A Journal of the
Brazilian Political
Science Association

Correspondence:

Jose Irivaldo Alves Oliveira
Silva

E-mail:
jose.irivaldo@professor.ufcg.
edu.br

Received:
August 05, 2024
Approved:

July 08, 2025

D01:10.1590/1981-
3821202600010006

Data replication:
https://doi.org/10.7910/DVN/
MI1MSA

Funding information:
National Council for
Scientific and Technological
Development (CNPq) under
Grant 311245/2020-0;
Paraiba State Research
Support Foundation (Fapesq)
under Grant
55068.923.28597.23102022.

Associate editor:
Carlos Milani

BY

=

b p S r' RESEARCH NOTE - v20n1 (2026)
politicalsciencereview -

Climate Change and Water
Management Policy: a
Review

Jose Irivaldo Alves Oliveira Silva’
Lo} https://orcid.org/0000-0002-0022-3090
Tiago Almeida de Oliveira?

® https://orcid.org/0000-0003-4147-7721
Angela Maria Cavalcante Ramalho?
{0} https://orcid.org/0000-0002-8567-4367
Mateus Silva Rocha?

e https://orcid.org/0000-0001-5110-9063
Yuri Batista Oliveira Gomes?

L0} https://orcid.org/0009-0009-4267-3856
Gabriel Messias Santana Peixoto?
Lo} https://orcid.org/0009-0003-8948-6122
Gabriel Alves do Rosario'’

® nhttps://orcid.org/0009-0001-1088-7915

TUniversidade Federal de Campina Grande (UFCG). Campina Grande/PB,
Brazil.
2Universidade Estadual da Paraiba (UEPB). Campina Grande/PB, Brazil.

Abstract: This work reviews and discusses research approaches related to
climate change and water resources, an essential area for the conservation of
life and the environment. According to the global state of the art, there is an
urgent need to expand sectoral statistical analyses of the impacts of climate
change on water resources, especially in Brazil. A bibliometric method was
applied, adopting a quantitative analytical approach. Active Learning
Methodologies were also used, combining Artificial Intelligence for filtering
with researcher analysis to assess the impact of studies addressing the
interface between climate change and water management on national and
international scientific production. The systematic review of the articles reveals
a global trend toward recognizing the interaction between climate change and
water resources. The studies analyzed indicate that water resource
management must evolve toward an adaptive, sustainable, and collaborative
approach, integrating quantitative and qualitative data and promoting
effective governance.
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In recent years, increasingly severe extreme climatic events have been observed,
particularly changes in precipitation and temperature patterns and large-scale
environmental disasters (especially those related to water). These phenomena have
particularly affected river basins and their water sources, whose hydrological supply
functions — capturing, storing, and distributing water both quantitatively and
qualitatively — have become a concern in scientific and political circles worldwide. In
some areas, such as Brazil's semi-arid regions, the consequences are particularly
severe, as these areas may become arid, undermining agriculture, industry, and
human consumption. Recent studies have emphasized the need for integrated
governance and adaptive responses to extreme events and shifts in rainfall and
temperature regimes (BUYTAERT et al,, 2010; VELDKAMP et al., 2015). These shifts
pose a threat not only to water availability but also to the functionality of river basins
as hydrological units responsible for water capture, storage, and distribution.

Climate change has thus emerged as one of the most complex contemporary
problems, fueling debate across various fields of knowledge in the search for new
explanations and solutions to the current socio-environmental issues. Research in this
area seeks to identify epistemic-theoretical assumptions that can support the
development of new methodological tools suited to the climate perspective. Despite
the importance of the topic, systematic evaluations of scientific output related to
climate change and water management remain limited, especially in the Brazilian
context. In response to this gap, this study offers a bibliometric and systematic review
approach supported by Active Learning methodologies, aiming to explore patterns in
the existing literature. These methods, which integrate machine learning techniques
such as ASReview, enhance the ability to filter, select, and analyze large volumes of
scientific literature. The objective is to assess research trends and extract insights that
inform adaptation strategies, planning, and sustainable water governance.

