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Abstract

:

This paper proposes the use of Pierre Bourdieu’s sociological concepts of social fields, capital, and habitus to analyze water management in Colombia. By mapping the social dynamics of water management, this study examines the interactions and power relationships among agents, including government agencies, private companies, academic institutions, non-profits, and local communities. The analysis reveals how various forms of capital, such as economic, cultural, social, and symbolic, influence water management practices, policies, and the distribution of power. Integrating agent-based modeling with hydrological simulations provides a more nuanced understanding of how social dynamics influence water management. This interdisciplinary approach helps develop more adaptive and equitable strategies by capturing the complex interactions between human behavior and environmental factors. This study highlights the need to localize the analysis of the social field to capture regional customs and specific social dynamics. This localized approach ensures that water management strategies are more relevant, context sensitive, and sustainable. This paper advocates for the wider adoption of agent-based modeling in water management, proposing a methodology that combines the engineering principles of practical problem solving and adaptive design with an understanding of the social complexities in water management.
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1. Introduction


In recent decades, water scarcity has become a critical global issue due to significant climate shifts and societal developments [1]. It poses a severe threat to human sustainability, ecosystem balance, and socioeconomic progress [2,3]. Global population growth has sharply increased water demand, revealing a stark contrast between regions with abundant water resources and those facing severe shortages and pollution [4]. This imbalance often leads to conflicts over water distribution, underscoring the need for improved water management and infrastructure planning across continents, especially in arid regions, where economic dependence on water is high [5,6,7]. Climate change is expected to exacerbate freshwater scarcity, underscoring the importance of addressing this issue for the 21st century’s economy and global health [8,9].



Decisions concerning water use and distribution have been occurring for millennia, starting with the development of irrigation systems to facilitate agricultural expansion and progressing into the sophisticated automated monitoring and operational frameworks present today [10]. Water management is an increasingly significant issue globally. There exists a wide array of organizational models, with varying distributions of responsibilities among stakeholders that are dependent on regulatory frameworks. The water distribution and sanitation sector features diverse organizational arrangements, ranging from fully private to mixed ownership to fully public entities, each with varying levels of responsibility [11]. These organizational structures and decision-making processes directly impact water availability, accessibility, and quality [12]. To achieve effective water resource management, the global water system involves numerous interconnected physiological, socioeconomic, and institutional factors. Therefore, various strategies and tools have been used to assess the dynamics of water resources in different areas [13].



Water management is a critical challenge for human sustainability. Issues related to water quantity, quality, and access pose significant challenges for both society and ecosystems [14,15,16,17,18]. Addressing these challenges requires us to consider the system’s dynamics. This encompasses the general socio-political processes, operational decision making, and management that affect the dynamics of the water cycle. Currently, water management primarily focuses on surface waters, land, and climate governance [19]. However, numerous studies [20,21,22,23,24,25,26,27] suggest that the interactions between agents and their engagement with nature are crucial for effective water management. Water scarcity is not just a consequence of natural factors like reduced rainfall or decreased river flow due to climate change and melting glaciers; it is also influenced by social aspects related to land use and water resource distribution [28,29,30,31,32,33,34]. Many regions face imbalances in power dynamics regarding water availability, usage, and management [35,36,37,38,39,40]. This paper examines how water management is shaped more by the relationships and dynamics between different stakeholders. It draws on the key concepts from Pierre Bourdieu’s theory, including fields, capital, and habitus, to analyze the power dynamics in water management.



Different studies have addressed Bourdieu’s theory to study the problems of water management. The authors of [41] discussed the management of water resources in local communities from a social capital perspective. A comparative case study was conducted in two regions in Kepulauan Riau, Senggarang, and Mantang to explore the role of social capital in governing water resources. The findings contribute to understanding the importance of social capital for local water resource management. In [42], a case study applying Bourdieu’s field theory to understanding social interactions and interests among agents was conducted. Effective water management requires not only technical solutions but also a deep understanding of the cultural and social factors that shape human interactions with water resources.



The balanced triangle concept [43] provides a crucial framework for understanding the intricate interactions among planetary resources, ecosystems, and human societies. This triangle distinguishes three key vertices: planetary resources, ecosystem-based resources, and societal needs (Figure 1). In the context of water management, this model highlights the dynamic relationships between these elements, illustrating how human appropriation and use of water resources influence both planetary and ecosystem processes. As societies draw on these resources, feedback loops are created that affect not only the availability of water but also the broader environmental and societal systems.



The complexity of water management requires an interdisciplinary approach to fully understand the dynamic interactions between humans and water systems. Traditional disciplinary methods are inadequate to address the interconnected challenges presented by water-related sustainable development goals [44]. Interdisciplinary approaches, which draw insights from fields like hydrology, engineering, economics, social–ecological systems, and political science, are necessary to explore the synergies and trade-offs across different sectors [45]. Water management methodologies are crucial not only for the physical management of water as a vital resource but also for addressing the socio-political complexities that influence water access. Water management strategies in many advanced and developing countries have primarily focused on improving infrastructure, such as pipelines, reservoirs, and treatment facilities. While this simple infrastructure approach is vital for distributing water, it often fails to ensure equitable access. In regions like Sub-Saharan Africa, challenges go beyond the need for infrastructure and involve issues of poor governance, financial constraints, and social inequalities [46]. Is “inefficient management” a socio-political issue? Thus, effective water management requires attention to diverse environmental, social, and political factors, which can be achieved through the use of interdisciplinary methods.
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Figure 1. Balanced triangle of planetary and ecosystem-based resources and human societies. Reprinted with permission from Ref. [47]. 2013, Elsevier. 
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This paper aims to design an interdisciplinary methodology for water management by integrating Cohen’s engineering approach [48] with Bourdieu’s social field theory [49]. The combination of these frameworks is relevant because it addresses both the technical and social aspects of water management, a resource heavily influenced by infrastructure and technological solutions, as well as social, cultural, and political dynamics. While Cohen provides a focus on flexibility and adaptation in engineering planning, Bourdieu offers a lens to understand power relations and the distribution of social and economic capital in affected communities. This integration seeks to not only optimize technical resources but also to empower local communities and promote equity in water access.



