frontiers
- in Water

") Check for updates

OPEN ACCESS

EDITED BY
Reza Kerachian,
University of Tehran, Iran

REVIEWED BY

Ignasi Rodriguez-Roda,
University of Girona, Spain

Tiago Verdelhos,

School University Vasco da Gama,
Portugal

*CORRESPONDENCE
Pedro Mauricio Acosta-Castellanos
pedro.acosta@usantoto.edu.co

RECEIVED 12 December 2025
REVISED 25 February 2026
ACCEPTED 27 February 2026
PUBLISHED 25 March 2026

CITATION
Acosta-Castellanos PM, Leodn K,
Guerrero-Sierra HF and
Acosta-Castellanos L (2026) Protection
and restoration of water-related
ecosystems under SDG 6.6: a global
systematic review.

Front. Water 8:1766735.

doi: 10.3389/frwa.2026.1766735

COPYRIGHT

© 2026 Acosta-Castellanos, Leon,
Guerrero-Sierra and Acosta-Castellanos.
This is an open-access article distributed
under the terms of the Creative
Commons Attribution License (CC BY).
The use, distribution or reproduction in
other forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which does
not comply with these terms.

Frontiers in Water

TYPE Systematic Review
PUBLISHED 25 March 2026
pol 10.3389/frwa.2026.1766735

Protection and restoration of
water-related ecosystems under
SDG 6.6: a global systematic
review

Pedro Mauricio Acosta-Castellanos’*, Karen Ledn?,
Hugo Fernando Guerrero-Sierra®?® and Libia Acosta-Castellanos*

ICivil Engineering Faculty, Universidad Santo Tomas, Tunja, Colombia, 2Faculty of International
Relations, Strategy and Security, Universidad Militar Nueva Granada, Cajica, Colombia, 3Legal and
Socio-Legal Research Group, Universidad Santo Tomas, Tunja, Colombia, *Global International Studies
(Glistudies), Vancouver, BC, Canada

Introduction: The conservation and restoration of water-related ecosystems are
central to achieving Sustainable Development Goal 6 (SDG 6), particularly Target 6.6.
Despite the growing body of research on water resource management, the extent to
which conservation strategies are being studied, implemented, and aligned with SDG
6.6 remains insufficiently synthesized. This study aims to systematically review the pro-
tection methodologies applied to conserve and restore water-related ecosystems and
to identify research trends, policy approaches, and existing knowledge gaps.
Methods: A systematic review was conducted following the PRISMA framework.
A total of 75 articles were initially retrieved from the Web of Science, Scopus, and
ScienceDirect databases. After applying inclusion and exclusion criteria, 40 peer-
reviewed studies were selected for detailed analysis. The selected literature was
examined through a structured comparative synthesis focusing on ecosystem
types, conservation strategies, governance and policy instruments, and the use
of technologies and monitoring tools.

Results: The results show that conservation efforts are unevenly distributed across
ecosystem types, with forests and wetlands receiving the greatest research attention,
while aquifers and river systems remain significantly underrepresented. Commonly
reported strategies include watershed reforestation, wetland restoration, environ-
mental education initiatives, and remote monitoring technologies. However, many
studies show limited alignment with specific SDG 6 targets and frequently lack
detailed water quality assessment and monitoring indicators.

Discussion: The review reveals persistent structural challenges affecting the imple-
mentation of conservation strategies, including governance limitations, insufficient
funding, technological gaps, and global inequalities influencing water resource
management outcomes. These findings highlight the need to strengthen integrated
planning, improve monitoring systems, and promote more balanced research atten-
tion across all water-related ecosystems. This study synthesizes current conserva-
tion approaches within the SDG 6.6 framework and identifies key knowledge gaps
that can inform future research, policy development, and decision-making in water
resource management.
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1 Introduction

Sustainable water management and ecosystem conservation are
critical for achieving the Sustainable Development Goals (SDGs) and
fostering equitable, global development. A wide range of research
explores the intricate connections between these elements across
diverse contexts, highlighting their mutual dependence. Sustainable
development extends beyond policies and statistics. It embraces a pro-
foundly human vision that seeks to reduce inequalities and promote
a fair distribution of development’s benefits. This means ensuring that
the most vulnerable populations have access to equitable opportuni-
ties and that progress is not confined to a privileged few. Innovation,
collaboration, and a fundamental shift in consumption and produc-
tion patterns are essential for building a future where everyone can
thrive without jeopardizing our shared planet (Eyzaguirre et al., 2023).

The Millennium Development Goals (MDGs), established in
2000, represented a major global commitment to improving the lives
of the world’s most vulnerable people. With clear and ambitious tar-
gets, these goals focused on combating critical issues like extreme
poverty, limited access to education, and gender inequality, particu-
larly in countries in the Global South where these challenges were
most pronounced. While the MDGs initially prioritized social issues,
such as health improvements and a reduction in child mortality, they
also addressed crucial environmental concerns, including access to
clean drinking water and sanitation. One of the most notable targets
was MDG 7C, which aimed to ensure sustainable access to safe drink-
ing water and sanitation by 2015. While the original goal only included
drinking water, sanitation was later added in 2002, a recognition of its
critical role in overall health and well-being. Over the 15-year imple-
mentation period, the MDGs achieved significant progress: millions
more people, particularly in rural areas, gained access to clean water
and secure sanitation systems, which helped reduce diseases and sub-
stantially improve living conditions (Mujtaba et al., 2024).

At the end of the MDG period in 2015, there was a widespread
recognition that, despite significant achievements, the world needed
a more comprehensive agenda. This led to the creation of the
Sustainable Development Goals (SDGs), which broadened the focus
of the MDGs by fully integrating environmental and social challenges.
These new goals were designed to holistically address poverty, climate
change, and sustainability, ensuring balanced and fair development for
present and future generations (Wiegleb and Bruns, 2018).

In 2015, the UN General Assembly made a historic decision to
launch the 2030 Agenda, a universal plan consisting of 17 Sustainable
Development Goals (SDGs). These goals are designed to tackle the
most pressing contemporary challenges, from ending poverty and
hunger to protecting the environment and fostering peaceful, equi-
table societies. The SDGs are not just abstract targets; they represent
a collective hope for a better future, emphasizing the profound inter-
connection between human well-being, the natural world, and eco-
nomic development (Aguayo Lopes da Silva et al., 2024; Dickens et al.,
2020; Grazule et al., 2022; Katila et al., 2020; Mujtaba et al., 2024;
Wiegant et al., 2024; Yang et al., 2023).