This study makes a methodological contribution by incorporating Active Learning
methodologies into the systematic review process — an innovative approach in
environmental sciences and climate-water research. Tools like ASReview have been
successfully applied in health sciences to optimize literature screening, as
demonstrated in recent Brazilian studies focusing on evidence-based public health
and predictive modeling in healthcare (NASCIMENTO et al., 2023; SILVA et al., 2022).
However, their application remains incipient in environmental policy, water
management, and climate change adaptation research. This methodological
innovation allows a more scalable and reproducible assessment of the literature,
enhancing transparency and reducing the subjective burden of manual screening. By
applying a machine learning-driven prioritization of articles, our review not only
streamlines the synthesis process but also demonstrates the potential of artificial
intelligence to support robust knowledge production in sustainability science.



Therefore, this paper aims to review and discuss the most relevant research
approaches to climate change and water management, emphasizing the necessity of
adaptive and participatory governance models. Special attention is paid to Brazil,
particularly the Northeast region, which faces heightened vulnerability due to socio-
environmental and climatic constraints. The ultimate goal is to support evidence-
based policymaking by mapping the evolution of research and identifying key
strategies for water management under climate stress.

Following the guidelines of the Recommendations for Reporting Systematic Reviews
and Meta-Analyses (PRISMA) (PARUMS, 2021), we conducted a systematic review. A
form search was carried out in the Web of Science and Scopus databases for studies
published between January 1991 and January 2023. The search used specific terms
such as 'Climatic change' and 'Water management' as primary keywords, along with
related ethnological terms. The full list of search terms can be found in Chart 01. The
results were exported to a spreadsheet and duplicates were removed. In addition, the
lists of references for each study have been manually checked. Based on PRISMA
guidelines, we defined strict inclusion and exclusion criteria to ensure the relevance,
quality, and focus of the selected studies.

Search strings used for the literature review

Database Climate Change Water Management

Web of  ‘Climate Change' OR ‘Water Management’' OR ‘Management of

Science  ‘Climate Change’' OR Water Resources'OR ‘Water Management’ OR ‘Water
‘Climate Change’ OR Policy’ OR ‘Sustainable Water Use’ OR ‘Water Security’ OR
‘Impact of Climate Change' ‘Water Conservation’
OR

‘Adaptation to Climate
Change’ OR Vulnerability
to Climate Change’ OR
‘Mitigation of Climate

Change’
Scopus  ‘Climate Change’' OR ‘Water Management’ OR ‘Management of
‘Climate Change’ OR Water Resources' OR
‘Climate Change’ OR ‘Water Management' OR ‘Water Policy’ OR ‘Sustainable

‘Impact of Climate Change’ Water Use’ OR ‘Water Security’ OR ‘Water Conservation’
OR ‘Adaptation to Climate

Change’ OR Vulnerability

to Climate Change' OR

‘Mitigation of Climate

Change’

Elaborated by the authors.



Subsequently, we used ASReview, a systematic review tool that applies machine
learning and active learning techniques to optimize article selection. The training
parameters were as follows: Feature Extraction technique: TF-IDF; Classifier: Naive
Bayes; Query Strategy: Maximum; Balance Strategy: Dynamic Resampling (Double).
After this stage, articles were ranked based on relevance scores generated by the
model. A cut-off threshold was defined to balance comprehensiveness and focus. Five
reviewers, ensuring reliability and minimizing selection bias, then independently
assessed the resulting set of articles.

Articles were included in this review based on the following criteria: (01) articles
addressing the theme of water management or climate change; (02) original articles
presenting quantitative research based on data on the subject; (03) articles presenting
qualitative research on the subject; (04) articles making predictions based on data.

Conversely, studies were excluded if they did not meet specific methodological or
thematic thresholds: (01) review articles; (02) articles that did not provide a detailed
description of the methodology used; (03) articles focused on secondary outcomes
related to water management or climate change, such as environmental and social
impact studies analyzing the effects of these phenomena on ecosystems and
communities. Policy analysis and adaptation strategies assessing the effectiveness of
climate change responses; studies on risks and vulnerabilities; evaluations of water
infrastructure, epidemiological studies related to public health; and economic
analyses exploring the relationship between water quality and availability. As well as
the economic and sustainable aspects of water management and climate change; and
(04) articles that did not report any relevant outcome.

The intersection between water management and climate change, as reflected in the
results and summary conclusions of the reviewed studies, includes adaptation
strategies, water sustainability, system resilience, mitigation of environmental impacts,
equity in water access, and technological innovations. These findings contribute to a
deeper understanding of this crucial interrelationship, supporting the development of
evidence-based policies and adaptive practices — particularly relevant for countries
such as Brazil, where water management systems are increasingly strained by the
impacts of climate change.