The paper is organized as follows: Section 2 reviews the literature, identifying key gaps and opportunities for improvement in current water management practices and laying the foundation for an interdisciplinary approach. Section 3 discusses the central role of public policies in water management by examining how political frameworks influence water distribution and access, highlighting inequalities between urban and rural areas. Section 4 focuses on Pierre Bourdieu’s theoretical framework, explaining how his key concepts of capital, fields, and habitus offer a deeper understanding of social interactions in specific contexts. Section 5 presents an overview of Cohen’s engineering approach, emphasizing the epistemological difference between engineering and physical sciences, and discusses how engineering can incorporate social and cultural factors into its solutions. Section 6 applies Bourdieu’s social field concept to water management in a case study of Magdalena department, Colombia, showing how different types of capital influence water governance and policies. Section 7 discusses the appropriateness of agent-based modeling (ABM) as a tool for simulating complex social systems, emphasizing how ABM captures emerging phenomena from individual interactions when combined with Bourdieu’s social theory, providing a more comprehensive view of water systems. Finally, Section 8 presents the conclusions, recognizing that the proposed interdisciplinary approach promises a better understanding of the social and technical complexities in water management, potentially leading to more sustainable and equitable solutions.




2. Water Management Approaches


Water management has evolved from traditional command-and-control approaches to socio-ecological systems (SESs), such as integrated water resources management (IWRM), the water–energy–food nexus, nature-based solutions, and socio-hydrology. These approaches aim to integrate multiple disciplines and sectors to make decisions that benefit both people and ecosystems [44]. The subsequent section reviews the theoretical foundations and applications of each of these approaches, highlighting relevant case studies and lessons learned.



2.1. Integrated Water Resources Management


Integrated water resources management (IWRM) is promoted as a process aimed at the coordinated development and management of water, land, and related resources to maximize economic and social well-being equitably without compromising the sustainability of ecosystems [50]. IWRM is based on the principle that water is a finite, essential, and multidimensional resource, whose management cannot be performed in isolation but must be integrated with other related sectors, such as agriculture, energy, and the environment. Therefore, it is crucial to explore how and why this approach is applied. In response to the “how”, IWRM is implemented through a participatory and inclusive process that involves all key stakeholders combined with a thorough technical analysis of the available water resources. It relies on legal frameworks that facilitate multisectoral coordination and focuses on the implementation of concrete projects that consider economic, social, and environmental needs. Finally, continuous monitoring is conducted to ensure that the actions taken are sustainable and adaptable to future changes.



In response to the “why”, this approach is applied to address the challenges arising from the complexity of the hydrological cycle, increasing pressures from climate change, and conflicting demands over water use. IWRM recognizes that water is not just a natural resource but also an economic, social, and environmental asset that requires coordinated management to avoid the fragmentation of policies and actions among different sectors and users [50]. Its flexibility allows local actors to adapt their policies and tools according to their specific conditions and needs, such as improving agricultural production, increasing access to drinking water, and protecting aquatic ecosystems [51]. Thus, IWRM focuses on stakeholder participation and the need to create an enabling environment with appropriate institutional frameworks for coordination among users, aiming to balance social, economic, and environmental needs while ensuring water sustainability without harming ecosystems [52].



Finally, IWRM is widely applied in contemporary water management with good results, as supported by studies in different countries, but it also faces limitations in contexts where power imbalances and a lack of effective governance exist [53,54,55,56,57,58,59]. Therefore, the implementation of IWRM can be hindered by factors such as a lack of institutional capacity, political barriers, and power asymmetries among the involved actors. These challenges highlight the need to strengthen not only the regulatory framework but also the creation of an institutional environment that promotes collaboration and equity in access to water resources [60,61].




2.2. Water–Energy–Food Nexus


The “water–energy–food (WEF) nexus” approach has gained prominence due to its ability to address the interdependence between the three sectors in an integrated manner. This approach was developed with the purpose of improving resource-use efficiency through coordinated cross-sectoral management. Its main objective is to foster economic development through incentives, enhance governance for cross-sectoral management, and leverage productive ecosystems, contributing to a green economy that improves human well-being and social equality while simultaneously reducing environmental risks and ecological scarcities [62]. It is important to note that while the nexus approach has the potential to stimulate economic development through incentives, this is not a guaranteed feature in all applications. It is necessary for the incentives to be aligned with local economic and environmental priorities and for their long-term impact to be evaluated.



This comprehensive approach suggests considering the productivity of water, energy, and land as a system rather than individually, identifying opportunities to improve efficiency through innovation, recycling, and waste reduction. By prioritizing the overall system’s efficiency over the productivity of each sector, the nexus approach promotes a shift towards sustainability with fewer trade-offs while producing benefits that outweigh the costs of integration. These costs are related to tangible investments such as infrastructure and technology, as well as intangible ones like governance and multi-stakeholder participation. This means that instead of optimizing one sector at the expense of another, the nexus seeks a balance that maximizes the overall system benefits, reducing trade-offs and potentially generating net benefits in terms of resource efficiency, environmental sustainability, and social equity. Therefore, while integrating the nexus approach may require an initial investment in infrastructure or governance changes, the long-term benefits (greater system resilience and efficiency) tend to outweigh these costs.



Similarly, both IWRM and the water–energy–food nexus seek the integrated and coordinated management of natural resources [63]. However, while IWRM primarily focuses on water as a resource, the nexus approach extends this integration to include two other crucial components: energy and food. Both approaches recognize the interconnections and synergies between different sectors and aim to maximize the social, economic, and environmental benefits through balanced management. However, the nexus offers a more holistic vision compared to IWRM, especially in contexts where the interdependencies between water, energy, and food are critical. It does not treat water in isolation and gives equal importance to energy and food resources, acknowledging that any intervention in one affects the others. This can be particularly beneficial in areas where water and energy demands are closely linked, such as in intensive agriculture or hydroelectric power generation.