A core principle of the SDGs is their integrated approach, which
means progress in one area inevitably influences others. For example,
universal access to clean water, outlined in SDG 6, is fundamental to
combating poverty, safeguarding public health, and preserving eco-
systems. However, this goal faces significant obstacles, as many nations
still struggle to ensure access to clean water and adequate sanitation
for all their citizens (Aguayo Lopes da Silva et al., 2024; Dickens et al.,
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2020; Grazule et al., 2022; Katila et al., 2020; Mujtaba et al., 2024;
Wiegant et al., 2024; Yang et al., 2023).

SDG 6 from the United Nations aims to ensure that all people
have access to safe drinking water and sanitation, while promoting the
sustainable management of water resources. This goal is vital not only
for human health and well-being but also for the preservation of
water-dependent ecosystems. As such, SDG 6 is a cornerstone for the
success of most of the other SDGs, since without clean water and
adequate sanitation, progress in areas like health, education, and pov-
erty reduction is severely compromised (Grazule et al., 2022; Mujtaba
et al,, 2024). This global commitment is an integral part of the 2030
Agenda, an ambitious international strategy that places water at the
heart of sustainable development. The international community has
recognized the importance of water issues since the 1970s. In 1992,
the “Dublin Principles” further highlighted the need for an integrated
approach to managing the entire water cycle, including aspects like
quantity, quality, and the protection of aquatic ecosystems (Grazule et
al.,, 2022; Mujtaba et al., 2024).

In recent decades, a growing body of scientific research has
addressed water conservation, watershed management, ecological
restoration, and ecosystem services across different regions of the
world (Vorosmarty et al., 2018; Grazule et al., 2022; Dickens et al.,
2020). However, much of this research is fragmented across disci-
plines and geographical contexts, and it is not always explicitly
framed within the SDG perspective (Wiegleb and Bruns, 2018; Ait-
Kadji, 2016). As a result, the extent to which existing knowledge con-
tributes to understanding progress, priorities, and gaps related to
SDG 6 Target 6.6 remains insufficiently synthesized. This situation
may also lead to the underrepresentation of relevant scientific contri-
butions to water-related ecosystem conservation but do not explicitly
refer to the SDG framework (Dickens et al., 2020; Wiegant et al.,
2024). At the same time, the challenges associated with achieving
SDG 6.6 are not only scientific. The implementation of conservation
strategies is strongly influenced by governance structures, institu-
tional capacity, financial investment, technological development, and
education (Ait-Kadi, 2016; Vorosmarty et al., 2018; Katila et al,,
2020). In many regions—particularly in countries of the Global
South—limitations in infrastructure, monitoring systems, and long-
term environmental planning continue to constrain effective water
resource management (Grazule et al., 2022; Mujtaba et al., 2024).
These structural conditions are closely linked to global inequalities,
which shape both the production of scientific knowledge and the
capacity to implement conservation initiatives on the ground
(Eyzaguirre et al., 2023; Wiegant et al., 2024).

Another important dimension concerns the geographical distri-
bution of research. A significant portion of the literature is produced
by institutions located in the Global North, often focusing on ecosys-
tems situated in developing regions. This creates an asymmetry
between knowledge production and local implementation contexts,
which may influence the types of strategies proposed, the priorities
addressed, and the interpretation of conservation challenges (Wiegleb
and Bruns, 2018; Katila et al., 2020). Recognizing these differences is
essential for understanding how scientific knowledge contributes to
policy development and decision-making in water resource manage-
ment (Ait-Kadi, 2016; Vorosmarty et al., 2018).

Despite the large volume of studies related to water conservation
and ecosystem protection, there is still a lack of integrative syntheses
that identify which conservation strategies are most frequently imple-
mented, which ecosystems receive the greatest research attention, and
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where the main knowledge gaps persist. This is particularly relevant
for less visible systems such as aquifers and river networks, which play
a fundamental role in water security but often receive less attention in
applied conservation research and monitoring efforts (Dickens et al.,
2020; Hakimdavar et al., 2020). In this context, a systematic review
provides an opportunity to organize and synthesize the available sci-
entific evidence on conservation strategies for water-related ecosys-
tems, identify research trends, and highlight gaps that are relevant for
the management and protection of water resources (Liberati et al.,
2009; Moher et al., 2009).

Therefore, the main objective of this study is to systematically
review the protection and conservation methodologies applied to
water-related ecosystems within the framework of Sustainable
Development Goal 6, Target 6.6. Specifically, this research aims to: (i)
identify the main conservation strategies implemented across different
ecosystem types; (ii) examine the policy, governance, and manage-
ment dimensions associated with these strategies; and (iii) detect
knowledge gaps and research imbalances that may affect the effective
achievement of SDG 6.6.

By providing an integrated synthesis of existing research, this
study seeks to contribute to a better understanding of how current
scientific knowledge supports water resource management and to
identify priority areas for future research and policy action (Ait-Kadi,
2016; Vorosmarty et al., 2018; Wiegant et al., 2024).

2 Materials and methods

This study was conducted as a systematic review following the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) framework, which provides a structured and transparent
approach for identifying, selecting, and analyzing relevant scientific
literature (Moher et al., 2009; Liberati et al., 2009). The aim was to
synthesize existing research on conservation strategies for water-
related ecosystems within the context of SDG 6, Target 6.6, and to
identify trends, approaches, and knowledge gaps in the field.

The review considered scientific literature published between 1990
and 2024. This time frame was selected to capture the evolution of
research on water resource management and ecosystem conservation,
including both early studies prior to the MDGs and more recent
research developed within the SDG framework.

2.1 Research questions

The study was guided by a set of research questions structured
using the PICOC framework (Population, Intervention, Comparison,
Outcome, Context), which helped define the scope and focus of the
review (Cumpston et al., 2021).

The PICOC elements were defined as follows:

« Population: SDG 6 (Clean Water and Sanitation)

« Intervention: Target 6.6, focused on the protection and restoration
of water-related ecosystems, including forests, mountains, wet-
lands, rivers, aquifers, and lakes

o Comparison: Millennium Development Goal 7 (Ensure
Environmental Sustainability)

« Outcome: Research progress and conservation strategies related
to SDG 6 Target 6.6
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o Context: Scientific research on water-related ecosystem

conservation

Based on this framework, the following research questions (QR)
were established:

o QRI: What protection methodologies have been implemented to
conserve and restore water-related ecosystems such as forests,
mountains, wetlands, rivers, aquifers, and lakes since the emer-
gence of global sustainability agendas?

o QR2: What types of ecosystems and conservation strategies have
been applied for water conservation, biodiversity protection,
human well-being, and sustainable development?

o QR3: What types of research approaches, tools, and policy instru-
ments are used to support the protection of water-related
ecosystems?

