential for global audience and relevance in the field.
CCWRM_AG is recognized for its top-cited articles in various fields
such as climate change, water resource management, water scarcity,
water policy, remotely sensed water stress, institutional water governance,
water sustainability, and hydrological droughts among others.

Frontiers in Water

3.3 Analysis of top authors keywords, word
cloud, and thematic evolution

Table 3 shows the top 20 most relevant keywords in the field of
CCWRM_AG during the survey period. Author keywords include
climate change (n = 194), South Africa (n = 123), adaptation (n = 96),
water scarcity (n = 94), climate change adaptation (n = 89), water
governance (n = 60), resilience (n = 46), water (n = 39), sustainability
(n =33), and food security (n = 30) among others. The analysis of
keywords underscores the significance of addressing climate change,
water scarcity, and sustainability in the context of CCWRM_AG
studies, emphasizing the need for effective solutions for achieving
sustainable development. The study identified significant author
keywords and keyword-plus such as “climate change” in 194 (17.3%)
and 353 (31.5%), “South Africa” in 123 (11.0%) and 303 (27.1%),
“water management” in 21 (1.9%) and 243 (21.7%). Additionally,
“Africa” was identified in 26 (2.3%) and 85 (7.6%), “Agriculture” in 27
(2.4%) and 76 (6.8%), “water scarcity” in 94 (8.4%) and 68 (6.1%),
“drought” in 28 (2.5%) and 58 (5.2%), “sustainability” in 33 (3.0%)
and 53 (4.7%) and “water” in 39 (3.5%) and 51 (1.6%) respectively.
The results indicate that CCWRM_AG studies consistently identify
climate-related risks, highlighting the process influenced by climate
change events, extreme weather events, and variables. CCWRM_AG
research hotspots focus on key aspects of water resource management,
including water footprint, adaptive management, decision-making,
irrigation, and climate change adaptation, which have been utilized
in this field over time. The major approaches for data collection and
integrating policy, program, and practice are water conservation,
sustainable development, and governance, which are essential for
promoting sustainable development and governance. Nevertheless,
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TABLE 2 Annual top 20 most cited articles and total citations per year in
CCWRM_AG research.

Year NC Mean TC Mean TC Citable
per article per year years
1997 2 9.50 0.34 28
1998 4 0.00 0.00 27
1999 1 20.00 0.77 26
2000 2 15.00 0.60 25
2001 6 7.83 0.33 24
2002 5 21.00 091 23
2003 7 15.29 0.70 22
2004 8 32.62 1.60 21
2005 4 14.75 0.74 20
2006 10 8.90 0.47 19
2007 15 33.27 1.85 18
2008 15 324 1.91 17
2009 12 22.58 141 16
2010 19 3111 2.07 15
2011 24 43.08 3.08 14
2012 39 2536 1.95 13
2013 46 28.65 239 12
2014 41 48.51 4.41 11
2015 43 45.74 457 10
2016 67 18.49 2.05 9
2017 82 21.16 2.64 8
2018 97 20.03 2.86 7
2019 123 16.43 274 6
2020 131 12.27 2.45 5
2021 157 636 1.59 4
2022 154 2.44 0.81 3

NC, Number of cited articles; TC, Total citation.

this study identifies South Africa as a country-specific case,
highlighting the connection between keywords and authors from the
country and its high usage in the field. The study explores the
association between CCWRM_AG studies and management
approaches for water scarcity, drought events, resilience, and capacity
building for sustainable development, based on the author’s ideas and
document content.

Figure 6 shows the thematic evolution of themes within the
CCWRM_AG research field, dividing the period (1997-2018)
and (2019-2022) under different time scales. The results reveal
that the stable theme used from 1997 to 2018 was linked to
climate and environmental change, which evolved into climate-
related events from 2019 to 2022, and remained climate-related
impacts from 2019-2022, respectively. This section evaluates the
evolution of themes and research clusters in South Africa’s
climate change, water resource management, adaptation, and
governance (CCWRM_AG) studies, identifying key terms and
sources based on their occurrence. Thematic evolution is a key
feature of published articles, indicating the recurring appearance
of key research terms or themes over time, influenced by the
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author’s keyword distribution per year. Between 1997 and 2018,
flooding was a frequently researched indicator, while between
2019 and 2022, water scarcity emerged as the largest debated
issue in South Africa. This may be attributed to South Africa’s
diverse ecosystem influenced by its bimodal climatic zones,
which significantly impacts food systems, water security, human
health, and ecological biodiversity due to topographical
complexities in semi-arid environments (Muche et al., 2012; Carr
etal., 2022; Mndela et al., 2023). The connections between nodes
suggest a collaboration between climate change and other
landscape-scale indicators, which are still largely unexplored. The
stronger the connectivity of each node, the more significant their
influence on the environment. The connecting network features
a wide indicator-to-indicator node at the edge, with climate
change being the most prominent issue in South Africa’s
independent research articles (Figure 6). Table 3 shows the
collective data derived from representative keywords commonly
used in the field.