The WEF nexus is applied through intersectoral analysis to identify how changes in water management, food production, and energy use affect the global system, generating multisectoral coordination by aligning sustainability policies and objectives across the three sectors and promoting technologies that maximize efficiency and minimize negative impacts, such as energy-efficient irrigation systems or agricultural practices that require less water. This approach is applied because it provides an integrated vision that maximizes benefits by considering the interdependence of water, energy, and food while minimizing negative impacts and improving the resilience of social and economic systems [62,63,64]. The benefits include resource efficiency, environmental sustainability, and economic and social resilience.



According to the above, the WEF nexus approach has gained global momentum as an innovative framework for addressing the interconnected challenges of water management, energy, and food security in a sustainable and integrated manner. It has been implemented in numerous regions around the world [65,66,67,68]. The potential of the water–energy–food nexus approach has been widely discussed in the literature, with one notable concern being that studies have primarily focused on macro-scale global resource security, overlooking the impacts on local livelihoods and the environment [63]. Furthermore, there has been a lack of participatory stakeholder involvement in designing and carrying out nexus research [64].




2.3. Nature-Based Solutions


The term “nature-based solutions” (NBSs) first appeared in the early 2000s in the context of addressing agricultural problems. Since then, NBSs have been discussed in relation to land use management, planning, and water resource management [69], such as using wetlands for wastewater treatment and leveraging ecosystem services from wetlands as a nature-based approach to watershed management. NBSs are systems that utilize and reinforce physical, chemical, and microbiological treatment processes. These processes underpin the scientific and engineering principles for water/wastewater treatment and hydraulic infrastructure. NBSs can be cost effective, energy efficient, and environmentally friendly while also providing valuable benefits to society. These include promoting biodiversity, mitigating climate change impacts, restoring ecosystems, and enhancing amenities and resilience [70]. NBSs have been widely applied in various geographic contexts across the globe [71,72,73].



NBSs differ from IWRM or the WEF nexus approach primarily because they rely heavily on natural ecological processes and require extensive coordination not only between different sectors (water, agriculture, and energy) but also across jurisdictions at multiple levels of government. This is because NBSs often encompass entire ecosystems, such as watersheds, wetlands, or protected areas, which frequently cross political and administrative boundaries [74,75,76]. Therefore, implementing NBS involves cross-sector collaboration, including agriculture, energy, biodiversity, and urban planning, as well as interjurisdictional coordination, which involves multiple jurisdictions (local, regional, and national governments), adding an extra layer of complexity to their implementation.



This need for greater coordination is a key difference from approaches like IWRM, which, while also requiring coordination, primarily focuses on the integrated management of water resources and does not necessarily involve broader ecosystems or actions that engage both ecological and urban sectors.



NBSs face several limitations, including the need for coordinated decision making across multiple jurisdictions and sectors, which can lead to conflicts and inaction due to a lack of policy coherence. Trade-offs, such as compromising agricultural productivity for environmental benefits, further complicate implementation. Additionally, unsupportive or conflicting incentives and regulations, as well as entrenched institutional norms and path dependency, hinder the adoption of NBSs [77].



NBSs face specific barriers, such as the lack of long-term funding for projects that require decades to yield full benefits (e.g., ecosystem restoration) or stakeholder resistance to moving away from traditional approaches like “grey” infrastructure. These specific barriers are not as common in approaches like IWRM or the WEF nexus, which focus more on infrastructure and direct resource management [78]. This perception underestimates the diverse benefits of NBSs and generates reluctance to adopt these alternatives. There is a critical need for policies that promote better participatory processes around NBSs to raise awareness, distribute benefits equitably, prevent conflicts, and encourage management [79].



Although some coordination challenges and institutional barriers are common to previous approaches, the implications and scale of these challenges may vary. NBSs, by relying more on nature and less on technological infrastructure, face unique implementation challenges, particularly regarding natural variability and climate uncertainty [80].




2.4. Socio-Hydrology


Socio-hydrology is a scientific discipline focused on understanding and interpreting the interactions and feedback between human and water systems. It aims to analyze the dynamics of socio-hydrologic processes, explain their impact on human well-being, and explore future scenarios. This field integrates the study of multiscale water system structures, human outcomes related to water, and societal goals for water use and sustainability. By formalizing these interactions, socio-hydrology seeks to address water sustainability challenges in the Anthropocene [81].



It differs from resource management approaches such as integrated water resources management (IWRM) or the water–energy–food (WEF) nexus, as these approaches primarily focus on water resource management and their inter-relationships with economic and social sectors but do not explicitly address long-term social dynamics or the co-evolution processes between water and human systems [82]. Socio-hydrology has a more scientific and academic approach based on modeling and analyzing historical and future scenarios that aim to capture how social behaviors, policies, and human actions affect water systems and vice versa.



Aligned with the discussion above, the prevalent approach in the field of socio-hydrology is the development of coupled human–water models. Mostert [83] proposed an alternative: qualitative case study research involving systematic reviews of human activities, key actors, and influencing factors. It presented a case study of the Dommel Basin in Belgium and the Netherlands. Case studies offer a more complete understanding of management levers, while coupled models generate quantitative scenarios. Scholars in socio-hydrology aim to capture the full range of human behaviors in interactions with natural systems, but methodological implementations often reduce these dimensions to fit quantitative models, posing epistemological challenges. Human behavior is influenced by perceptions, preferences, and socio-political contexts, making it difficult to find a single truth [84].



Regarding epistemological challenges, it is true that quantitative modeling in socio-hydrology faces many of the same issues as other approaches, such as the lack of precise data or the difficulty in representing the complexity of hydrological and social systems in predictive models. However, the challenges are deeper in socio-hydrology due to the need to integrate unpredictable social dynamics into traditional models. These dynamics include human behaviors that change based on cultural, economic, or political factors, adding a layer of uncertainty that is not present in purely physical hydrological models.