These general questions were complemented by a set of specific
analytical criteria used to examine the selected studies and identify
patterns in conservation strategies, governance dimensions, and
research gaps.

2.2 Source identification and search
strategy

To identify relevant literature, a structured search strategy was
developed using selected keywords and Boolean operators across
major scientific databases.

In the second stage, after question formulation, two methods were
used: database searching and the use of Boolean operators. The data-
base search involved using keywords to identify and retrieve relevant
articles related to the research questions. The selected keywords were:
“Aquifers, Forests, Lakes, SDG 6, Clean Water and Sanitation,
Sustainable Development, Water” (Grant and Booth, 2009).

The Boolean operator approach was also used to combine search
terms to broaden or narrow the results. For example, using the key-
words “aquatic ecosystems” would return almost all articles related to
wastewater treatment, thus broadening the search. However, using
combined keywords like “forest” AND “sdg” OR “sdgs” OR “sustain-
able AND development” limits the search results by primarily return-
ing articles focused on sustainability.

Boolean operators were effective in limiting search results to spe-
cific terms consistent with the research topic, in this case, the aquatic
ecosystems of Target 6.6. These operators can also be used to limit the
databases or journals from which results should come. They played a
significant role in narrowing down search results based on specific
inclusion and exclusion criteria (Borenstein et al., 2021).

The search was conducted using three major scientific databases:

« Web of Science
« Scopus
« ScienceDirect

2.3 Inclusion and exclusion criteria

The selection of studies was carried out through a two-stage evalu-
ation process designed to ensure consistency and relevance in relation
to the objectives of the review. In the first stage, the abstracts of all
identified articles were examined to determine their suitability for
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inclusion. A study was considered potentially relevant when its
abstract clearly presented three essential elements: the background or
context of the research, the methodology applied, and the main results
or findings. This initial screening allowed the identification of studies
closely aligned with the conservation and management of water-
related ecosystems.

In the second stage, the full-text versions of the preselected articles
were assessed using predefined inclusion and exclusion criteria. Only
peer-reviewed scientific articles were considered, focusing on studies
related to MDG 7, SDG 6, or the conservation and management of
water-related ecosystems. Publications written in English or Spanish
were included, particularly those addressing conservation strategies,
ecosystem protection, environmental management approaches, or
policy-related dimensions associated with water resource
management.

Studies were excluded if they consisted of conference proceedings,
if their content was not directly related to water resource management
or ecosystem conservation, or if they did not align with the objectives
of the review. This filtering process ensured that the final selection was
composed of studies providing relevant and reliable scientific contri-
butions to the analysis of conservation methodologies within the
framework of SDG 6 Target 6.6.

2.4 Study selection process

The study selection process was conducted in accordance with
the PRISMA model to ensure transparency and traceability in the
identification, screening, and inclusion of relevant literature. A total
of 75 articles were initially retrieved from the three selected

10.3389/frwa.2026.1766735

databases: 27 from Web of Science, 24 from Scopus, and 24 from
ScienceDirect. Following the initial identification stage, the inclusion
and exclusion criteria were applied to remove studies that did not
meet the objectives of the review. This screening process involved
both abstract evaluation and full-text assessment, allowing for the
progressive refinement of the sample. As a result, 40 articles were
selected for detailed analysis.

The distribution of selected studies varied across databases. Web
of Science yielded the highest number of relevant publications, with
20 articles selected from the 27 initially identified. From Scopus, 11
articles were included out of the 24 retrieved, while ScienceDirect con-
tributed 9 selected studies from an initial pool of 24. This process
ensured that the final dataset was composed of peer-reviewed research
directly aligned with water-related ecosystem conservation and the
objectives of SDG 6 Target 6.6.

The overall selection procedure is illustrated in Figure 1, which
presents the PRISMA flow diagram detailing the stages of identifica-
tion, screening, eligibility, and final inclusion of the studies considered
in this systematic review.

2.5 Data extraction and analysis

Each of the selected articles was carefully reviewed to extract rel-
evant information related to the objectives of the study. The analysis
focused on identifying key aspects such as the type of ecosystem
addressed, the conservation strategies implemented, the policy and
governance dimensions involved, the research approaches and tools
used, and the reported impacts or outcomes associated with ecosys-
tem protection and management.

& Science Direct Scopus Web Of Science
o (n=24) (n=24) (n=27)
g ‘
Q
S
[ (=75 |——
I Included 100%
[o)] .
% DIFIEEE Potentially Science direct | 23
d TS > relevant (n=75
g (n=2) el (=) Web Of Science | 26
n
Excluded 3% L Included 97%
» Conference v A4 : '\s’lg((;; 67 :
8 minutes : : :
5 splerlen P Exclusion Inclusion | « Peer
= < o A » i
5 other MDGs criteria criteria . gx;evgﬁdiis
5 and SDGs e =g
5 and spanish
; (
Q
o > (n=40) < J
Excluded 47% Included 53%
FIGURE 1
PRISMA flow diagram illustrating the search and selection process.
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To support a structured and comparative synthesis of the litera-
ture, a qualitative relevance assessment was applied to each study. This
process allowed for the classification of articles according to their level
of contribution to the understanding of conservation strategies within
the framework of SDG 6 Target 6.6. Studies considered highly relevant
to the research objectives were assigned a value of 1.0, those with par-
tial relevance were assigned 0.5, and those with no direct relevance
were assigned 0.0.

This approach facilitated the prioritization of key contributions
and enabled a more organized interpretation of the evidence. By sys-
tematically categorizing the selected studies, it was possible to identify
dominant research trends, commonly applied conservation method-
ologies, governance-related dimensions, and existing knowledge gaps
associated with the protection and restoration of water-related
ecosystems.

3 Results

The results of the systematic review are presented in two main
sections. Section 3.1 describes the protection methodologies identified
across different types of water-related ecosystems, including forests,
wetlands, rivers, lakes, mountains, and aquifers. Section 3.2 provides
an integrated perspective on aquatic ecosystem conservation, focusing
on governance dimensions, policy approaches, research trends, and
the main gaps identified in the literature. This structure allows for a
comprehensive understanding of both the practical strategies imple-
mented and the broader management context associated with SDG 6
Target 6.6.

The relationship between watershed reforestation efforts and the
(MDGs)
Development Goals (SDGs) was a primary focus of this analysis. The

Millennium Development Goals and Sustainable
reviewed literature was first assessed to determine if reforestation suc-
cessfully achieves its core objectives of improving water quality and
reducing soil erosion. The results reveal a mixed outcome: 19 articles
indicate these objectives were not achieved, 11 report success, and 10
describe partial fulfillment. This indicates that while reforestation is a
widely implemented strategy, its effectiveness is limited and highly
contingent on local factors such as soil characteristics, vegetation type,
and climatic conditions.