To screen the articles, we first applied the ASReview tool's learning algorithm (BRUSS,
2019), which classified articles based on textual similarity to those previously selected,
streamlining the initial screening process. Subsequently, five authors independently
reviewed the articles to confirm that they met the established eligibility criteria.
Articles selected by consensus among the five authors were included in the review.
Additionally, to enrich our evaluation, we used the ‘biblioshiny’ tool in R, which enabled
statistical analysis of key aspects such as leading authors, most cited articles, most
Cited authors, and the main countries contributing with publications, providing a
comprehensive and informed view of the obtained data.

The bibliometric analysis was conducted both before and after the screening process.
The initial analysis identified a total of 12,489 documents published between 1991
and 2023, involving 42,894 authors. The rate of international co-authorship was 37%,
with an average of 25 citations per document. Additionally, the data revealed an
average annual growth rate in publications of 11.50%.

In terms of manuscript typology, scientific articles predominated, totaling 10,727
publications, compared to other formats such as conference papers (148) and
editorial materials (97).

Annual scientific production

Most relevant publication sources
Most relevant authors
Publications by country of origin

Figure 01 shows that the increase in scientific production began in 2003 and reached
its peak in 2022. A noticeable decline appears in 2023, due to incomplete data for that
year at the time of the analysis.

Figure 02, which highlight the most relevant journals, shows that Water was the most
prominent (1,509 publications), followed by ‘Sustainability’ (865 publications), and
‘Science of Total Environment’ (577 publications).

Figure 03 presents the most relevant authors in the field, with Wang Y leading at 157
publications, followed by Wang X (116 publications) and Li Y (110 publications).

Figure 04 shows the countries of origin of the authors of the analyzed scientific
publications, as well as the type of publication involved — SCP (Single Country
Publications) and MCP (Multiple Country Publications). The United States leads in
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single-country publications, with over 2,000 such publications. In contrast, China
stands out in international collaboration, surpassing the United States in multiple-
country publications. However, China has fewer single-country publications, with just
under 2,000 during the period analyzed.

Figure 071, Annual scientific production
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Elaborated by the authors.

Flgure 02, Most relevant publication sources
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Flgure 03 Most relevant authors
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Figure 04, Most relevant authors
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After the initial bibliometric analysis, we applied an active learning-based approach to
select the 100 most relevant articles, as identified by the machine learning model. A
refined bibliometric analysis was then conducted on this subset to better understand
the publication parameters.

The publication period in this subset spans from 2002 to 2022. A total of 579 authors
were identified, with 20% of publications involving international co-authorship and an
average of 28 citations per document. Regarding the typology of academic
manuscripts, review articles were the most common (07), while scientific articles were
not present in this selection, and only two book chapters were identified. The most
relevant journals remain the same; however, ‘Science of Total Environment’ emerged
as the most relevant in this subset, with 08 publications, followed by ‘Water'(07) and
‘Sustainability’'(05). The leading countries in knowledge production in the field continue
to be the United States, followed by China. The most cited authors were Deidda R,
Hall J, Liz Z, Wang Z, with six authors accounting for 20% for the 100 selected articles.

Of the 100 articles selected via active learning, 48 were initially identified as closely
aligned with the research objectives — namely, the intersection of climate change and
water management, with a focus on governance, planning, and adaptation strategies.
These articles exhibited higher relevance scores and stronger thematic proximity
based on the prioritization generated by the ASReview model.

A full-text reading of the 48 articles was independently conducted by the five co-
authors. From this process, 20 articles were selected for in-depth qualitative and
quantitative analysis based on three main criteria: 01.methodological robustness,
02.direct contribution to the research questions, and 03.representativeness across
geographic and thematic contexts. The final selection was made by consensus among
all reviewers to ensure thematic coherence and minimize bias.

Chart 02 summarizes the selected articles. Columns 01 and 02 report, respectively,
the internal reference number assigned by the Active Learning ranking and the
sequential order of manual evaluation.
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Chart 02 Summary information of the selected articles

3] [1] The article covers Bases: It does not cover It relates climate |It does not use It uses qualitative |t is based on the critical  |It proposes
climatic adaptation critical climate mapping. change to water |quantitative methods, including |institutionalism approach. |adaptive
in the management of institutionali security and methodology. interviews and governance to
water resources in rural  |sm and ater resources thematic analysis. address climate
African communities "institutional in arid and semi- challenges.
affected by variability and  |bricolage". arid areas.
climate change.