2.5. Hydro-Social Territories


Hydro-social territories are complex spaces where society, technology, and nature intersect, being shaped by human imagination and social practices. These territories include interactions between water flows, hydraulic infrastructure, and governance structures, where dynamics of inclusion, exclusion, and resource distribution come into play, reflecting a complex network of biophysical, technological, social, and political elements in water management [85]. Water management in these territories reflects a dynamic network of biophysical, technological, social, and political elements, requiring an integrated approach for effective understanding and management.



Dynamic relationships create inconsistent categories, such as those emerging between rural and urban actors, local communities and the state, or private and public actors. These inconsistencies are not just a side effect of interaction but a central feature of how these territories are constructed and negotiated over time. Unlike other management approaches where categories tend to be more static or well defined, hydro-social territories recognize that categories are inherently porous and subject to change due to the fluid nature of relationships between water, technology, and governance structures.



A study conducted by Hommes and others explored Foucault’s “arts of government” applied to the management of water transfers from rural to urban areas in cities such as Lima, San Luis Potosí, and Bucaramanga [86]. This analysis included both traditional water transfer schemes and payments for ecosystem services systems, revealing how urban imaginaries about rural areas influence governance decisions, shaping the subjectivities of the actors involved, that is, how rural and urban actors see themselves and how they are perceived by others. These subjectivities are not static; they are in constant negotiation, acceptance, or dispute by the affected communities, providing a deeper understanding of how rural–urban hydro-social territories are configured and how technologies play a fundamental role in transforming rural identities. Traditionally, rural identities have been characterized by their close relationship with agriculture, natural resources, and community lifestyles. However, the introduction of advanced technologies has significantly transformed these dynamics [87,88]. Technologies such as precision agricultural machinery, digital platforms for product marketing, and renewable energy systems like solar panels have profoundly altered traditional practices in rural areas. For example, farmers who once relied on generational knowledge now use technological tools like GPSs and smart sensors to optimize water and nutrient use, turning them into technological managers of their land. This shift has modified rural identities, as traditional roles of “guardians of the land” are transformed into “technological operators”, whose knowledge and skills are more aligned with industrial and urban practices [89].



Despite the benefits that emerging technologies can bring to agricultural productivity and access to global markets, they also present significant challenges. One challenge is the digital divide, which may widen between rural communities that have access to these technologies and those that do not. This unequal adoption of technology can affect social dynamics, creating new forms of exclusion or technological dependence, especially in rural areas where digital infrastructure is limited.



Additionally, the integration of technologies in natural resource management can reconfigure power relations between rural communities and the industrial or urban sectors that consume those resources. For example, the use of advanced water monitoring technologies can improve management efficiency but may also concentrate control of these resources in the hands of large corporations or institutions, distancing the local communities that directly depend on water for their livelihoods.



To mitigate these effects, it is crucial that the introduction of new technologies in rural areas is accompanied by inclusive policies. These policies must ensure that all actors, including the most vulnerable, equitably benefit from these technological advances, thus avoiding the creation of new forms of marginalization or dependence. The participation of rural communities in the design and implementation of these technologies is key to democratizing the benefits and reducing inequalities [90].



Although the concept of hydro-social territories is useful for understanding the complexity of water management, it faces limitations in its conceptual and practical application. One of the main difficulties lies in the dynamic and reciprocal nature of the categories “state” and “local community”, which are continually reconfigured through hydraulic and conservation projects. These projects change the identities and roles of the actors involved, complicating their representation and understanding.



The negotiation and dispute processes among the actors involved constantly alter their perceptions, making it difficult to maintain consistent categories over time. Although more powerful actors, such as governments and large corporations, often dominate decisions about water management, there is also the possibility that grassroots democratizing discourses can reshape power relations and decision-making processes, potentially leading to the more inclusive and adaptive governance of water resources [85].



Furthermore, while powerful actors, such as governments or large corporations, tend to dominate local communities in terms of water management decisions, there is a possibility that grassroots discourses can democratize water governance. This process can lead to reconfigurations of the actors involved, the decision-making processes, and the spatial scales at which water resources are managed [91].





3. The Role of Policy in Water Management


Water resource decision making can be supported through various technical tools, including both administrative and technological approaches. The administrative tools are part of the legal framework of each territory, and they are generally inserted in government policies [92]. Political decisions regarding water determine who has access to the resource, how it is distributed, and who manages it, which can generate dynamics of inclusion or exclusion within territories. In particular, water management in rural and urban areas is deeply influenced by the policies regulating its use, and these decisions can have drastic effects on the quality of life of the local communities and the sustainability of ecosystems.



In urban areas, water management policies tend to prioritize access for domestic and industrial consumption, often leading to the transfer of resources from rural areas to cities. This process not only reflects an imbalance in the distribution of water resources but also highlights the asymmetry in the decision-making power between urban and rural actors. Urban policies often ignore the needs and rights of rural communities that depend on water for their subsistence, such as agriculture and livestock, generating tensions and conflicts between both regions [93].



In rural areas, water policies are marked by fragmentation and a lack of recognition of the specific needs of rural communities. These policies are often designed in urban centers without a deep understanding of the local conditions. This results in the implementation of policies that do not adequately address the particularities of rural territories, exacerbating problems of access, equitable distribution, and sustainability. Additionally, rural communities, with less political and economic power, are often marginalized in decisions about water management, leaving their needs in the background compared to urban or industrial demands.



Decision-making processes in water management are also deeply affected by power dynamics between different actors. Large corporations, private actors, and government entities often have more influence over water policies than rural communities or small producers. This power asymmetry can lead to policies that favor the more powerful actors, leaving rural communities with limited or lower-quality access to water resources. As a result, water policies may not reflect the interests of all water users but rather prioritize the interests of those with more economic or political power [94].



Therefore, it is crucial that water policies include mechanisms for participation and democratization that allow rural communities and other marginalized actors to have a voice in decision making. Without these mechanisms, water management will continue to reproduce inequalities, both between rural and urban areas and among the different social groups that depend on the resource [85,89]. Participatory governance in water management can offer a way to mitigate these problems by ensuring that policies respond to the needs of all parties involved and promote the equitable and sustainable use of the resource. Finally, effective water governance requires a multi-stakeholder approach, where policies are designed to address both the infrastructure and the socioeconomic and environmental dimensions of water management [95,96].