Subsequently, the alignment of these studies with SDG 6
(Clean Water and Sanitation) was evaluated. This analysis enabled
the identification of the specific SDG 6 targets prioritized within
the literature. The majority of works (26%, or 16 articles) were
associated with Target 6.6 (protect and restore water-related eco-
systems). A significant portion (24%, or 15 articles) did not specify
a concrete target. Targets 6.3 (improve water quality) and 6.4
(increase water-use efficiency) were each addressed by 11% (7
articles), while Targets 6.1 (safe drinking water), 6.2 (sanitation
and hygiene), and 6.5 (implement integrated water resources man-
agement) were each covered by 8% (5 articles). Targets 6.a and 6.b
(international cooperation and community participation) were
only marginally represented, appearing in just 2% (1 article) of
the sample.

These findings demonstrate a strong thematic orientation toward
protecting and restoring aquatic ecosystems (Target 6.6), which is con-
sistent with the focus on watershed reforestation. However, the fact
that nearly a quarter of the articles failed to specify a target highlights
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a significant weakness in explicitly linking research to the SDG 6
framework.

The analysis also explored references to Millennium Development
Goal 7 (MDG 7), the direct precursor to SDG 6. Seven articles refer-
enced this goal, often to contextualize the evolution of international
water agendas. Several authors highlighted the conceptual transition
between the MDGs and SDGs, noting that while MDG 7 made sig-
nificant progress in access to drinking water, it fell short of its basic
sanitation target (Wiegleb and Bruns, 2018). Other scholars empha-
sized that the SDGs broadened the MDG agenda to address a wider
range of economic, social, and environmental challenges (Aguayo
Lopes da Silva et al., 2023; Mugagga and Nabaasa, 2016; Eyzaguirre et
al., 2023). Within this transition, SDG 6 is explicitly recognized as the
direct heir of MDG 7C, thereby consolidating the intrinsic connection
between water, sanitation, and sustainable development (Amezaga et
al, 2019; Ait-Kadi, 2016).

Together, these results illustrate how reforestation strategies, their
classification under SDG 6, and their historical roots in MDG 7 form
a coherent narrative. This narrative reflects both the continuity of
international development agendas and the persistent challenges in
achieving sustainable water and ecosystem management.

3.1 Protection methodologies for
water-related ecosystems

Regarding the strategies implemented for the sustainable manage-
ment of aquifers, it was determined that 87.5% of the articles do not
mention strategies related to aquifer protection. This suggests that
research focusing on these aquatic systems remains scarce. The few
strategies reported include educational campaigns for the protection
and recovery of recharge zones, each represented by one article,
accounting for 4% in total. Additionally, 10% of the articles (n = 4)
mention strategies such as progressive monitoring of groundwater
quality and quantity within aquifers (Hakimdavar et al., 2020), policy
support systems, financing plans, and disaster risk reduction (Mujtaba
et al,, 2024), stress event monitoring, laws regulating drilling in areas
with shallow aquifers, and the adoption of wastewater treatment tech-
niques for aquifer recharge (Dadebo et al., 2023).

With respect to the synergy between forest protection and water
resources, 59% of the articles did not report any strategy in this regard.
In contrast, 13 articles (32%) presented specific conservation or forest
protection strategies related to aquifer recharge zones or directly
linked to water resources, as shown in Table 1. Furthermore, 10% of
the articles highlighted strategies such as “sustainable forestry prac-

» «

tices,

» «

soil restoration,” “combating deforestation,” and the establish-
ment or strengthening of “protected areas”

Regarding wetlands, the articles were analyzed in relation to strat-
egies implemented for their protection and their importance for water
quality. It was found that 62% (31 articles) provided no information
on strategies for these ecosystems. In contrast, 14% of the articles
reported different strategies emphasizing the importance of wetlands
and successful protection practices, as shown in Table 2. General strat-
egies such as sustainable management and wetland restoration, imple-
mentation of public policies, and continuous monitoring were
identified in 24% of the articles.

In the analysis of the articles, the focus was on the specific chal-
lenges faced by lakes, particularly regarding their protection. The aim
was to identify the most evident obstacles to effective lake conserva-
tion. The analysis revealed that 36% of the studies reported various

frontiersin.org


https://doi.org/10.3389/frwa.2026.1766735
https://www.frontiersin.org/journals/Water
https://www.frontiersin.org

Acosta-Castellanos et al.

TABLE 1 Approaches to forest protection.

Main approach

Conservation and reforestation

Key contributions

Conservation as an ecological solution; reforestation of
agricultural lands and pastures; watershed afforestation;

restoration of degraded forests.

Vérosmarty et al. (2018), Ahmad et al. (1990), Wang
(2020), and Wiegant et al. (2024)

10.3389/frwa.2026.1766735

References

Ecosystem services and water regulation

Forests regulate freshwater flows, reduce flooding, conserve
soil, and improve air quality; critical role in water availability

and climate resilience.

Ma et al. (2022), Amezaga et al. (2019), Zaizhi and
Haishui (2004), and Wan Mabhari et al. (2020)

Climate change and sustainability

Forests as climate change mitigators and providers of key
ecosystem services for the SDGs; successful reforestation

cases (Korea).

Biswas et al. (2020) and Aguayo Lopes da Silva et al.
(2023)

Forest management and policies

Sustainable management plans; protection of areas through
use and tenure rights; joint forest management with local

communities (India).

Katila et al. (2020) and Dandabathula et al. (2021)

Innovation and forest economy

Large-scale monitoring maps; forests as an economic

resource (Myanmar); forest tourism and sustainable markets.

Biswas et al. (2020) and Ma et al. (2022)

Education and community participation

Government-supported planting programs; incentives for
women and schools in afforestation; cooperation from local

communities.

Ahmad et al. (1990) and Dandabathula et al. (2021)

Ecological protection and restoration

Conservation and restoration projects; mountain protection

plans; forest-water-food-energy nexus.

Yang et al. (2023) and Zhang et al. (2022)

TABLE 2 Wetland protection strategies.

Main approach

Restoration and conservation

Key contributions

Wetland restoration; elimination of human pollution;
conservation and management standards; expansion of Ramsar

Sites; adaptive management frameworks.

References

Vorosmarty et al. (2018) and Dandabathula et al.
(2021)

Water and ecosystem services

Maintaining water flows and quality; agricultural land
reforestation; replacement of exotic tree plantations with native

species; protection of mangrove ecosystem services.