[4] 2] The article evaluates Bases: It addresses It relates climate [It uses quantitative |[It does not use It is based on the analysis |It includes climate
hydroclimatic trends in Precipitation |climatic mapping change to water |methodology, qualitative of hydro-climatic dataon  |[management,
Kenya's Lake Victoria , by mapping security and including statistical |methodology. different scales. exploring options
region and their temperatur |hydroclimatic ater resources [and numerical under a climate
implications for water e, ariables. in the Lake methods. change scenario
resource management. evapotransp ictoria Basin. and their

iration, and implications for
flow data ater resource
observed management.
and

modeled.

[5] 3] The article reviews Bases: It does not cover It relates climate |[It does not use It does not use It is based on a literature (It addresses water
climate change and its Comparison |climate mapping. change to water |quantitative quantitative review and a case study  [management with
relationship with of long-term security and methodology in the |methodology conducted in Southern a focus on
groundwater global ater resources, [traditional sense of California, USA. sustainability,
management. climate emphasizing the |data modeling or identifying

fluctuations increase in statistical challenges and
and recent greenhouse forecasting, but it opportunities.
patterns. gases. uses historical

hydroclimatic data

and modeling to

assess the future

under increasing

CO2 concentrations

[6] [5] The article proposes a The article  [The article uses It does not use  [The methodology  [The article suggests |It does not address climatefit addresses water
conceptual model to focuses on |quantitative qualitative includes the adaptation management but focuses |management, with
evaluate the ater methodology, methodology; it [selection of the governance to on the management of  [an emphasis on

ulnerability and resources  |including trend is based on study area, address the water resources affected  |monitoring and
adaptive capacity of managemen |analysis and observed and secondary data complexity and by climate change adaptation to
socio-ecological systems |t under hydrological projected data. |collection, uncertainty of SES. climate variability
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(SES) to climate change, climate modeling. interviews, focal and change.
considering interactions ariability groups, and content

between human and and change. analysis.

natural components.

71 6] The article reviews the Climate It does not cover It relates climate |It does not use It does not use The study provides an It does not
impacts of climate change |planning climate mapping. change to water |quantitative qualitative overview of metrics address adaptive
on groundwater and is based security and methodology; itis  |methodology. related to groundwater  |governance but
highlights challenges in on the ater resources, [based on observed and its connection to rather focuses
understanding the compariso emphasizing the  |and projected data. climate. on adaptive
relationship between n between increase in ater resources
groundwater and climate. |long-term greenhouse gas management

global emissions. under climate
climate change by
fluctuation promoting

s and climate

recent information use.
climate

patterns.

[8] [7] The article discusses the  [Effective While the article It explores the Although it does not |t does not detail It provides an overview It does not focus
importance of ater does not focus interaction detail specific specific metrics. of metrics related to directly on
understanding the managem [specifically on between metrics, the study groundwater and their  |adaptive
processes driving climate |entrelies  |groundwater groundwater recognizes the need relationship with governance but
change and how they on long- mapping, it and climate, for measuring and climate. highlights the
manifest across different  [term acknowledges the taking into monitoring importance of
spatial and temporal hydrologic  |importance of account natural  |groundwater to incorporating
scales. al and understanding processes and  [assess climate climate
It proposes strategies to  |meteorolo  [the distribution of human-induced |impacts information into
improve water gical these resources impacts. ater resource
management in the monitorin  [in different It also examines management
context of climate g regions. how decisions.

ariability and change. networks. groundwater
These affects the
networks climate system.
provide
robust,
accurate,
and
consistent
data

€0006 | p. 10
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essential
to
developin
g tools
that
quantify
uncertaint
ies,
predict
changes,
and create
climate
scenarios
relevant
for water
resource
managem
ent.