4. Bourdieu’s Framework


Pierre Bourdieu has been one of the most influential sociologists in history, and his theories continue to be extensively used across a wide range of fields to comprehend social dynamics and power relations. His ideas revolve around understanding the dynamics within social fields through the interplay of capital, fields, and habitus. By combining anthropology, sociology, and philosophy, his approach focuses on how different forms of capital—economic, social, cultural, and symbolic—affect social interactions and power structures within distinct social spaces [97]. Power is both the main interest of practice and the engine of field dynamics in Bourdieu’s theory. Bourdieu aligns all practices through the logic of domination [98]. Bourdieu defines the field as an arena where conflict arises among the actors seeking access to specific resources that define it; this structure is determined by the relationships between the involved actors [49]. Each field is organized around specific problems and interests, motivating the participants to invest in it. The “field” encompasses two aspects: the social position of the actors, which is influenced by the number of different types of capital, as well as the symbolic positions or attitudes that these individuals adopt. Various forms of capital differ in value and distribution within fields, establishing a hierarchical structure with unequal relations among actors who may not have direct interaction. Dominant figures in the field can enforce both formal and informal rules, primary objectives, and entry criteria that reflect not only a power relationship but also an element of domination [99]. Field theory is pertinent for understanding dominant figures but may be less applicable to the subordinate and peripheral actors who are not as significantly impacted by the influences and dynamics of the field.



Pierre Bourdieu’s sociological theory emphasizes the central role of capital concepts in understanding social dynamics and power distribution within different social fields. He classifies capital into four main forms: economic, social, cultural, and symbolic. Economic capital encompasses the financial and material resources owned by an individual or group, such as money, properties, and other assets that can be readily converted into cash. This type of capital can be quickly and directly changed into money and may also be formalized through property rights [100]. Social capital refers to the resources that stem from belonging to a network or group of more or less institutionalized relationships characterized by mutual acquaintance and recognition. Members of this network have access to various benefits through their social connections. Social capital comprises social obligations (“connections”), which, under specific conditions, can be converted into economic capital and could even be formalized as a title of nobility [101]. Cultural capital can exist in three forms: embodied, as long-lasting dispositions of the mind and body; objectified, as cultural goods such as books, works of art, or scientific instruments; and institutionalized, in the form of educational qualifications. It is not transferred instantaneously but requires a process of acquisition that involves accumulating knowledge and skills over time [101]. According to Pierre Bourdieu [102], symbolic capital is a form of capital related to perception and recognition within a specific social field. It includes resources such as prestige, honor, and attention that an individual or group possesses due to their cultural, social, or economic capital. Such forms of capital influence how individuals are perceived and treated by others in society and can be utilized to gain additional advantages or maintain one’s social position. In each field, agents use these forms of capital to maintain or improve their position within the hierarchy. The relationship between the types of capital and the field is dynamic; agents can transform one type of capital into another depending on the conditions of the field and their abilities to maneuver within it. For example, a person can use their social capital (connections) to gain access to opportunities that increase their economic capital (wealth) or cultural capital (educational credentials).



Another important concept is habitus. Pierre Bourdieu defines it as the internalized and enduring dispositions that shape individuals’ perceptions, thoughts, and actions. These dispositions result from the inculcation of social and cultural structures and often operate unconsciously, guiding individuals in their everyday interactions across various fields [103]. Thus, habitus not only reflects the social conditions of its production but also actively influences how individuals engage with and respond to those conditions. This interplay between structure and agency is central to understanding the reproduction and transformation of social structures within Bourdieu’s theory.



Within Bourdieu’s theory, space plays a key role in the arrangement of the social field. The spatialization of the analysis is essential to capture the unique socioeconomic and cultural dynamics at play in each area. Through spatialization, it is possible to visualize how access to capital and power relations are distributed geographically, allowing for a deeper analysis of inequalities in resource management.



Bourdieu’s work emphasizes understanding how social positions, dispositions, and choices are relationally defined by individuals’ practices within a system. He argues that direct comparisons of isolated traits can misrepresent structural differences or similarities; therefore, comparisons should be made across entire systems. The idea of “distinction” refers to the relational properties that exist through connections to other properties rather than innate qualities [103]. This highlights the concept of social space, where positions are defined by their relations to others, reflecting proximity, distance, and hierarchy. The social space is organized so that agents or groups are distributed according to their positions in the statistical distributions of economic and cultural capital. Agents have more in common when they are closer in these dimensions. The distances on paper reflect social distances. In the main dimension, those with significant capital, such as entrepreneurs and professors, oppose those without, such as unskilled workers. The structure of capital, meaning the relative weight of economic and cultural capital, also creates opposition, such as between professors and entrepreneurs. These capital differences lead to variations in dispositions and positions, translating into different practices and goods, which form a coherent system of habitus according to the social class position (Figure 2). Elaborating on the social space, which is an abstract reality that structures the practices and representations of social agents, enables the construction of theoretical classes based on the primary factors shaping social practices. This classification not only describes empirical realities but, akin to an effective taxonomic system, also forecasts other properties, clustering similar agents and distinguishing them from others.



Figure 2 illustrates how different levels of economic and cultural capital influence not only personal preferences but also political tendencies. For example, people with high cultural capital tend to enjoy more intellectual or cultural activities, such as chess, mountaineering, piano, or golf, while those with high economic capital enjoy more exclusive activities like golf, hunting, and consuming luxury products like champagne. Those with low cultural and economic capital tend to engage in more popular and accessible activities, such as soccer and beer consumption, and people with low cultural but high economic capital tend to enjoy more traditional or working-class-related activities, such as fishing and drinking wine. Each of these social groups also has different political tendencies, with a clear division between voting for the left (lower economic capital sectors) and voting for the right (higher economic capital sectors).