Figure 7 shows a word cloud displaying research outputs and
frequently occurring keywords in CCWRM_AG studies, with each
keyword size indicating its strength and frequency in the literature. The
CCWRM_AG research employs a word cloud to visualize dominant
words, identifying areas of focus and stronger literature relationships,
aiding in understanding the research effectiveness and relevance
during the survey period. For example, climate change adaptation,
South Africa, drought, resilience, water scarcity, disaster risk reduction
and water governance. Other dominant terms are vulnerability, water
footprint, food security, water policy, water management, agriculture,
climate variability, irrigation, and sustainability among others. Overall,
it is apparent that climate change and water resource scarcity are the
major keywords which can be associated with the influence climate
change has on water access, water scarcity, drought, adaptation and
governance (Kahil et al,, 2015; Leal Filho et al., 2022). There is scientific
progress or innovation in the study of climate change and water
scarcity which should be sustained by leveraging on gaps these
keywords have suggested. Therefore, the key themes in South Africa’s
climate change and water resource management, including adaptation,
water scarcity, and governance, should be continuously advanced by
addressing identified gaps and effectively utilizing these areas for
further research and development. For example, the keywords
highlighting the environmental impacts of water scarcity, institutional
strengthening of water governance, adaptive management, and
sustainable development did not significantly appear, indicating their
non-significant association. The study identifies crucial knowledge
gaps in the CCWRM_AG domain, especially in Sub-Saharan African
countries, thereby advancing the frontier in this field.

3.4 Analysis of top relevant author’s
affiliations, most-cited authors, and
keywords

Figure 8 shows the relationship between the top relevant author’s
affiliations, most-cited authors, and keywords in the field of CCWRM_
AG since 1997. The strength of an author in a specific niche area can
be inferred from the influence of articles published by authors, as they
exert a significant influence on their work. The researcher’s academic
impact and output demonstrate their effectiveness and commitment to
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FIGURE 5
Top 10 most cited journals on CCWRM_AG studies.

TABLE 3 Most relevant keywords in CCWRM_AG research.

Author keywords Articles frequency Keywords-Plus (ID) Articles frequency
(DE) (%) (%)
1 Climate change 194 (17.3) 1 Climate change 353 (31.5)
2 South Africa 123 (11.0) 2 South Africa 303 (27.1)
3 Adaptation 96 (8.6) 3 Water management 243 (21.7)
4 Water scarcity 94 (8.4) 4 Water supply 178 (16.0)
5 Climate change adaptation 89 (8.0) 5 Adaptive management 95 (8.5)
6 Water governance 60 (5.4) 6 Africa 85 (7.6)
7 Resilience 46 (4.1) 6 Sustainable development 85 (7.6)
8 Water 39 (3.5) 7 Water resource 79 (7.1)
9 Sustainability 33(3.0) 8 Agriculture 76 (6.8)
10 Food security 30 (2.7) 9 Decision making 75 (6.7)
11 Governance 29 (2.6) 10 Water scarcity 68 (6.1)
12 Drought 28 (2.5) 11 Governance approach 64 (5.7)
13 Agriculture 27 (2.4) 12 Article 61 (5.5)
14 Africa 26 (2.3) 12 Human 61 (5.5)
14 Vulnerability 26 (2.3) 13 Drought 58 (5.2)
14 Water policy 26 (2.3) 13 Irrigation 58 (5.2)
15 Water footprint 22 (2.0) 14 ‘Water resources 56 (5.0)
15 Water security 22 (2.0) 15 ‘Water conservation 55 (4.9)
16 Water management 21(1.9) 16 Sustainability 53 (4.7)
17 Disaster risk reduction 20 (1.8) 17 Water 51 (4.6)

