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Abstract 

This article presents a literature review based on indexed scientific sources, focusing on adaptive 

water management from a socio-ecological perspective, with an emphasis on co-learning and 

traditional knowledge. The study utilised Bibliometrix software to explore the evolution and 

thematic patterns within the literature. A detailed analysis of the retrieved articles was conducted, 

including a synthesis and classification of the identified components. This review highlighted 

relevant research gaps and proposed future areas of study. Furthermore, a conceptual model for 

adaptive water management is presented, illustrating the interconnectedness between the various 

analysed components. This model establishes a pathway based on the Participatory Action Research 

(PAR) approach, which is posited as a methodological tool that promotes governance, recognises 

local knowledge in territories, and fosters resilience in the face of challenges such as climate change. 

Keywords: territories; governance; social learning; local knowledge; PAR: Participatory Action 

Research; resilience 

 

1. Introduction 

In the current context of environmental crisis and increasing pressure on water sources, 

understanding the interactions between human societies and ecosystems has become crucial. Socio-

ecological systems (SES) are integrated systems that dynamically link social components, such as 

institutions and communities, with ecological components, including biodiversity and ecosystem 

services [1]. These systems are characterised by their complexity, adaptability, and self-regulatory 

capacity in the face of external disturbances. From a resilience perspective [2, 3], it should be 

emphasised that SES are not static but evolve through feedback cycles. Additionally, the fundamental 

vision of common-pool resource governance within these systems must be taken into consideration 

[4]. Understanding SES allows for the design of sustainable strategies in response to global 

challenges, such as climate change, biodiversity loss, and hierarchical social approaches (fields and 

power relations [5]). 

The conceptual framework of SES emerges as an alternative for adaptive water management. 

This perspective recognises the need to manage water under conditions of uncertainty, promoting 

institutional flexibility and continuous learning from an integrative vision that links ecological 

resilience with the active participation of communities [6]. From another perspective, the role of social 

learning, governance, and institutional transformation is emphasised as central elements of 

adaptation [7, 8]. Furthermore, the importance of experimentation and monitoring in multi-level 
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adaptive water management processes is highlighted; these approaches, though diverse, concur that 

adaptively managing water requires flexible structures, effective participation, and a systemic 

understanding of the environment [9]. 

It is essential to emphasise that this research prioritises co-learning among local communities, 

institutional actors, and academia, while also acknowledging the importance of recognising 

traditional knowledge as a fundamental contribution to Adaptive water management in territories. 

Such knowledge enables the incorporation of diverse territorial perspectives, thereby strengthening 

resilience and generating context-specific solutions [1]. By integrating scientific and ancestral 

knowledge within this interdisciplinarity, social and ecological innovation is enhanced. This synergy 

improves collective decision-making and promotes more inclusive governance. 

This review article, which addresses adaptive management based on co-learning and traditional 

knowledge, is structured around the following questions: What are the main thematic components 

that have been identified? Which studies exist, and how are these themes addressed jointly? What 

research gaps are identified? How can an SES-based approach promote adaptive water management 

through co-learning between local communities and institutional actors? To answer these questions, 

a theoretical synthesis is proposed, articulating the principal academic approaches to SES, adaptive 

water management, co-learning processes, Participatory Action Research (PAR), and traditional 

knowledge, conducting a literature review, highlighting the advances and contributions of various 

studies in these fields. 

The structure of this article is divided into three sections: the first presents the materials and 

methods used to organise and select the relevant literature; the second outlines the results and 

discussion, addressing the research questions and integrating diverse disciplinary perspectives in 

order to propose a conceptual model that illustrates how the main components identified are 

interconnected; and the final section provides the conclusions drawn from this review. 

2. Materials and Methods 

The present work adheres to the PRISMA (Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses) systematic review protocol lines, which is a set of standards through a checklist 

of the following items [10]: 

a) Problem definition, concerning the following questions: 

- What studies exist, and how do adaptive management, co-learning and traditional knowledge 

work together? 

- What are the main thematic components and main contributions? 

 - What research gaps are identified? 