Amezaga et al. (2019) and Eyzaguirre et al. (2023)

Monitoring and observation systems

Global Wetland Observation System (GWOS); Satellite-based
Wetland Observation Service (SWOS); Landsat and Sentinel data

mapping; GEO-Wetlands initiative for global coordination.

Vorosmarty et al. (2018) and Hakimdavar et al.
(2020)

Sustainability indicators and policy tools

Environmental Performance Index (EPI), Human Development
Index (HDI), and SDG Index (SDGI) as drivers for wetland

conservation and policy actions.

Kundu et al. (2024)

Community a.nd governance

Local community involvement in decision-making; addressing
corruption risks in REDD+ restoration contracts; adaptive

governance frameworks.

Dandabathula et al. (2021) and Eyzaguirre et al.
(2023)

Education, tourism, and awareness

Sustainable tourism through education and creative economy;
Ocean Literacy programs building science around marine-coastal

ecosystems (e.g., mangroves).

Eyzaguirre et al. (2023)

problems or challenges, which are summarized in Table 3. To provide
a broader perspective, nine categories were created to classify these
issues, linking them to major environmental problems such as pollu-
tion, anthropogenic pressure, and the regulation or enforcement
of laws.

The analysis of protection methodologies applicable to improve
river water quality, based on the reviewed articles, revealed that the
vast majority (82.5%) did not mention specific methodologies for
these ecosystems. In contrast, the remaining articles proposed
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initiatives such as creating green spaces along rivers; tools for compa-
nies to raise awareness and understanding of water risks (Vorosmarty
et al,, 2018); introducing protective forest strips in riparian zones
(Amezaga et al., 2019); United Nations environmental monitoring
methodologies mapped with available data, and progressive monitor-
ing of water quantity or discharge (Hakimdavar et al., 2020); as well as
water quality plans and frameworks, along with extraction and dis-
charge permit controls (Zaneti et al., 2023). Monitoring strategies and
the construction of barriers and dams were each selected twice, while

frontiersin.org


https://doi.org/10.3389/frwa.2026.1766735
https://www.frontiersin.org/journals/Water
https://www.frontiersin.org

Acosta-Castellanos et al.

TABLE 3 Challenges to lake protection.

10.3389/frwa.2026.1766735

Specific challenge Category Mentions (%)
Presence of cyanotoxins produced by algae in Lake Erie Pollution 18.2%
Migratory species/birds Anthropogenic pressure 18.2%
Unregulated agriculture, deforestation, illegal discharges Anthropogenic pressure 9.1%
Lake Guaiba requires advanced treatment Anthropogenic pressure 9.1%
Lack of a strong monitoring plan and no charges for water use Regulation 9.1%
Indiscriminate fishing Regulation 9.1%
Water conservation periods Regulation 9.1%
Increasing eutrophication of lakes Pollution 9.1%
Enforcement of Article 51A of the Indian Constitution Regulation 9.1%

riparian zone restoration and citizen science appeared once. The con-
trol of invasive species was not selected at all.

As for sustainable practices contributing to the conservation of
mountain water resources, the results showed that the option “Not
applicable” was the most frequent, with 31 mentions (69%). The
second most relevant category was “Other” practices, with five men-
tions (11%), including: the role of cloud forests in intercepting fog and
cloud droplets to increase annual water yields; UNESCO’s Man and
the Biosphere Programme, focused on the impact of human activities
on mountain and tundra ecosystems for their management and sus-
tainable development; and measures such as converting farmland back
to forest to improve the ecological environment, transferring labor to
reduce demographic pressure, and controlling population growth.
“Watershed protection” and “reforestation” each received three men-
tions (9.7%). “Integrated watershed management” obtained two men-
tions (6.4%), and “restoration of mountain wetlands” was mentioned
once (3.2%).

3.2 Integrated perspectives on aquatic
ecosystem conservation: sustainability,
governance, and socioeconomic
development

Beyond the identification of specific conservation methodologies,
the reviewed literature also reveals broader governance, policy, and
institutional dimensions that influence the implementation of ecosys-
tem protection strategies across different regions.

Another axis of the research focused on the strategies imple-
mented in different types of aquatic ecosystems, aimed at promoting
the conservation of water, biodiversity, human well-being, and sus-
tainable development. In this context, the most frequently applied
conservation criteria in the reviewed articles were sustainability
(20.90%), ecosystem services (11.94%), water quality (10.45%), biodi-
versity (7.46%), ecological balance, and other complementary criteria
grouped in Table 4.

Overall, the contributions derived from the remaining criteria
(46.27%) reveal an evolution in academic discussions toward inte-
grated approaches, where social, economic, environmental, and gov-
ernance dimensions converge. For instance, Ait-Kadi (2016) and
Wang et al. (2024) highlight the importance of linking economic
development with social well-being and ecological sustainability, pro-
posing that socioeconomic progress can only be considered legitimate
when accompanied by environmental balance.
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Within this perspective, the field of governance and decision-
making emerges as a key dimension. Vorésmarty et al. (2018) stress
the relevance of monitoring networks, ecosystem valuation, and tech-
nical capacity building as essential foundations for effective decision-
making. Along the same lines, Wiegleb and Bruns (2018) argue that
SDG 6 represents an opportunity to redirect global water governance
toward water security scenarios, which requires acknowledging the
critical role of institutions and international cooperation in
sustainability.

At the same time, forest ecosystems are highlighted in the litera-
ture as central actors in water regulation and climate change mitiga-
tion. Ma et al. (2022) emphasizes their role in water purification, while
Aguayo Lopes da Silva et al. (2023, 2024) argue that the forestry sector
contributes not only to emission reduction and the strengthening of
carbon sinks, but also to the consolidation of sustainability strategies.
These perspectives converge in recognizing the multifunctional role
of forests, essential for sustaining ecosystem services and advancing
sustainable development.

Complementarily, several studies focus on strategic ecosystems
such as mangroves and wetlands. Hakimdavar et al. (2020) and
Eyzaguirre et al. (2023) emphasize that, due to their high productivity,
these ecosystems provide essential services to local communities,
underscoring the need for collaborative management models that
ensure community participation. Kundu et al. (2024) expand this view
by highlighting the central role of wetlands in achieving multiple
SDGs, as they deliver ecological, social, and cultural benefits. These
findings suggest that the sustainable management of wetlands and
mangroves constitutes a direct bridge between ecological conservation
and human well-being.