conducting quality research, thereby contributing significantly to the ~ according to region-specific results. The University of Kwazulu-Natal
field of study (Wang et al., 2018). The most influential author’s research (1 = 151) topped the list of the total number of published articles
outputs were sourced from home affiliations based on CCWRM_AG,  followed by the University of Cape Town (n = 150), the University of
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the Witwatersrand (n = 88), the University of the Free State (n = 82),
and the University of Pretoria (n = 80) respectively. The most-cited
articles were authored by top authors affiliations including Van Koppen
B and Ziervogel G from the International Water Management Institute
accounting for 11.34 and 10%, followed by Mabhaudhi T from the
University of Kwazulu-Natal accounting for 9.25% and Nhamo L
accounting for 7% from Water Research Commission and Modi A T
accounting for 6.5% from the University of Cape Town.

South African researchers consistently demonstrate strong
research strength and prolific output, highlighting their significance
in the field of CCWRM_AG. It is worth noting that Van Koppen B
is the most influential author with the highest fractional authorship
qualities, accounting for 11.34% of individual author’s contributions
to published articles. The ratio of fractionalized documents to full
counts of publications with external co-authorship ranges from 0 to
1. However, the value 0 indicates exclusive external collaboration
without a home university researcher, while the larger value

Frontiers in Water

suggests a more collaborative approach (De Moya-Anegon et al.,
2018). The results reveal that Van Koppen, Ziervogel G, and
Mabhaudhi T are ranked first, second, and third among authors
who do not work with external collaborators, as shown in Figure 8.
The visualizations were created by selecting three key metadata
fields, with each item bar’s size proportional to its contribution to
the reviewed area. Notably, the University of Kwazulu-Natal
(UKZN) and the University of Cape Town (UCT) are frequently
mentioned in articles, indicating their significant influence and
consistent usage in the field (Figure 8). The survey indicates that
publications on CCWRM_AG in South Africa have significantly
influenced the field, along with other affiliated institutions, during
the survey period. The top two institutions were identified as key
contributors to articles on climate change, adaptation, resilience,
water scarcity and climate change adaptation, often using their
keywords in the context of these topics, highlighting their
significant contributions.
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3.5 Geospatial analysis and risk assessment
of water scarcity and its
socio-environmental impacts in

South Africa

Figures 9a,b shows the spatial distribution and risk
assessment of water shortages and their impacts across South
African provinces from 2018 to 2022. The spatial data analysis
was obtained from the National Integrated Water Information
System (NIWIS) database (web-service-based platform). The

Frontiers in Water

dataset is a valuable tool for monitoring and assessing water-
related issues, emphasizing the need to raise awareness about
South Africa’s water scarcity and mitigation strategies (Sambo
et al.,, 2015). The results show that water dam levels in provinces
like KwaZulu-Natal, Gauteng, Mpumalanga, Limpopo, and parts
of Free State are categorized into moderately high (blue shades),
indicating a relatively stable water resource status, indicating a
healthier water supply (Figure 9a). The water dam levels (green)
indicate a balanced state of water availability, with regions like

the North West shortages or

showing no significant
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(A,B) Spatial distribution and risk assessment of water shortages and their impacts across South African provinces from 2018 to 2022.

(b)

overabundance indicating a normal distribution of water
availability. The Western Cape, Northern Cape, and Eastern Cape
are experiencing moderate to very low water levels (yellow to red
shades), with areas in the Western Cape showing very low levels
(orange to red) indicating a high risk of water shortages.
Therefore, this connotes that the intensity of red indicates the
severity of water shortage risks, with darker shades indicating
higher risks across provinces (Figure 9b). Since 2015/2016,
drought in South Africa’s Northern Cape, Western Cape, and
Eastern Cape provinces has resulted in food and water insecurity
for 15 million people, primarily due to global climate anomalies
caused by El Nino in northeastern and north-central regions
(Ncube and Shikwambana, 2017; Rasul et al., 2021). The
development aligns with National Disaster Management reports
on severe droughts and flooding events that have severely
impacted numerous local communities (Ibebuchi, 2021; Adom
et al.,, 2024). The Eastern Cape and Free State are at risk of water
shortages due to changes in rainfall patterns, despite not
experiencing immediate crises as severe as western regions. The
analysis reveals that rainfall variations in South Africa are causing
negative impacts on water dams and river levels, affecting food
web production in these dam clusters (Figure 9). Nevertheless,
the waterway network demonstrates the interconnectedness of
regions through rivers and water bodies, potentially providing
relief during shortages or serving as crucial irrigation sources in
agriculture. The results reveal that the Western Cape and
Northern Cape are identified as high risk due to low dam levels
and potential drought conditions, while the Northern Cape faces
water shortages across its vast arid lands. The eastern and
northeastern provinces, such as KwaZulu-Natal, Limpopo, and
Gauteng, have a relatively low risk of short-term water shortages
due to their humid climate and better water resources.