-How can an approach based on Social-Ecological Systems (SES) promote adaptive water 

management through co-learning between local communities and institutional actors? 

b) Eligibility criteria: Studies published in English, within the period from 2010 to 2025. The 

references of the selected articles were used as a research source to broaden the theoretical and 

conceptual analysis, as well as for the targeted identification of the core concepts examined in the 

study. 

c) Databases: Scopus and Web of Science (WoS). 

d) Keywords were identified to represent the research objective best, and the following search 

equation was applied: (“social-ecological system” OR “socio-ecological system” OR “SES”) AND 

(“adaptive water management” OR “adaptive management of water resources”) AND (social AND 

learning) AND (traditional AND knowledge). 

Studies that contribute to the understanding of the interplay between co-learning, traditional 

knowledge, and adaptive water management were considered. For analysis, it was essential that the 

selected articles addressed the topic of adaptive water management and encompassed various 

dimensions of sustainability, including social, cultural, educational, political, economic, and 

technological aspects. Articles specifically focused on fields such as medicine and computer science 

were excluded from this analysis. 
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For the bibliometric review, the software Bibliometrix 4.0 [11] was employed, which facilitates 

the execution, retrieval, representation, and processing of statistical data derived from bibliographic 

searches. Bibliometrics (the application of quantitative and statistical analysis to scientific 

publications such as journal articles) provides objective and reliable insights [11], focusing on the 

examination of patterns and flows of documentary information that characterise and contribute to 

the advancement of scientific activity [12]. Moreover, the use of relational bibliometrics through data 

visualisation techniques proves useful in delineating themes, publications, and authors, thereby 

enhancing the capacity to analyse and understand a particular field of study [13]. 

In the search process, the following fields were taken into account: title, keywords, and abstract. 

Applying the defined selection criteria to the sample and considering the period from 2010 to 2025, a 

total of 64 articles were identified. These were related to the topics of Social-Ecological Systems (SES), 

adaptive water management, co-learning, and traditional knowledge. After a detailed review of the 

documents, a final selection of 43 articles was made. This search process was carried out using the 

Scopus and Web of Science databases. The flow diagram of the search process, based on the PRISMA 

protocol, is presented in Figure 1. Subsequently, the selected documents were exported to 

Bibliometrix in BibTeX format, including all available data. 

 

Figure 1. Flow diagram of the search process conducted in accordance with the PRISMA protocol [9]. 

3. Results 

3.1. Thematic Map. Bibliometrix 

Based on the data collected through Bibliometrix, conceptual structures were analysed using 

thematic maps. This technique relies on word networks, in which each network is represented by 

terms distributed across different quadrants [14]. 

Figure 2, entitled Thematic Map, is structured around two indicator axes: density (vertical) and 

centrality (horizontal). In quadrant 2 (upper right), the main research themes—referred to as motor 

themes—can be observed. These include “learning, traditional knowledge, and protected areas”, 

which are identified as key or central topics within the field of study. These are well-developed 

themes that are also highly interconnected with other relevant topics in the research area. Likewise, 

in quadrant 3 (lower left), themes that are either emerging or in decline are represented. One such 

theme identified is “green spaces”. Based on the document analysis, it is suggested that “green 

spaces” constitute an emerging topic, currently in an early stage of conceptual development. It is 

framed within the discourse of sustainable development and is increasingly being considered within 

the educational field. 
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On the other hand, quadrant 4 displays basic themes that are regarded as transversal. 

Accordingly, the concepts of “governance, forest management, and forest ecosystems”, located near 

the centre (with medium density and centrality), are interpreted as transversal or growing themes. 

These are subjects that have already been addressed and continue to attract interest within the 

research domain. They are beginning to gain greater relevance, showing an intermediate level of 

development and interconnection with other topics. For instance, based on the bibliographic review, 

the theme of “approaches to governance” is being explored from various perspectives, with its 

conceptual and theoretical network still under construction.This section may be divided by 

subheadings. It should provide a concise and precise description of the experimental results, their 

interpretation, as well as the experimental conclusions that can be drawn. 

 

Figure 2. Thematic Map. Bibliometrix. 