5. Engineering Method


Engineering is often viewed with condescension, even among those who recognize the cultural importance of science and technology. This perspective reduces engineering to merely applied science, ignoring the distinct theoretical and epistemological frameworks that differentiate it from the physical sciences. While science seeks universal truths about the natural world, engineering operates within a context-specific, socially driven framework [104]. A clear example is the development of renewable energy infrastructure, where engineers have had to adapt global technologies to local needs and resources. Engineering is often treated in academic programs as a black box, a step in the technological innovation process, or a matter of technical problem solving. However, Science and Technology Studies scholarship has generated a richer understanding of technological innovation as a complex social process. In order to fully appreciate engineering, it is important to understand how engineers enable this process of selective knowledge exploitation, which exemplifies a distinctive form of rationality compared to science [105]. Engineering problems and solutions are inherently context dependent. Engineers generate the knowledge needed to solve the problems they define by selectively appropriating scientific or other knowledge and transforming it into engineering knowledge. Engineering reasoning is highly complex, as it is inseparable from the particularities of intentionality, contingency, voluntariness, and value-laden contexts. This reasoning cannot be uncovered by applying a generic solution methodology; rather, it is through the explicit valuation and the specific process of defining engineering problems and developing solutions that the unique reasoning and method of engineering are manifested [104,105].



In the last century, engineers have commonly assumed that “design” or, more precisely, the ability to design is the fundamental element linking engineering and technological development. Design is a creative and adaptive activity inherent to human abilities, which not only seeks efficient technical solutions but also takes social and cultural factors into account. This process has been observed in green infrastructure projects, where engineers design solutions that respect local ecosystems and social needs. Therefore, design involves adapting the means to achieve a predetermined end. The ability to design demonstrates technological aptitude and successful creations by engineers. This requires combining numerous elements into a carefully crafted whole to achieve a preconceived goal. Essentially, design involves a structure or pattern and a particular arrangement of details or component parts [106]. In other words, design shapes the way in which engineers reason about problems. This mode of thinking is fundamentally at odds with the notions of universality and context-free engineering concepts, which philosophers have promoted as the only valid approaches derived from validations through mathematics and modern physics. Additionally, design is inextricably linked to historical, sociocultural, and personal factors [107].



The objectives of any engineering research project must be grounded in the generation of new knowledge. As previously established, this new knowledge takes the form of “know-how” or, more precisely, “know how to do something”. In this proposal, the novelty is inherently tied to a reconceived approach to water management. As will be evident in this paper, previously overlooked elements are incorporated, and engineering-driven technological tools are leveraged. The main aim is to enhance water management, with the new knowledge translating into a more effective and innovative way of addressing this task.



In the framework design, we use a process planning heuristic: “the use of heuristics to find the best solution in a poorly understood situation with the available resources” [108]. This introduces the concept of the state of the art, which refers to a set of heuristics. A heuristic is any approach that provides guidance in solving a problem and can be based on different states of the art. Heuristics, as guiding tools in solving complex problems, allow engineers to progress iteratively, adjusting their solutions as new variables arise. We use various heuristics as a basis to link the social and cultural elements in water management, resulting in a unified model that addresses population phenomena based on individual and institutional behaviors within a social field. The central idea is to incorporate the complexity of human behavior in the water management planning process. The engineering method is based on decision making that guides the process toward a desired final state, using heuristics that engineers select according to their current knowledge and the context in which they operate. This process is dynamic and adaptive, recognizing that both the problem and available resources may change over time. Heuristics, as key elements of the method, not only direct the course of action but also reflect the limitations and possibilities of knowledge at any given moment. As the engineer progresses from an initial state to a final state, continuous evaluations are made to ensure that the chosen direction remains the most appropriate given the changing circumstances and new societal goals that may emerge. The notion of a “best” engineering solution is inherently subjective, as it is shaped by the individual engineer’s knowledge, experience, and understanding of the current state of the art. This subjectivity is further compounded by the inherent uncertainty and incomplete information that characterize engineering problems. Consequently, the engineering methodology is closely tied to the subjective determination of the “best” solution, which is influenced by personal and contextual considerations [48].



We propose an approach to water management as a social field, positioning social dynamics, capital structure, and power distribution as the central consideration in the planning process. However, simply stating the habitus and capital as the core elements is insufficient. Rather, the framework must be able to meaningfully connect these with the relevant aspects of water management and provide a means to support planning efforts. Guided by the design principles of engineering, we put forward a framework that integrates the complete cycle of technological development. This framework is intended to facilitate water management by incorporating new elements and employing a participatory approach to generate scenarios, not only to ensure that local communities have a voice in decision making but also to promote sustainable and culturally appropriate solutions. Given the complexity of a social field, uncertainty is inherent in the conceptualization of these systems. There is a significant lack of information about the various elements present in the field, making it impossible to achieve complete knowledge. To address this challenge, an agent-based modeling framework is particularly well suited for water management, as it allows for the simulation of interactions between multiple actors, from individual users to governmental institutions. This approach facilitates the creation of scenarios that reflect the diversity of behaviors and decisions affecting water use, providing a more flexible tool for water management planning. A key aspect of this approach is to avoid oversimplifications that overlook essential elements and instead strive to incorporate the inherent complexity of the field. The goal is to optimize water availability by considering fundamental societal well-being factors that have traditionally been neglected due to their complexity.




6. Water Management as a Social Field


By applying Bourdieu’s concept of the social field to water management, we seek to understand how diverse agents interact within a structured space defined by their access and control over various forms of capital [101]. This social field is a dynamic arena where agents, including government, private companies, academic institutions, non-governmental organizations, and the population, navigate their positions based on their capital accumulation. The social field of water management is characterized by the distribution of different forms of capital among its agents [85,109].