Table 4 provides an overview of how different provinces are
affected by water shortages based on the dam water level
distribution across provinces in South Africa from 2018 to 2022).
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The table categorizes provinces based on water shortage risk
(high, moderate, or low) and dam levels (ranging from very low
to high), providing insights into the relationship between water
availability and scarcity in different regions (Figures 9a,b and
Table 4). Although certain provinces currently maintain high
dam levels, future water availability may be impacted by factors
such as climate change, population growth, and rising water
demand, potentially disrupting the existing balance and
increasing the risk of shortages. The analysis reveals significant
water shortage risks in certain provinces, particularly the Western
Cape, while others maintain relatively stable water availability.
This study underscores the necessity of proactive water
investment, and

management infrastructure

sustainable water use policies to mitigate risks and ensure long-

strategies,

term water security in South Africa.

4 Discussion

This study provides valuable insights into various aspects of
the CCWRM_AG studies. Between 1997 and 2022, CCWRM_AG
studies identified climate change and water research as the most
common keywords (Figures 5, 7). The results reveal that the
University of Kwazulu-Natal and the University of Cape Town are
the top universities for the author’s home country affiliations,
according to the findings of the relevant author’s research. The
study indicates that Kwazulu-Natal province, with its humid
climate and abundant water resources, is at a lower risk of short-
term water shortages. South Africa’s northeastern and north-
central regions face water scarcity risks, leading to high scientific
production of studies on CCWRM_AG by the region’s universities
(Figure 7). Between 2015 and 2017, South Africa experienced a
76% average decline in agricultural yield, mainly in the Western
Cape, due to severe water scarcity, affecting winter wheat nuts
and maize production in the country’s largest wheat-growing
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TABLE 4 Summary analysis of water shortage in relation to dam water
levels (2018-2022).

Province Water Water dam
shortage level
risk
1. Western Cape High risk Very low (orange)
2. Northern Cape Moderate risk Neutral (light
purple)
3. Eastern Cape Moderate risk Normal (light
Blue)
4. Free State Low risk High (dark blue)
5. Gauteng Low risk High (dark blue)
6. North West Low risk Moderately high
(green)
7. Limpopo Low risk High (dark blue)
8. Mpumalanga Low risk High (dark blue)
9. KwaZulu-Natal Low risk High (dark blue)

province (SADC, 2016; Olabanji et al., 2020). For instance,
Siphambe et al. (2024a) propose integrating mitigation strategies
like systematic rainwater harvesting into solutions to prevent
stormwater generation, thereby improving overall water
management beyond just managing runoff. Cape Town can
efficiently use its financial resources to establish large-scale
rainwater harvesting infrastructure, (Muleta et al., 2020) akin to
Frankfurt Airport’s underground cisterns system (Aslan and
Selcuk, 2018), thereby reducing water waste and promoting
efficient reuse. Historical water management techniques, like the
“Venetian wells” in 18th-century Venice, can significantly reduce
water scarcity and environmental impacts by maximizing
rainwater utilization, thereby reducing water scarcity and
enhancing overall water quality (Ciriacono, 2018). Furthermore,
the study region highlights the significant impact of climate-
related water scarcity on various provinces, particularly those
affected by water stress and drought-related hazards. The overall
analysis includes top-cited articles and the distribution of the
author’s keywords, most cited journals, word cloud, thematic
evolution, and relevant author’s affiliations on CCWRM_AG. The
study assesses spatial distribution and water shortage risks,
suggesting further research on climate change and water resource
scarcity in South Africa.