3.2. Bibliometric Review: Thematic Analysis and Description of Common Content 

To address the research questions: What studies exist, and how are adaptive management, co-

learning, and traditional knowledge jointly approached? What are the main thematic components 

and key contributions? What research gaps can be identified? The studies identified were 

systematised. Table 1 presents the principal contributions and the extent to which the approaches of 

adaptive management, co-learning, and traditional knowledge are integrated or not classified 

according to the most frequently occurring thematic components (social, ecological, cultural, 

economic, political, and technological); as well as the gaps that remain unaddressed in the analysed 

literature. It was found that most studies address two or three of these approaches, yet few integrate 

all three comprehensively. Thematically, the social component emerges as the most prominent, with 

a particular focus on water resource management and community resilience. However, the analysis 

reveals significant gaps in the systematic incorporation of traditional knowledge within the reviewed 

research. 

Table 1. Bibliometric Review: Thematic Analysis and Description of Common Content. 

Thematic 

Components 
Main Contributions Authors Research Gap 

Social 

- A focus on community participation 

as a fundamental pillar to implement 

effective socio-ecological management 

[15, 16, 17, 

18, 19, 20, 

21, 22, 23, 

24, 25, 26, 

Limited systematisation of 

experiences integrating co-

learning and traditional 

knowledge in adaptive water 
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in the face of natural disasters or 

climate change.  

- Participatory Action Research (PAR) 

promotes the empowerment and 

active participation of communities in 

decision-making processes, enabling 

them to influence their territories and 

governance processes. 

 

 

27, 28, 29, 

30, 31, 32] 

management. Furthermore, there 

remains a notable absence of 

adequately developed 

frameworks that effectively 

articulate local and scientific 

knowledge within socio-

ecological systems (SES), 

particularly considering their 

inherent complexity.  

There is a need to advance 

towards more equitable and 

culturally contextualised 

collaborative approaches. 

Traditional knowledge remains 

insufficiently integrated as a 

legitimate source of learning 

within institutional frameworks. 

Ecological 

Water and Fisheries Resources 

Protection—Safeguarding Biodiversity 

in Community Contexts. 

 

Redesign of Agricultural Systems 

Towards Sustainable Models That 

Regenerate Ecosystems and 

Strengthen Resilience. 

 

Integration of Ecological and Political 

Dimensions as a Foundation for 

Achieving Sustainability. 

[33,34,35, 

36] 

Limited integration of traditional 

and local knowledge into 

scientific approaches to adaptive 

water management and 

governance. 

 

There remains a need for deeper 

exploration of how co-learning 

between local communities and 

scientific communities can 

strengthen Social-Ecological 

Systems (SES). 

Cultural 

Cases illustrating how communities 

draw upon traditional knowledge and 

cultural practices in response to 

climate change, particularly within 

urban contexts. 

The significance of traditional 

knowledge and the cultural identity of 

Indigenous communities in the 

management and conservation of 

cultural heritage. 

[37,38,39, 

40,41] 

Development of approaches that 

acknowledge and integrate both 

traditional knowledge and 

scientific advancements in water 

management. 

There remains a need to explore 

the intersections between 

traditional and Indigenous 

knowledge systems and 

technological innovations in order 

to enhance resilience within 

changing and dynamic socio-

ecological contexts. 

Politics 

Governance Processes and 

Community-Based Planning for 

Climate Change Adaptation. The 

Importance of Inclusive and Adaptive 

Policies  

The Design of Scenarios as a Strategic 

Tool for Planning Responses to 

Climate Change. 

 

Participatory Development of Public 

Policies for the Recognition of 

[42, 43, 44,  

45] 

From the perspective of Social-

Ecological Systems (SES), there is 

a lack of effective integration 

between public policies, co-

learning, and traditional 

knowledge in adaptive water 

management. 

Governance is constrained by the 

exclusion of traditional 

knowledge and technical 

approaches through genuine co-
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Indigenous Rights in Territorial 

Contexts 

learning processes within socio-

cultural contexts. 

Technological 

Case studies in agriculture on the use 

of community-based climate 

information platforms to enhance 

adaptive capacity. 