Some authors examine the challenges to sustainability posed by
anthropogenic pressures and global dynamics. Zhang et al. (2022)
warn that hydropower projects may significantly disrupt aquatic eco-
systems and biodiversity. Similarly, Huang et al. (2023) analyze the
impacts of urban expansion, pollution, and habitat loss, proposing the
creation of cross-sectoral synergies to counteract these effects. In the
same direction, Wiegant et al. (2024) draw attention to the lack of
environmental criteria in reporting processes, which hinders accurate
monitoring of progress toward sustainability.

Furthermore, the study quantified the types of ecosystems in
which protection methodologies have been applied to safeguard
aquatic ecosystems in line with SDG 6, Target 6.6. The review was
designed to identify articles that reported one or more methodologies
implemented within one or two ecosystems.
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TABLE 4 Main approaches and criteria proposed by the literature for sustainable development and ecosystem conservation.

Thematic axis Main criteria

Socioeconomic dimension « Socioeconomic development and social impact

« Social well-being and environmental balance

environmental resources)

« Social environment and economic factors

« Sustainable economic growth (natural, economic, social, and

References

Ait-Kadi (2016), Wang et al. (2024), Grazule et al. (2022), and
Frone and Frone (2021)

Governance and policies + Measurement, valuation, and decision-making

« Global water governance and SDG 6
« Lack of compliance in environmental reporting

« Environmental and sustainability strategies

+ Monitoring networks and technical capacity building

Vorosmarty et al. (2018), Wiegleb and Bruns (2018), Wiegant et al.
(2024), and Aguayo Lopes da Silva et al. (2024)

o Forests as water purifiers

« Continuous flow of ecosystem services

Forest ecosystems o Sustainable forestry and rational forest management

« Emission reduction and strengthening of carbon sinks

Ma et al. (2022) and Aguayo Lopes da Silva et al. (2023)

wetlands recreation)

« Role of wetlands in achieving SDGs

» Community participation in management

Aquatic ecosystems and « Multiple ecosystem services (water, carbon, biodiversity,

« Conservation and sustainable management of mangroves

Hakimdavar et al. (2020), Kundu et al. (2024), and Eyzaguirre et al.
(2023)

« Indicators for natural resource protection

Environmental and « Precipitation, ecological flows, and technological advances

technological factors « Climate, disturbances, anthropogenic pressures, and topography

« Sustainability challenges: pollution, urbanization, habitat loss

Ge and Wang (2024), Randin et al. (2020), Dickens et al. (2020),
and Huang et al. (2023)

Infrastructure impacts « Hydropower construction and alteration of aquatic ecosystems

Zhang et al. (2022)

Another relevant aspect identified in the review concerns the
policies implemented for the protection of aquatic ecosystems.
As shown in Table 5, the category with the highest number of
documented examples was integrated water management, fol-
lowed by biodiversity and ecosystem services policies, interna-
tional collaboration, governance and regulations, and
international programs, each with three records. In contrast, the
categories of national sustainability plans and global perspectives
and studies included two and three examples, respectively, while
monitoring and data was the least represented, with only one
case. Table 5 also provides details on specific policies, case stud-
ies, and international agreements that were not included among
the main analytical categories, thereby highlighting the diversity
of approaches employed across different contexts to ensure the
sustainable management of water resources and the conservation
of ecosystems.

The analysis of the social and economic impacts of protection
methodologies applied in aquatic ecosystems indicates that the
majority of studies (60%, n = 24) reported a moderate impact,
characterized by visible improvements in management and con-
servation, although accompanied by persistent challenges that
limit their overall effectiveness. In contrast, only 2.5% (n = 1) of
the articles documented a clearly positive impact, with significant
improvements in both social conditions and economic benefits,
while 5% (n = 2) reported negative impacts associated with dete-
riorating living conditions or adverse economic effects. Finally,

32.5% (n = 13) did not explicitly assess these dimensions, mainly
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due to limited data availability or the absence of dedicated analy-
ses addressing social and economic outcomes.

Regarding water quality assessment, there is limited consideration
of physicochemical parameters. Seventy-nine percent of the articles
do not mention specific indicators, and only a small group refer to
variables such as pH, turbidity, apparent color, coliforms, conductivity,
and other advanced parameters (e.g., dissolved oxygen, nutrients, sus-
pended solids, and ecological flow).

Regarding the methods employed to analyze the chemical and
biological composition of water for pollutant detection, the vast
majority of studies (85%) indicated that such evaluation was not appli-
cable. Only 10% incorporated water quality monitoring techniques,
while laboratory tests and field measurements were reported only
marginally.

In terms of technologies and tools applied for the protection and
restoration of aquatic ecosystems, the category “Non-Specific
Technologies and Tools for Protection and Restoration” that shows in
Table 6, was the most prevalent (44%), followed by “not applicable”
(29%). Sensor- and remote monitoring-based tools (11%) and model-
ing and simulation (10%) were also reported, though to a lesser extent.
The use of green technologies was scarce (4%), and no applications of
biotechnology were identified.

These findings highlight significant methodological gaps in the
recent literature, underscoring the need to strengthen the technical
and multidimensional rigor of research, particularly within the frame-
work of SDG 6, Target 6.6, which is aimed at protecting and restoring
water-related ecosystems.
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TABLE 5 Policies implemented for the protection of aquatic ecosystems.

Policy category

Integrated water management

Examples

Integrated water management strategies; 14 of 108
countries set IWRM targets; national cooperation in

research; public interest in Rio + 20 consultations

10.3389/frwa.2026.1766735

References

Ait-Kadi (2016), Vorosmarty et al. (2018), and Ma et al. (2022)

Biodiversity and Ecosystem services

Biodiversity policies; REDD+ action plans; national

biodiversity strategies; forest and wetland conservation

Biswas et al. (2020), Zaizhi and Haishui (2004), and Yang et al.
(2023)

International collaboration

UNFCCC; UN-GEMI Initiative; Ramsar Convention;

UN-REDD Programme; EU agreements (Romania)

Wiegleb and Bruns (2018), Frone and Frone (2021), and

Eyzaguirre et al. (2023)

Governance and regulations

Resolution 91/2008 of CNRH (Brazil); Constitution of
India; economic development policies aligned with

Agenda 2030

Zaneti et al. (2023), Dandabathula et al. (2021), and Wiegant
etal. (2024)

National sustainability plans

Myanmar Sustainable Development Plan (MSDP);
National Forest Master Plan; Guangdong-Hong Kong-
Macao Greater Bay Plan

Biswas et al. (2020) and Huang et al. (2023)

International programs

Natural Forest Conservation Program (NFCP, China);
UN-REDD Programme; UNEP initiatives

Wan Mabhari et al. (2020) and Hakimdavar et al. (2020)

Monitoring and data

Global Water Data Initiative; OECD governance and

financing of water infrastructure

Amezaga et al. (2019)

Global perspectives and studies

Global reports; Global Reporting Initiative (GRI);
forest-water nexus studies; environmental impact

assessment in the Himalayas

Aguayo Lopes da Silva et al. (2023) and Rawat and Rai (1990)

TABLE 6 Classification of non-specific technologies and tools for protection and restoration.