[9] 9] The article addresses The article [The article relates The article uses |It applies models to [The article does not |It is based on numerical  [The article
climate planning, whichis |doesnot  |climate change to a quantitative estimate the use a qualitative data and statistical addresses
based in the analysis of  |cover water security methodology. impacts of climate  |methodology. analysis to support its adaptive
future climate scenarios,  |climate and water change and arguments and governance. It
the assessment of mapping.  |resources. It adaptation policies conclusions. It employs proposes an

ulnerabilities and risks,  |While it discusses how in Brazil's Sdo modeling to assess the adaptive
the identification of uses data |climate change Francisco River impacts of climate governance
adaptation measures, from can affect the Basin. change and analyzes the  |model based on
and the integration of global and  |availability and results to formulate the principles of
sectoral policies. regional demand for water recommendations for participation,
climate across various the integrated collaboration,
models, it |sectors, including management of water learning, and
does not |agriculture, resources inthe Sdo flexibility to
present hydropower, and Francisco River Basin. tackle the
specific ecosystem challenges of
climate services. climate change
maps. in water
management.

€0006 | p. 11
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address climate planning

(mathematical and
statistical models

quantitative
methodology

projections of
regional climate
change;

(2) Generation of
local climate data

[10] [10] The article does not focus [The study |It employs Not explicit - The [It uses quantitative [The study is The methodology Not explicit - While
on climate planning; it links climate |quantitative study does not  |methodologies like |centered on involves selecting climate  [the study
centers on the use of change methods to map focus on the Regional Climate quantitative scenarios, applying contributes to
climate models to support |projections |and project water relationship Models and analysis and does  |hydrological models, adaptive water

ater management, rather |to water resource scenarios between different |hydrological not include a evaluating model resource
than addressing broader |resource  |under different planning or simulations qualitative performance, and management by
aspects of climate manageme |climate conditions mapping methodology integrating findings into  |integrating climate
planning. nt using methods. component. ater management. projections, it does
scientific not directly
models. address
governance
structures.

[11] [11] The study explores the The study is [The article does Climate change |Observed data and |(1) Selection of The adaptive governance |Integrated
adaptive capacity of water |based on  |not specify directly affects  |modeling are used to|climate projections |model is used management of
resources in the Pacific climate detailed ater availability, |assess adaptive (2) Application of ater resources in
Northwest (PNW) region in |projections |geographical snow capacity hydrological and tropical Andean
in response to the impacts |and mapping but accumulation, statistical models ; regions is
of climate change. observed  [focuses on and river flow. (3) Participatory addressed.

The PNW faces significant |data from |analyzing climate Adaptive capacity interviews and
challenges due to the PNW  |impacts on water of water orkshops; (4)
projected changes in region. resources. resources is Analysis and
temperature and seasonal [Information related to existing recommendations
precipitation. about water infrastructure and for adaptive

resources, governance. management.

infrastructur,

e, and

manageme

nt agencies

as
considered.
[12] [13] The article does not es Quantitative No It does not use (1) Combination of |No The EUA region in

sequences; scenarios and
(3) use in ariability.
integrated water

management

California. The
current plan is
analyzed in terms
of the effects of
different climate

€0006 | p. 12
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models;
4) Comparison of
results under

different
scenarios.

[13] [18] Climate planning is not The study |Quant. (statistical The study (1) Collection of No The methodology includes|Not directly
directly addressed; the basesits  [tests spatial and explores the precipitation data collecting and analyzing  |discussed in
study focuses on analyzing [analysis on [temporal variability: relationship from 71 stations; (2) rainfall data using the relation to adaptive
rainfall trends in Syria. historical  |in rainfall is between climate |Application of Mann- Mann-Kendall test to governance

rainfall data |mapped and change and Kendall and Pettitt identify trends and assess [strategies for water

and analyzed across rainfall patterns. [tests; (3) Use of a ariability. resource

examines  |Syria. generalized linear management.

the model and F-test; (4) (Syria, semi-arid).

implications Principal component But includes

for water analysis to assess analysis of rainfall

resource ariability. trends and

manageme ariability and

nt. suggestions for
adaptation
measures.

[14] [21] The study examines how it links Not directly - It It explores the  |Not directly - While  |It utilizes qualitative[The methodology involves |it emphasizes the
climate change influences |climate does not focus on relationships the study is data from semi-structured interviews |need for adaptive

ater management change to  |geographical between different|methodologically interviews to ith key water governance in

planning in the Wasatch ater mapping but uncertainties, rigorous, it relies understand water |management stakeholders jwater

Range Metropolitan Area, |security and|rather on mapping risks, and water  |more on qualitative |management to understand decision-  |management,

Utah, USA. resources, |strategies and management interviews and case |challenges and making processes in the  |highlighting
focusing on |decision-making strategies. study analysis rather |perspectives. context of uncertainties  |collaborative,
adaptation |processes in water than quantitative and climate change. flexible
and risk management. methods. approaches to
manageme handle
nt in water uncertainties and
planning risks associated

ith climate
change.