There is a recognition that the 

deployment of technological tools and 

methodologies enhances data 

integration and supports the 

formulation of practical solutions in 

response to potential environmental 

impacts and the need for climate 

change adaptation. 

[46,47,48] 

To explore in depth the 

articulation of technologies and 

collaborative approaches with 

local knowledge, conceived as 

strategies for co-learning. 

There is limited integration 

between traditional knowledge 

systems and technological 

approaches within the framework 

of adaptive water management. 

3.3. Identification of Research Opportunities Based on Existing Knowledge Gaps 

The identified research opportunities include: i) the potential to conduct long-term impact 

assessments of participatory projects, as few studies report outcomes over extended timeframes; ii) 

the need to consider the intersections of gender, power, and participation, given the limited attention 

paid to how inequalities shape participatory processes; iii) the integration of global and local scales, 

as there is still insufficient analysis of how local actions may influence change and inform regional, 

national, and global policies; 

iv) the role of technology and digitalisation in rural contexts, since the contribution of digital 

tools to the co-production of knowledge remains underexplored; and v) the involvement of youth 

and future generations (intergenerational processes) in climate change and water governance, as their 

voices and experiences are scarcely represented in the bibliographic analysis conducted. 

3.4. Promoting Adaptive Water Management Through Co-Learning 

In addressing the question, how can an SES-based approach promote adaptive water 

management through co-learning between local communities and institutional actors? This analysis 

identifies various contributions aligned with SES-based frameworks, which offer an integrative 

perspective by acknowledging the interplay between social, ecological, and economic components. 

Some of the main contributions relate to: the recognition of complexity and interdependencies, 

emphasising that water-related decisions must adopt a more holistic understanding and take into 

account all social and ecological dimensions [20]; the promotion of resilience and adaptability, by 

focusing on the capacity of systems to absorb and respond to change [18, 21, 38, 40, 42]; the 

advancement of nature-based solutions [23, 32, 34, 45], which include strategies to enhance water 

quality, availability, and regulation; and community engagement and governance [21, 23, 29, 35, 43, 

45], which involve inclusive decision-making processes tailored to local needs. The contributions of 

Social-Ecological Systems (SES) to adaptive water management involve the implementation of 

flexible actions and continuous evaluation to adjust strategies in accordance with observed outcomes. 

Indeed, Participatory Action Research (PAR) constitutes a central methodological tool in various 

studies [15, 19, 21, 22, 28, 35], employed across multiple disciplines. Similarly, the concept of adaptive 

governance is recurrent in ecological studies, urban planning, and climate risk management, 

fostering shared decision-making among local stakeholders, scientists, governmental bodies, and 

non-governmental organisations (NGOs). 

Resilience and adaptation to climate change are recurrent themes in the bibliometric analysis, as 

evidenced in studies concerning Pacific islands [38], rural communities in Asia and Africa [42,43,35], 

and agricultural systems [17]. Accordingly, this concept is closely associated with the strengthening 

of local capacities. Furthermore, local, traditional, Indigenous, or endogenous knowledge is 

identified as fundamental in generating conceptual and sustainable solutions [35, 40, 43]. 
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It is also essential to emphasise that community education and communication emerge as key 

processes to facilitate learning and enhance resilience to climate change [21, 22]. 

4. Discussion 

Proposed Conceptual Model 

A conceptual model of adaptive water management is proposed from the perspective of socio-

ecological systems, illustrating the interconnection among the main identified components. This 

model encompasses the dynamic interaction between systems, integrating the social and ecological 

subsystems into a unified framework “the human-in-nature” system a complex structure in which, 

for example, the social subsystem includes diverse human perceptions, behaviours, and ideas 

(values, knowledge, ideology, spirituality, arts, and culture), where social, institutional, economic, 

and political dimensions are intricately interwoven. In turn, the ecological subsystem encompasses 

all ecosystems (water, energy, air, soil, minerals, hydrology, climate, and the physical, chemical, and 

biological processes of the biosphere) [49]. Understanding the dynamics of a socio-ecological system 

entails recognising its state and regime shifts. 

The conceptual analysis conducted enabled the identification of five fundamental concepts that 

structure the theoretical framework of adaptive water management from a socio-ecological 

perspective. 