The findings reveal that the Western Cape province is the
most severely affected by severe water shortages and declining
water quality (Figures 9a,b). Studies have shown that dam levels
in the Western and Eastern Cape are decreasing, with the Eastern
Cape implementing voluntary water restrictions similar to Cape
Town, indicating a decline in water resources (Botai et al., 2018;
Orimoloye et al., 2019). For instance, over 80% of major
catchments are overutilising over 80% of rivers, leading to
prolonged dryness in the summer months (Chatanga and
Seleteng-Kose, 2021). To improve water supply through 2040 and
promote sustainable mining and agricultural practices, the Vaal
Gamagara Water Scheme was introduced on June 23, 2016, in the
Northern Cape province to minimize water stress (DWS Press
Statement, 2016). Studies indicate that climate change in
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South Africa, particularly in the Northern Cape and Eastern
Cape, has resulted in drought hazards and water shortages
(Donnenfeld et al., 2018; Mpanyaro et al., 2024). Moreover, Cape
Town, a Western Cape city, experienced low average dam levels
between 2015 and 2018, indicating ongoing water scarcity-related
challenges, as evidenced by the low dam levels between the years,
according to previous studies (Botai et al., 2017; Orimoloye et al.,
2019; Theron et al., 2021; Wolski et al., 2021; Meza et al., 2021).
A study reveals that KwaZulu-Natal overuses 50% of the Pongola-
Mtamvuna basin’s rivers, with low dam levels during the dry
season, exacerbated by high water usage (Awuah, 2020). Cape
Town’s city, situated in the Western Cape province has created
new water constraints, causing water stress on the Karoo and
western coast of the country, prompting the city to invent new
levels in 2016 (City of Cape Town, 2016).

4.1 Potential climate-related water
shortage and plausible mitigation plans in
South Africa

The fundamental step in water resource management is
planning, developing, and managing water resources in terms of
quantity and quality across all users. Climate change and
population growth have led to significant variability in global
water resources over the past few decades, posing a global water
resource vulnerability (Cheo et al., 2013; Thornton et al., 2014).
South Africa is facing significant threats to food security due to
water scarcity and drought hazards, resulting in socioeconomic
loss, ecological biodiversity vulnerability, exposure, and soil
moisture deficits (Leal Filho et al., 2022; Du Plessis, 2023). The
region has been experiencing severe drought since 2015,
exceeding the Department of Water and Sanitation’s guidelines,
resulting in a water deficit, possibly due to climate change,
delayed rains, and reduced dam levels (Enqvist and Ziervogel,
2019; Makaya et al., 2020). South Africa’s severe water scarcity,
worsened by climate change, is causing increased demand for
water in agriculture, due to persistent dry events and increasing
short-term and long-term water demand (Calverley and Walther,
2022; Olabanji et al., 2020), but there is limited knowledge on
managing this situation at regional and local scales. Therefore,
long-term water stress projections, monitoring, impact analysis,
adaptive management, and intervention programs can be utilized
for risk mitigation in water shortage and reduction plans. Recent
climate change and anthropogenic disturbances pose severe
threats to water resources, affecting agricultural land, human
health, vegetation, and ecosystem functioning (Afuye et al,
2021a; Afuye et al., 2024b). The growing population, industrial
expansion, and agricultural demands are escalating the need for
efficient resource management, robust governance, technological
innovation, and long-term planning. Hence, implementing a
multifaceted approach that combines robust institutional and
adaptive governance, regulatory policies and economic incentives
is crucial for effectively addressing water scarcity and
environmental impacts. This would improve the support for
guiding water conservation and climate policy interventions for
sustainability. This study suggests that improving irrigation
techniques, implementing water reuse strategies, and promoting
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climate-resilient agriculture can effectively tackle water
inequality, population demands, and climate uncertainty in
drought-prone areas.