Tool category

I. Remote sensing and observation platforms

References

Specific examples of tools and data

Landsat, MODIS, Sentinel, Global Mangrove Watch
(GMW), Google Earth Engine (GEE), Earth
Observations (EOs)

Biswas et al. (2020), Hakimdavar et al. (2020), Aguayo
Lopes da Silva et al. (2023), and Eyzaguirre et al. (2023)

II. Geographic information systems (GIS) &

software

Q-GIS, ArcView GIS, Google Earth, Python 3.6

Aguayo Lopes da Silva et al. (2023) and Dadebo et al.
(2023)

III. Modeling and simulation

EPANET, System Dynamics Models (population,
agriculture), Remote Sensing Models, Driver-

Pressure-State-Impact-Response (DPSIR) Model

Peng et al. (2013), Huang et al. (2023), Dadebo et al.
(2023), and Randin et al. (2020)

IV. Machine learning (ML) and statistics

Random Forest (RF) algorithm, Artificial Neural
Network (ANN), Support Vector Machine (SVM),
Discriminant analysis, Logistic regression, Pearson

method, Panel Vector Autoregressive Model (PVAR)

Biswas et al. (2020), Shen et al. (2020), Zhang et al. (2022),
and Kundu et al. (2024)

V. Specific monitoring and in situ tools

Secchi depth (Zsd) low-cost clarity measure,
Environmental detection systems, WHO/UNICEF

Joint Monitoring Programme

Amezaga et al. (2019) and Shen et al. (2020)

VI. Development and restoration practices

Low Impact Development (LID) technologies,

Vorosmarty et al. (2018) and Samal et al. (2003)

trench/house

Composting, Vermiculture, Biofertilizer, Poly-pit/

4 Discussion

The United Nations (UN) 2030 Agenda for Sustainable Development
places water management as a central pillar for global development (Ait-
Kadi, 2016). It is not an isolated goal, but rather the foundation upon
which public health, food security, and economic stability are con-
structed. As Frone and Frone (2021) assert, the rational management of
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water resources is a prerequisite for sustainable development. The avail-
ability of renewable and reliable water is the key to human water security
(Vorosmarty et al., 2018), an existential challenge in a context where
scarcity already affects over 40% of the world’s population (Amezaga et
al,, 2019). The water stress indicator—which (Liu, 2021) defines as “the
ratio between total freshwater withdrawal by all major sectors and total
renewable freshwater resources”—is not merely an environmental
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metric; it is a direct indicator of social vulnerability, positively linked with
poverty in developing countries (Liu, 2021).

The results, extracted from 40 selected articles, reveal a complex and
fragmented landscape. Progress toward Target 6.6 is non-uniform; it is
characterized by profound knowledge gaps, thematic imbalances, and a
chronic disconnect between policy and practice. The discussion of these
findings is articulated along four critical axes: (1) the marked imbalance
in research focus among the ecosystems of Target 6.6; (2) the ambiguity
surrounding the effectiveness of strategies and the weak linkage with the
SDG framework; (3) the persistent gap between the discourse of inte-
grated policies and their tangible implementation; and (4) the systemic
interconnectedness of the SDGs and the risk of trade-offs.

The most compelling finding of this review is the extreme disparity
in scientific attention. Forests emerge as undisputed protagonists (26.8%
of articles), which is consistent with global literature recognizing the fun-
damental forest-water symbiosis. Forest ecosystems can conserve water,
a function directly related to SDG 6 (Ma et al., 2022). The high research
productivity of countries such as the United States, China, Germany
(along with the UK, Australia, Austria, Italy, the Netherlands,
Switzerland, and Sweden) in this area is vital (Ma et al., 2022), especially
as regions like South America and Africa face rampant deforestation and
have experienced the greatest net losses in forest area (Amezaga et
al,, 2019).

The geographical distribution of research also reveals an important
imbalance between knowledge production and implementation con-
texts. A considerable portion of the scientific literature is generated by
institutions located in the Global North, often focusing on ecosystems
situated in developing regions. This asymmetry may influence research
priorities, funding availability, and the types of conservation strategies
proposed, reinforcing structural inequalities in water resource
management.

Wetlands also receive significant attention (10.7%), justified by their
role as “the planet’s kidneys” and their immense capacity for carbon
sequestration and biodiversity provision. They are crucial ecosystems for
conservation and sustainable management (Kundu et al, 2024).
However, the research underscores their critical state of global degrada-
tion, with alarming rates of loss: in Africa, countries like Tanzania,
Uganda, Ethiopia, and Nigeria have experienced high rates of loss; in
Asia, India, Bangladesh, and China; and South America, specifically
Brazil and Argentina, has exhibited moderate to high rates of degrada-
tion (Kundu et al., 2024).

This focus on forests and wetlands, though necessary, has created
dangerous blind spots. The finding that 87.5% of articles failed to men-
tion specific strategies for aquifers represents a critical knowledge
vacuum. Similarly, the omission of methodologies for rivers (82.5%) and
mountains (69%) is alarming. This confirms that Target 6.6 is being
addressed in a fragmented manner, with a disproportionate focus on
visible ecosystems (forests) while neglecting subterranean (aquifers) and
source (mountains) systems that are fundamental to the complete water
cycle. Beyond the thematic focus, the efficacy of implemented strategies
is, at best, ambiguous. Reforestation, the most cited intervention, yielded
mixed results: 19 articles reported non-compliance with objectives
(water quality, erosion) compared to 11 reporting full compliance. A
“moderate” socioeconomic impact (reported in 24 articles) suggests that,
while interventions can generate improvements, they often fail to trans-
form living conditions or resolve underlying economic pressures.

Equally problematic is the weak linkage of research with the SDG
framework itself. That 24% of studies did not specify any concrete SDG
target is a “weakness in explicitization.” This hinders the monitoring of
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global progress, impedes data aggregation, and suggests that the scientific
community is not always aligning its research with the objectives of poli-
cymakers. This finding is crucial in the transition from the Millennium
Development Goals (MDGs) to the SDGs. The MDGs focused on social
development issues and only marginally addressed environmental chal-
lenges (Wiegleb and Bruns, 2018). Although the drinking water target
was considered a great success, being met five years ahead of schedule,
the sanitation target was never achieved (Amezaga et al., 2019; Wiegleb
and Bruns, 2018). In contrast, the SDGs are the blueprint for achieving
a better and more sustainable future, explicitly confronting environmen-
tal degradation (Zhang et al,, 2019). If the research evaluating Target 6.6
interventions does not even name it, there is a risk of repeating the fail-
ures of the MDGs.