Concept 1. Adaptive Governance is essential for addressing complexity, particularly in contexts 

of uncertainty such as climate change. Flexible and collaborative governance systems enhance 

adaptability through mutual learning, experimentation, and the coordinated management of natural 

resources. “Uncertainty in water availability demands polycentric, collaborative, and adaptive 

approaches” [7, 50]. Adaptive governance strengthens the capacity to respond to hydrological 

uncertainties. It is thus well suited to water management in the context of climate change, as it fosters 

continuous monitoring, institutional flexibility, and the integration of diverse knowledge systems. 

Concept 2. Local and traditional knowledge serves as a bridge to acknowledge and integrate 

indigenous and ancestral epistemologies, as it not only enriches adaptation strategies but also 

reinforces the legitimacy of interventions and empowers local communities. “Indigenous knowledge 

systems provide key insights for adaptive and culturally appropriate water management” [51]. Local 

knowledge enhances context-specific water planning across territories. For instance, traditional 

understandings of water sources, rainfall cycles, and land use contribute to the development of more 

relevant and resilient strategies, particularly within Indigenous and rural territories [52]. 

Concept 3. Co-learning and community participation foster innovation and adaptability in water 

management. Co-learning is understood as a collective process in which diverse actors ( local, 

institutional, academic, and political) share experiences, knowledge, and values. This exchange is 

essential for building consensus, fostering innovation in practice, and adapting to changes within the 

socio-ecological system [53]. Such a process enables all social actors to acknowledge different 

perspectives and to co-design more resilient and sustainable solutions. “Social learning promotes the 

collective construction of meaning and serves as a critical foundation for the adaptive management 

of common resources such as water” [54]. Initially conceived as a driver of social and ecological 

transformation, Participatory Action Research (PAR) is presented not merely as a methodology but 

as a key strategy to facilitate inclusive processes of change that integrate the voices and knowledge 

of communities into decision-making. “The active involvement of communities in water 

management enhances the legitimacy of policies and strengthens social learning” [49]. PAR reinforces 

water governance by ensuring that local actors are not merely sources of information but co-creators 

of water solutions. This, in turn, strengthens the ownership of decisions and the long-term 

sustainability of actions. 

Concept 4. Resilience from a socio-ecological systems perspective involves the integration of all 

stakeholders, as it aims to enhance the capacity of territories to adapt to and transform in the face of 

disturbances. “Water resilience is the outcome of systems that link ecological health with the capacity 
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for social organisation” [55, 56]. Water resilience depends on the interconnections between social and 

ecological components; therefore, a socio-ecological approach to water management enables the 

analysis of how communities respond to, adapt to, and transform in the face of extreme events such 

as droughts and floods. 

Concept 5. Sustainability, which seeks lasting and sustainable solutions, emerges from 

participatory processes rooted in local contexts and territories, where communities lead the design 

of their paths to well-being and conservation, with the necessary technical and political support. “The 

sustainability of water depends on its management as a common good and on mechanisms of social 

control” [57]. In other words, it is built through active participation, since without genuine 

participatory processes, efforts to conserve and distribute water often fail or perpetuate existing 

inequalities [58]. 

Table 2 then identifies the main characteristics of the concepts and organises them according to 

their epistemological, ontological, and methodological functions [59]. The table consists of three 

columns: the first presents the names of the concepts; the second indicates the main character of the 

research according to its function; and the third explains the justification for the selected 

characteristic. 

Table 2. Conceptual Framework of Adaptive Water Management and the Nature of the Research. 

Related Concept Nature of the Research   Characteristic 

Adaptive Governance Epistemological 

Exploring the nature of the 

phenomenon and its structural 

properties within socio-

ecological systems. 

Local and Traditional 

Knowledge 
Epistemological 

How local and traditional 

knowledge is produced, 

validated, and integrated as a 

legitimate way of understanding 

and managing socio-ecological 

systems. 

Co-learning and Community 

Participation 
Methodological 

The emphasis is placed on 

methods, processes, and 

techniques aimed at fostering 

mutual learning and community 

inclusion in management 

practices. 

Resilience Ontological—Epistemological 

Resilience is explored as an 

inherent property of the socio-

ecological system. 