€0006 | p. 13
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assesses the predictability
of extreme events like
droughts and water
scarcity.

future water
storage in the
system.

other relevant
factors

[15] [22] The article provides a the analysis |While the It explores the  |Quantitative The qualitative The methodology involves [The implications of]
detailed analysis of the is based on |document does relationship methodologies aspect is not an integrated approach  |its findings suggest:
impacts of climate change |historical  |not detail a between climatic finclude stochastic  [explicitly detailed  |combining climate the need for
on the water resource climate data|geographic ariables (like the |modeling of rainfall, |in the projections, hydrological  [adaptive
system in Yorkshire, and climate |mapping process North Atlantic RRV (reliability, methodological modeling, and water management
considering various climate|change per se, it does Oscillation) and  |resilience, discussion. resource system analysis |strategies in water
scenarios and their effects |projections, |incorporate spatial their impact on ulnerability) to assess the impacts of  |resource planning
on the system's reliability, |particularly |analysis by rainfall and water [analysis, and the use climate change and to address the
resilience, and focusing on |considering resources, of climate change ariability on water challenges posed

ulnerability. This involves  [the different establishing a scenarios to project resource reliability, by climate change
modeling future climate  |UKCIP98  |subregions within clear link betweenlfuture impacts on resilience, and and variability
scenarios and their and orkshire and their climate change ater resources. ulnerability.
potential impacts on water [UKCIPO2  |specific climate and water
resources to support scenarios, |and water resource system
climate planning. to model |resource data. performance.
the impacts
on the
orkshire
ater
resource
system.

[16] [23] The study focuses on It relates  |itinvolves a model The study No It explores The study focuses on Decision-making
integrating Pan-European |climate chain and assesses the subjective aspects, |integrating Pan-European |related to climate
data into local-scale change to |correction effect of climate opinions, and data into local-scale change impact
decision-making for water |water processes. change on water qualitative decision-making for water [assessment
resources management. |security and|Key outcomes resources descriptions. resources management. |depends on partial
Climate change and its ater include impacts on systems. It involves It considers climate decisions made
impacts are considered to |resources  [future natural Changes include participatory change impacts, such as  [during the
guide planning and inflows, a drought shifts in climate interviews and droughts and water methodological
management. risk indicator, and patterns, water orkshops with scarcity, to guide planning |processes.
Specifically, the study a simulation of availability, and stakeholders. and management. The developed

The proposed
methodology involves a
model chain and
correction processes.

tool can facilitate
decision-making in
future water
planning and

management.

€0006 | p. 14
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7] [32] No it relates It uses quantitative es No Four stages: 1. No It focuses on the
climate methodology Selection of states Niger River Basin,
change to in the Niger River Nigeria.

ater Basin; 2.
security and Application of
ater questionnaires to
resources 360 farmers; 3
interviews with 12
key informants;
4. Observations of
participants during
field visits.

[18] [35] No It relates  |Quantitative No No Three stages: 1. INo It focuses on the
climate Calibration and the Alto Sabor
change to alidation of the River Basin in

ater SWAT hydrological northeastern
security model; Portugal.
and water 2. Generati
resources on of future
climate data with
global models and
statistical
methods;
Application of the
SWAT model under
different climate
scenarios.
[19] [36] olume Removed - olume olume Removed - olume Removed -Volume Removed - olume Removed |Volume Removed - olume Removed -
Publisher's Disclaimer Removed - |Publisher's Publisher's Publisher's - Publisher's Publisher's Disclaimer Publisher's
Publisher's |Disclaimer Disclaimer Disclaimer Disclaimer Disclaimer
Disclaimer
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The analyzed articles clearly highlight the link between climate change and water
security, as more frequent and severe droughts are affecting regions around the
globe — including Brazil's northeastern region. Climate change also affects agriculture
and biodiversity, causing a reduction in agricultural production and increased species
migration. Adaptation strategies in water management, such as water reuse and
demand management, are essential for addressing these challenges. In this context,
the first three selected articles focus on climate planning.