4.1.1 Policy implications for climate change
governance and future water resource
management in South Africa

Climate change is predicted to exacerbate the effects of dry conditions
in various regions, potentially causing significant economic impacts (Leal
Filho et al., 2022; Muzammal et al., 2024). The study reveals that certain
regions in the country are experiencing severe water stress due to climate
change and water scarcity, prompting the declaration of a national
emergency if any province or municipality runs out of water supplies.
South Africa can tackle water shortages through national conservation
and climate policy measures, but a restricted scenario is needed to prevent
the cascading effects of climate change on water resources management.
The study highlights a gap in the literature on South Africa’s climate
change and water resource issues and the impact of interventions on rural
community resilience structures. Sub-Saharan Africa, including
South Africa, is grappling with water scarcity due to climate change,
necessitating adaptive governance for managing water resources using
tool kits (Nayono, 2014; Critchley et al., 2023). The Kkits aid in green
infrastructure planning for climate-smart cities, requiring continuous
monitoring, evaluation, policy application, and Indigenous science for
adaptive capacity, sustainable practices, and water resource management.
South Africa’s research and policy integration is crucial in addressing
water scarcity and climate change risks, emphasizing the importance of
sustainable water resources in developing effective policies and actions.
Effective demand management policies, including rainwater collection,
wastewater reclamation and treatment, and water footprint control, can
help mitigate climate change-induced water shortages in the region. This
study underscores the significance of its findings in guiding future
research and policy formulation on water resource management and
climate change mitigation in South Africa, potentially influencing
scholarly investigations and practical interventions. The policy will guide
universities and research centers in creating targeted policies to stimulate
scientific inquiry and provide fresh insights into CCWRM_AG studies.

4.1.2 Limitations and future studies

The corporate governance directorate in South Africa is
focusing on climate change and water resource management, but
there is a need for more targeted policies and funding in research
niche areas. The integration of synergies within governance
networks is crucial for sustainable water resource management,
requiring high-level decision-making and timely resolutions to
minimize national and local water scarcity. An all-inclusive,
integrated approach to managing water resources, enhancing
climate change resilience, and accommodating the growing
population is crucial for sustainable water resource management.
The integration of climate change and water resource scarcity,
combined with adaptive governance and nature-based solutions,
will enhance our understanding of these challenges as research
progresses. New research on climate change-related water scarcity
will provide more comprehensive and sustainable development
strategies as empirical studies and solutions continue to develop.
The study suggests South Africa implement a networked
governance approach for decision-making and multi-level
solutions in managing natural water sources and their affected
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communities for effective and sustainable management. In
addition, the study underscores the need for further research on
more keyword words to identify significant, historical, and
current issues, emphasizing their significance in future studies.
Further research should explore innovative solutions to address
severe water scarcity and its impacts on agriculture, incorporating
networked governance and sustainable development practices to
mitigate climate change effects. The study recommends
incorporating diverse geospatial and bibliometric research
databases to

identify potential research development,

improvements, and future research hints.

5 Conclusion

This study assessed climate change, water resource
management, adaptation, and governance (CCWRM_AG)
intellectual domain, identified research hotspots, and proposed
solutions to tackle water scarcity and environmental impacts in
South Africa. The CCWRM_AG field in South Africa is
experiencing an 18.98% annual growth in citations per article,
with the University of KZN and the UCT ranking first with the
highest total number of published top articles, indicating their
significant contributions to their home-affiliated institutions.
Top authors’ articles and citations primarily come from home-
affiliated institutions and associated research centers, indicating
the significant academic influence these affiliations have on their
field. Van Koppen B., a prominent author with 28 cited articles
has
significantly impacted the field of water management through his
publications from UKZN and UCT. This connotes that UKZN
and UCT are well-positioned to advance their home affiliations’

by the International Water Management Institute,

involvement in CCWRM_AG research through collaboration,
innovation, and funding opportunities, strengthening their
position in the field.

The findings reveal that the Western Cape province experiences
severe water shortages, significantly impacting water quality,
agricultural productivity, and livelihoods due to critically low dam
levels. The Northern Cape also faces water scarcity, particularly in its
arid regions, while other provinces maintain relatively stable water
availability. Hence, we can infer that climate change exerts a significant
influence on weather events like droughts and shifts in precipitation
patterns, affecting food web production and ecosystem health in
various regions. The study reveals that top South African universities
and research centers significantly influence policy through academic
influence, particularly in shaping the climate change adaptation
landscape. Therefore, this study identifies top articles as leading in
water planning and climate policy redesign, demonstrating their
effectiveness and proficiency in quality research. This study
emphasizes the need for further research on the social impact of water
scarcity on communities and residents in South Africa, as most studies
focus on physical aspects, neglecting human phase challenges. This
study focuses on the core area of CCWRM_AG research, highlighting
the knowledge gap in South Africa’s climate change-related water
scarcity and the need for a broader understanding of social aspects,
particularly in Sub-Saharan African countries. As research advances,
new empirical solutions are expected to address climate-related water
scarcity, paving the way for broader sustainable development plans.
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