The ways in which resilience is 

understood, modelled, and 

conceptualised are examined. 

  

Sustainability Epistemological, Ontological 

To understand how different 

ways of knowing and validating 

sustainability are constructed. 

Sustainability is explored as an 

emergent property of the socio-

ecological system. 

  

Indeed, this conceptual model provides a comprehensive framework for inclusive water 

policies. The components of the model (governance, local knowledge, co-learning, resilience, and 

sustainability) do not function in isolation; rather, it is their synergy that enables the transition 
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towards more equitable, sustainable, and resilient systems. “Integrated models allow knowledge to 

be translated into action and foster transformative changes in water management” [58, 60]. 

In Figure 3, these concepts are interwoven, representing a conceptual synthesis of the main 

theoretical components that have emerged throughout this research and underpin adaptive water 

management from a socio-ecological perspective. This representation is structured around three 

fundamental dimensions of scientific knowledge: ontological, epistemological, and methodological. 

Adaptive governance integrates diverse forms of knowledge, flexible institutional capacities, and 

participatory decision-making mechanisms under conditions of uncertainty; sustainability represents 

the desired state towards which the socio-ecological system converges: A dynamic balance between 

ecological, social, and economic dimensions; local knowledge emerges from the historical 

relationship between communities and their territories, providing a foundation for understanding 

and interpreting local water management dynamics; co-learning and community participation are 

key mechanisms for the collective construction of knowledge and the implementation of collaborative 

approaches to water resource management; and resilience, understood as a property of the socio-

ecological system that enables adaptation, resistance, and transformation in the face of disturbances, 

constitutes a fundamental principle for adaptive management. 

 

Figure 3. Conceptual Model—Adaptive Water Management from a Socio-Ecological Systems Perspective. 

This graphic articulation enables the visualisation of the interdependence between key concepts, 

and illustrates how they simultaneously function as theoretical foundations, interpretative 

frameworks, and operational strategies in water management within complex and evolving contexts. 

5. Conclusions 

The conceptual model proposes an adaptive water management approach grounded in the 

socio-ecological perspective, wherein resilience and sustainability emerge from the interaction 

among communities, ecosystems, and diverse forms of knowledge. It promotes co-learning among 

local actors, technical experts, and authorities, thereby fostering horizontal processes of adaptive 

governance. This perspective recognises that traditional knowledge is not merely a complement, but 

a foundational pillar for designing water-related responses that are context-specific and culturally 

appropriate within territories. 

Active participation in these processes fosters community empowerment, thereby strengthening 

the legitimacy of decision-making. In this way, socio-ecological systems become more flexible and 

better equipped to cope with climatic disturbances. In essence, the model advocates for a bottom-up 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 August 2025 doi:10.20944/preprints202508.1355.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.1355.v1
http://creativecommons.org/licenses/by/4.0/


 10 of 13 

 

transformation, in which the dialogue of knowledge drives social and ecological innovations. Water 

is thus managed as a common good, within a framework of justice and intergenerational equity. 

Integrating traditional knowledge into water governance enables a shift from technocratic 

approaches to co-created systems, in which social learning plays a pivotal role in fostering adaptation 

and transformation. The model presented demonstrates that water resilience does not rely solely on 

infrastructure or scientific data, but rather on the collective capacity to learn from the environment 

and through interactions among diverse actors. 

This systemic logic fosters trust-building, collaborative experimentation, and shared 

monitoring, all of which are essential to addressing climate uncertainty. Sustainability is not imposed 

from above, but rather constructed collectively, acknowledging the interdependence of social, 

ecological, and cultural elements. In this context, water management ceases to be merely technical 

and becomes a political and community-based practice. In doing so, pathways are opened towards a 

just, resilient, and life-centred water transition. 

Going forward, this model offers a conceptual framework for understanding and addressing the 

complexity of adaptive water management in diverse contexts. It opens up new avenues of research 

for validation at various territorial and socio-environmental scales. Furthermore, its potential 

application as a decision-support tool for sustainable and participatory water planning is proposed, 

which could contribute to more equitable and resilient water management. 
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