The first article by Nyamwanza (2018) focuses on climate planning as a strategy to
improve water management, using climate information and tools to quantify
uncertainties. It provides an example of an alert system based on climate data. The
second article explores the use of climate information in different contexts, employing
technical and scientific approaches to present case studies. It focuses on the impact
of land and water use on water resources, rather than the direct climatic effects. This
approach illustrates the strategic use of climate data and simulation models in
environmental analysis, as demonstrated by the application of climate simulation
models (KOUTSOURIS et al, 2010).

The third article adopts a quantitative methodology, drawing on hydrological and
meteorological data, hydrological and climatic models, statistical analysis, and future
scenario projections. It focuses on the implications of global warming and land use for
water resource management (LOAICIGA, 2009). Among the remaining selected
articles, Groves et al. (2008) examine water resource management in California, USA,
in the context of climate change projections. These diverse methodologies enhance
the understanding of climate change and water resources.

On the topic of management, the article by Veldkamp et al. (2015) underscores the
direct impact of climate change on global water resources. It emphasizes the
importance of considering both hydro-climatic variability and socioeconomic changes
to understand the dynamics of water scarcity. Although not focused on specific
regions such as the Northeastern Brazil, the methodologies and findings presented
could be applicable for analyzing regional impacts, including potential changes in river
flows and temperature variations. Sharma et al. (2010) present monitoring data on
water resources in the region and identify significant trends, such as declining
reservoir levels. This evidence contributes to a deeper understanding of the impacts
of climate change in the region. It highlights the importance of long-term data for the
effective management of water resources, discussing how climate variability and
change influence water management strategies and the importance of integrating
climate information into decision-making processes for water resource management.
Bruss et al. (2019) identified global trends in terrestrial water storage by analyzing
various factors — climate variability, irrigation, and agricultural characteristics — that
influence changes in water storage, using data from the GRACE satellite mission.



Carvalho-Santos et al. (2017) investigate water availability and reservoir management
in Portugal, while Olanrewaju et al. (2019) focus on assessing the impact of climate
variability on water supply sources in Offa, Kwara State, Nigeria. Their study combines
primary and secondary data to analyze how changes in rainfall, temperature, and
evaporation affect water availability and access in the region, underscoring the
importance of adaptive strategies and sustainable water resource management in the
context of climatic variability.

The articles also highlight adaptation strategies. In this context, the role of
groundwater in ensuring water security is crucial, especially in regions impacted by
climate change, such as northeastern Brazil. About 10% of the analyzed articles
emphasize the importance of sustainable groundwater management, highlighting its
role as a crucial reserve during droughts and its potential to supplement surface
water supplies during times of scarcity. Therefore, incorporating groundwater
considerations into adaptation strategies and water planning is essential for effective
management that anticipates and mitigates the adverse impacts of climate change,
ensuring the resilience and sustainability of water resources. In this context,
application of the methodologies discussed further underscores the critical role of
groundwater (TAYLOR et al,, 2013)

As the largest distributed reservoir of freshwater in the world, groundwater is
essential for sustaining ecosystems and supporting human adaptation to climate
variability and change. Its strategic importance for global water and food security is
expected to grow under climate change, as more frequent and intense climate
extremes — such as droughts and floods — increase variability in precipitation, soil
moisture, and surface water availability. In this context, understanding the impacts of
climate change on groundwater is essential. Recent research has examined these
impacts by considering both natural processes and human-induced factors, as well as
feedback loops involving groundwater within the climate system. However, the lack of
groundwater observations limits our understanding of the dynamic relationship
between groundwater and climate. Article Reference [08] presents concrete case
studies that have applied successful adaptation strategies in the region, such as
demand management and the efficient use of water resources, including the example
of a pilot seawater desalination project.

Bruss et al. (2019) identify two specific adaptation strategies based on future climate
scenarios and the specific needs of the Wasatch Range Metropolitan Area in northern
Utah, USA. These strategies are crucial for planning mitigation measures and
sustainable actions for water resources management in this and similar regions.
Although Buytaert et al. (2010) do not directly address adaptive governance, they
develop methodologies to integrate uncertain climate change projections into
regional water management planning. This exploration focuses on developing water
management models that integrate a wide range of plausible future climate scenarios,



thereby supporting informed decision-making in water management amidst climatic
uncertainties.