Economic capital shapes water management practices and policies, since individuals, communities, and institutions can mobilize financial resources and assets to influence these domains [110]. This form of capital impacts not only the infrastructure and technologies that are developed and deployed but also the power dynamics within water governance. Economic capital significantly shapes investment in water infrastructure, including dams, reservoirs, pipelines, and treatment plants. Wealthier communities or regions are more likely to access advanced water technologies and infrastructure, securing a more reliable and higher-quality water supply, which also heavily influences access to water resources, especially in areas with constrained or privatized water supplies. Affluent individuals and corporations can leverage their financial resources to acquire water rights, invest in private water infrastructure, or engage in legal battles to secure water access, frequently to the detriment of less affluent communities. This can result in policies and practices that prioritize the interests of the wealthy, potentially neglecting the needs and rights of economically disadvantaged populations. In summary, the perspective of Bourdieu’s theory suggests that economic capital is a significant force in shaping the distribution of water resources. Acknowledging the influence of economic capital is crucial to address the inequalities it may perpetuate and to formulate more equitable and sustainable strategies for water management.



Cultural capital in the water management social field could seem like scientific knowledge, referring to the understanding of hydrological systems, water management technologies, cultural knowledge, and the local customs, traditions, and practices related to water use and conservation, which can vary widely between local communities around the world [110]. Perceptions encompass the beliefs and values associated with water, such as its perceived importance, respect for water bodies, and awareness of conservation needs. Education is the level of formal and informal education related to water management that individuals and institutions possess. Cultural capital is crucial for understanding the social dynamics of water management; it shapes how management strategies are adopted and the effectiveness of interventions. Recognizing and utilizing this cultural capital is vital for developing more inclusive and sustainable water policies that resonate with the target communities.



Social capital in water management, as viewed through Bourdieu’s theory, is a vital resource that enhances the capacity of individuals and communities to manage water resources effectively [110]. It facilitates co-operation, information exchange, access to resources, and conflict resolution, all of which are essential for sustainable water management. Communities often rely on social capital to effectively manage their water resources. Strong social connections enable collective action, allowing residents to address water scarcity, maintain local infrastructure, and advocate for improved water services. Such collective efforts are particularly vital in rural or marginalized areas that lack formal institutional support. Effective water management is based on trust and mutual support within a network. In the context of water, trust among community members, between communities and authorities, or across different agents is crucial for successfully implementing water management strategies. This trust enables co-operation, minimizes conflicts over water use, and encourages compliance with agreed water management practices. Social capital can help resolve conflicts over water resources. In areas with water scarcity or competition, strong social ties can enable constructive dialog and negotiation to find mutually agreeable solutions. Social capital can also reduce the risk of escalating conflicts and support long-term peace efforts in water-stressed regions.



Lastly, symbolic capital is a form of power that legitimizes certain actors, practices, and narratives within the field. It plays a crucial role in shaping how water resources are governed, how policies are formulated, and how different agents can assert their interests and values in the management of water. Recognizing the role of symbolic capital is essential for understanding the dynamics of power and influence in water management and for developing more inclusive and equitable approaches to governance. Building on the application of Bourdieu’s theoretical concepts to water management, the following section proposes how the social space for water management should be designed.



The scale at which environmental resources are managed plays a crucial role in determining the effectiveness of management strategies [111]. According to Max Neef’s Human Scale Development [112], water management as a social field should involve a participatory and decentralized approach, where local communities play a central role. This model emphasizes the active engagement of communities in identifying their water-related needs and developing tailored solutions [94]. By integrating local knowledge and ensuring community participation in decision-making processes, more sustainable water management practices have been observed. This approach not only promotes environmental sustainability but also aligns with fundamental human needs such as participation, identity, and the protection of vital resources [93,113]. Community participation not only strengthens the legitimacy of decisions but also facilitates the implementation of solutions adapted to local conditions, which is essential in a field as complex and diverse as water management [114,115]. Previous studies have shown that management systems involving local communities tend to be more effective and sustainable in the long term compared to centralized or technocratic approaches [94,116,117]. Therefore, the proposed approach is supported by the existing literature and is based on documented experiences in multiple studies [118,119].



This paper builds the social space for water management in the department of Magdalena, Colombia (Figure 3), which is experiencing water scarcity. To gather local insights into water management challenges, the study conducted a series of interviews, surveys, and workshops across the region, engaging a wide range of stakeholders (Figure 4). These engagements took place in five urban areas: Pivijay, Plato, Pueblo Viejo, Fundación, and El Banco; three rural areas of Santa Marta: El Trompito, Buritaca, and 20 de Octubre; one rural area of Pueblo Viejo: Tasajera; one rural area of Ciénaga: Nueva Esperanza; one rural area of Zona Bananera: Sevilla; and the stilt towns of Buenavista and Nueva Venecia. These interactions provided valuable perspectives from diverse stakeholders across the region.



The process included the creation of causal loop diagrams (CLDs) called “Water Scarcity”, which was used as a tool to identify the relationships between the variables affecting water scarcity in Magdalena department, Colombia [120]. This approach allowed the participants to visualize how different factors, such as climate, infrastructure, and water usage, interact with the issue, as well as identify the power relationships between the actors involved in water management in the territory [121].



The workshops included 13 sessions in different areas of Magdalena department. The participants represented various rural and urban communities, including community leaders and citizens who are directly affected by water scarcity, as well as some local authorities. The process for each workshop progressed from collecting ideas using sticky notes to the creation of a visual map that integrated the key points identified by the participants. This map was constructed by facilitators using Vensim software Version 10.1.5 [122].



The causal loop diagram (Figure 5) revealed that water scarcity in Magdalena department stems from multiple interconnected factors, including climate change, deforestation, poor water quality, high agricultural and livestock water demands, infrastructure deficiencies, and governance challenges. These factors create reinforcing feedback loops that perpetuate and exacerbate the water scarcity issue. The analysis underscores the need for an interdisciplinary approach that addresses both technical and social factors.



Next, a survey was conducted to assess the community’s perception of water scarcity, water management, and social capital. A total of 414 surveys were applied, and the questions are available in the Supplementary Materials. Significant differences were found in how urban and rural populations perceive water scarcity and management. Urban residents reported more severe water scarcity, which was attributed to watershed degradation, reduced river flows, decreased rainfall, illegal water extraction, and rapid population growth [123]. In contrast, rural residents living closer to natural water sources exhibited more neutral perceptions, suggesting their proximity buffers them from severe scarcity. Bourdieu’s theory of habitus provides a useful lens in terms of understanding the social dynamics shaping these divergent perceptions and responses to water scarcity between urban and rural communities.