The results identify the classic triad of factors that define the gap
between the intent of Target 6.6 and its implementation: governance,
financing, and technology. In governance, realizing the vision of the
SDGs i, first and foremost, the responsibility of countries, national gov-
ernments, and stakeholders (Ait-Kadi, 2016). Success requires an align-
ment of actors (government, academia, private sector, civil society)
(Vorosmarty et al., 2018). Success stories, such as restoration in China
(Yang et al, 2023) or the “Namami Gange’ program in India
(Dandabathula et al,, 2021), demonstrate that strong governmental back-
ing is a predictor of efficacy. However, governance systemically fails when
data are inadequate or when policy formulation is centralized and “top-
down” It is crucial for governments to look beyond the global trend
when reporting progress and collect data on natural resources to enable
national-level sustainability assessment (Mondal et al., 2020; Dickens et
al., 2020). The lack of local government and community involvement
weakens long-term sustainability; measuring SDG progress is critical for
defining achievement and informing local policies (Huang et al., 2023).

Beyond scientific and technical considerations, the reviewed litera-
ture highlights that the successful implementation of conservation strate-
gies is strongly influenced by structural factors such as governance
capacity, financial investment, institutional coordination, and access to
monitoring technologies. In many regions, particularly in the Global
South, limitations in infrastructure, environmental management sys-
tems, and long-term policy continuity represent significant barriers to
achieving SDG 6.6. These challenges indicate that the gap is not only
related to knowledge production, but also to the capacity to translate
scientific findings into effective management actions.

In financing, the lack of financial support is not just a barrier, but an
active inhibitor. In most countries, funding for ecosystem protection “is
neither sufficient nor sustainable” (Vorosmarty et al., 2018). This has
direct effects, such as the deterioration of water monitoring networks
(Vorosmarty et al., 2018), creating a vicious cycle. Furthermore, deficient
financial support affects the fulfillment of SDG 6 (Zhang et al., 2019), as
low-resource communities struggle to achieve universal access to ade-
quate services, and low-income countries find it difficult to reach the
targets (Dadebo et al., 2023). The success of the program in the
Himalayas, with 100% financial assistance (Shaheen et al., 2023), con-
firms this.

The results show an extensive use of diagnostic technologies
(Landsat, Sentinel, GIS), but a low specification of laboratory methods
for contaminants (35 articles). The literature highlights the potential of
tools like cloud services, mentioning the use of Amazon Web Service to
help calculate how to use water more efficiently (Yu et al., 2022). This
suggests that advanced technology is being used far more to describe the
problem (mapping deforestation) than to evaluate the efficacy of solu-
tions. However, the need for more science and synthesized analysis of
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existing global datasets has been named to meet the ambitious reporting
goals set by SDG 6 (Hakimdavar et al., 2020).

There exists a profound interconnection of Target 6.6 with the entire
2030 Agenda. SDGs 2 (Zero Hunger), 6 (Water), 7 (Energy), and 15 (Life
on Land) are considered the “essential needs” that humans obtain from
ecosystems for sustenance (Zhang et al., 2022). Synergies are evident:
protecting a watershed (Target 6.6) improves water and food security
(SDGs 2 and 6) and reinforces growth, as water security and economic
growth (SDG 8) can be mutually reinforcing (Zhang et al.,, 2022).
However, this synergy is not automatic, and the literature is often overly
optimistic. The reality of development is fraught with “trade-offs” In
contrast, the policies, practices, and investments needed to achieve SDG
6 may not be coordinated with those of other SDGs, thereby failing to
guarantee positive outcomes for people (Amezaga et al., 2019). The pur-
suit of SDG 7 (Energy) through large hydroelectric dams can destroy
river ecosystems (Target 6.6). Agricultural expansion for SDG 2 (Zero
Hunger) is the primary cause of aquifer overexploitation and nitrate con-
tamination (Targets 6.3 and 6.6).

The risk, as demonstrated by the findings of this review, is that the
policies, practices, and investments required to achieve SDG 6 are not
coordinated. The fact that 65% of biodiversity and ecosystem conditions
in the Americas are declining (Vorosmarty et al., 2018) is proof that
“trade-offs” are winning over synergies. The fulfillment of Target 6.6 is,
therefore, not an isolated objective. It is the pillar that must manage these
trade-offs. Failing Target 6.6 means not only losing ecosystems but also
jeopardizing the long-term viability of the entire 2030 Agenda, by under-
mining the very resource base on which the other SDGs depend.

5 Conclusion

The findings of this systematic review reveal a significant imbalance
in the scientific attention given to water-related ecosystems. Forests
dominate the research landscape, while aquifers, rivers, and mountain
systems remain critically understudied despite their fundamental role in
the hydrological cycle. This fragmented focus limits the comprehensive
protection of water-related ecosystems and constrains effective progress
toward SDG 6, particularly Target 6.6.

The analysis also highlights the uncertain effectiveness of widely
implemented interventions, such as watershed reforestation. Mixed out-
comes and predominantly moderate socioeconomic impacts suggest that
conservation strategies are highly context-dependent and cannot be uni-
versally applied without considering local environmental, institutional,
and social conditions.

A critical gap identified in the literature is the weak explicit align-
ment between research outputs and the SDG framework. The absence of
clear references to specific SDG targets in a considerable portion of stud-
ies complicates the monitoring of global progress and reduces the poten-
tial for translating scientific knowledge into policy-relevant evidence.

Beyond technical and ecological dimensions, the results point to
persistent structural barriers related to governance, financing, and tech-
nological application. The lack of institutional coordination, long-term
financial support, and robust monitoring systems continues to limit the
effectiveness and sustainability of conservation initiatives, particularly in
regions with lower management capacity.

Finally, the findings underscore the strong interconnections between
Target 6.6 and other development goals, especially those related to food
security and economic growth. However, the prevalence of tradeoffs,
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such as hydropower expansion affecting river ecosystems or agricultural
intensification contributing to aquifer degradation—suggests that
achieving SDG 6.6 requires more integrated and coordinated policy
frameworks. Protecting water-related ecosystems is not only an environ-
mental priority, but a structural condition for sustaining the broader
objectives of the 2030 Agenda.
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