Zelenakova et al. (2022) analyze the impact of climate change on rainfall patterns in
Syria, examining the spatial and temporal variability of rainfall trends. The study uses
Mann-Kendall statistical tests to analyze rainfall data across the country, identifying
mostly decreasing trends. It provides insights into how these trends could affect water
resource management in Syria, especially in the context of climate change predictions
for the region.

Burnham et al. (2016) address the complexity of decision-making in water resource
management amid multiple uncertainties, underscoring the need for institutional and
collaborative adaptations among various water management stakeholders. This
approach highlights the essence of adaptive governance, interpreted here as a
collaborative process that involves continuous adjustments and learning in response
to social, economic, political, and biophysical dynamics. Such adaptability is crucial for
navigating climatic and social uncertainties and achieving long-term water
sustainability.

Fowler et al. (2003) model the impacts of climate change and variability on the
reliability, resilience, and vulnerability of a water resource system. The study uses a
quantitative methodology integrating climatic, hydrological, and economic models to
examine the linkage between climate change and water security, underscoring how
climate projections influence water management strategies. When applying the
findings of these studies, it is crucial to consider the specific conditions of Brazil's
Northeast region, including its geographical and climatic variability — such as
differences between coastal and inland areas. Equally important is the involvement of
local communities in adaptation strategies in the region. One example is the
implementation of environmental education programs aimed at riverside
communities.

In this context, Taufik et al. (2022) underscores the importance of integrating
quantitative models and climate change projections into water resource management.
The study’s methodology and findings offer a valuable framework for implementing
adaptation strategies in similar agricultural settings. Specifically, the study employs the
SWAT hydrological model and the LINDO optimization model to project water
allocation needs under future climatic scenarios in the Poncokusumo area of
Indonesia. This approach demonstrates how theoretical models can inform practical
water management strategies, including the development of systems like flood
warnings, as mentioned in other contexts. The multifaceted impacts of climate change
on water resources highlight the need for a comprehensive understanding and
strategic approach to water management, as reflected in recent scholarly
contributions.



Santikayasa et al. (2017) investigate the integrated management of surface and
groundwater, proposing a holistic approach that recognizes groundwater as an
essential — yet often overlooked — component of water resource strategies in the
face of climate variability. Further expanding the geographical scope, Tramberend et
al. (2021) provide an insightful analysis of future water scenarios in the Lake Victoria
Basin. Their study projects the impacts of climate change on water availability and
emphasizes the need for robust planning to mitigate risks associated with climate-
induced fluctuations in water supply. The regional focus aligns with Suarez-Almifiana
et al. (2017), who explore the integration of pan-European climate data into local
water management practices, highlighting the importance of adaptive strategies and
drought risk assessments in ensuring water resilience.

Despite these valuable insights, this systematic review faced several limitations. First,
the reliance on bibliometric data may have excluded relevant grey literature or
unpublished case studies that offer important regional perspectives, particularly in the
Brazilian semi-arid context. Additionally, while the use of machine learning and active
learning (ASReview) improved the efficiency of article selection, it also introduced
potential biases related to algorithmic ranking and feature extraction.

Furthermore, the heterogeneity of methodologies across the reviewed studies made
direct comparisons challenging, underscoring the need for standardized frameworks
to assess the impacts of climate change on water management. Finally, the limited
availability of longitudinal and high-resolution data on groundwater dynamics remains
a significant obstacle to advancing research in this area.

The systematic review of the articles reveals a global trend toward recognizing the
interaction between climate change and water resources. The studies analyzed
provide evidence that water resources management must evolve to adopt an
adaptive, sustainable, and collaborative approach — one that integrates quantitative
and qualitative data while promoting effective governance. Climate change affects
agriculture and biodiversity, leading to reduced agricultural production and increased
species migration. Adaptation strategies in water management, such as water reuse
and demand management, are crucial to addressing these challenges. The review
emphasizes the critical importance of integrating climate data and projections into
water management and planning to develop effective adaptation and mitigation
strategies, thereby ensuring the sustainability and resilience of water systems in the
face of climate change.

Quantitative and qualitative methods complement each other in shaping a more
effective climate policy that influences public planning at both city and national levels.
Adaptive governance offers a tangible pathway for promoting adaptation and
balancing societal interests within institutional policymaking. The literature highlights a



complex, multifaceted process that relies on the coordinated actions of institutions. In
this context, this article contributes to the understanding and formulation of policies
focused on climate adaptation, with water security as the central pillar.

Revised by Karin Blikstad
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