Following this, a final workshop was held in the 13 sessions, where Bourdieu’s theory of social space was explained. During the workshop, the various actors involved in the social field of water management were identified and collectively positioned within the social space [117]. At the end of each workshop, a social space diagram for water management was produced, which was then compiled into the single diagram shown in Figure 6.



It is important to note that although the aim was to achieve the highest possible representativeness, some key actors may have been absent, which could have influenced the collective perceptions captured in the diagrams. Nonetheless, the results accurately reflect the perceptions and experiences of the local communities, although they may not necessarily represent a comprehensive technical view of the issue.



The above diagram reflects the interaction between the different social actors who influence water management in the local context. According to Bourdieu’s theory, actors are positioned in the diagram based on their cultural and economic capital.



In the upper right quadrant (high economic capital and low cultural capital), there are energy, agricultural, and mining companies that have significant control over resources due to their economic power but possess less cultural capital. In the upper left quadrant (high cultural capital and low economic capital), public sector leaders and academic and scientific institutions stand out, having a high level of knowledge but less direct economic influence. In the lower left quadrant (low economic and high cultural capital), actors such as Indigenous Peoples and traditional communities are positioned, having limited access to economic resources but a high level of local and cultural knowledge. In the lower right quadrant (low cultural and high economic capital), small market owners and unskilled workers are found, having limited access to both technical knowledge and economic resources.



The diagram reflects Bourdieu’s theory, showing how access to resources and power in water management is unequally distributed among actors based on their economic and cultural capital. According to Bourdieu’s theory, positions in the social field are determined by the accumulation of different forms of capital, and those with greater economic capital have more decision-making power, while those with more cultural capital have deep local knowledge, but their influence is limited by their lack of economic resources. The results reinforce previous studies that emphasize the importance of participatory water management. It is essential to place local communities at the center of decision making to achieve equitable and sustainable distribution of water resources. These approaches allow communities to identify their needs and develop solutions tailored to their specific conditions, especially in contexts of water scarcity [69,94,124].



Participatory modeling enables local communities, even with less economic capital, to significantly contribute to water management by leveraging their cultural and contextual knowledge. This process not only promotes equity in water resource distribution but also greater legitimacy in decision making. Involving communities in identifying problems and designing tailored solutions ensures more sustainable and just management, which is essential for effectively and durably addressing the challenges of water scarcity [125,126,127].



During the workshops held in Magdalena department, an analysis approach based on spatialization was used to ensure that the specific social, economic, and cultural dynamics of each area were adequately captured. It is important to emphasize that this spatialization process should be carried out for each specific study area, as social, economic, and cultural dynamics vary significantly depending on the context. In the workshops, this translated into identifying unique factors that affect water management in rural and urban communities, such as differences in the access, distribution, and governance of water resources. It is recommended that this spatialization be carried out at the most local level possible, considering the region’s habitus, as this ensures a more precise and relevant understanding of the interactions and power relations that influence water management. For example, in rural areas, local knowledge of watershed management and sustainable water use can be a valuable resource, but it is often subordinated to political decisions that prioritize urban needs. Bourdieu’s theory offers a valuable framework for analyzing these dynamics, including how power and resources are distributed among different actors based on their economic and cultural capital.



Applying this approach to specific contexts, such as Magdalena department in Colombia, can provide valuable insights to inform more equitable and effective policies and strategies for water management. However, it is crucial to adapt this methodology to other geographic and social settings to ensure that the proposed solutions are relevant and sustainable for each situation. By applying this territorial analysis in the workshops, it was possible to reflect how regional inequalities in access to water depend not only on infrastructure but also on the power dynamics that cut across different communities.




7. Agent-Based Modeling of Social Fields


Agent-based modeling (ABM) is well suited for simulating complex social systems, as it can capture emergent phenomena from the interactions among individual agents. Unlike traditional top–down approaches, ABM allows for a bottom–up perspective, where the global behavior of a system arises from the local interactions of its components. This is crucial for accurately representing inherently complex social systems characterized by nonlinear interactions, adaptation, and self-organization. The flexibility of ABM in modeling individual behaviors, social interactions, and environmental influences makes it an ideal tool for exploring the dynamics of social fields and understanding the mechanisms that drive social change. Through ABM, researchers can simulate and analyze how individual actions aggregate to influence the overall system dynamics, providing valuable insights that are difficult to achieve using more traditional modeling techniques [128]. The reviewed literature highlights how ABM has bridged theoretical frameworks with practical scenarios, ranging from opinion dynamics to environmental management, disaster risk reduction, and economic decision making [129,130,131,132,133,134,135,136,137]. These studies collectively demonstrate the capacity of ABM to simulate intricate interactions within systems, providing a valuable tool for both predictive analysis and policy development. By connecting these findings with the broader discourse on social field modeling, this study establishes a foundation for integrating ABM with Bourdieu’s theoretical constructs, ultimately improving our understanding of social dynamics in water management. It is important to note that this study proposes the use of Bourdieu’s theory as a conceptual tool to design models that more accurately reflect the dynamic interactions within the social field of water management. Through these concepts of cultural, economic, and social capital, the aim is to create a more robust framework that allows for a better understanding of how power positions and social relationships influence decision making regarding the use of water resources.



ABM has become increasingly important in water management research; the models have been integrated with traditional water distribution models to simulate the interactions between various agents, such as governing bodies, operational managers, and water consumers, under different stress scenarios, such as climate change or infrastructure failures [138,139,140]. This approach has proven effective in exploring the long-term impacts on system sustainability and resilience [141]. Additionally, agent-based models have been used to understand public perceptions and behaviors regarding water reuse, revealing how factors such as market conditions, quality assessments, and environmental awareness shape decision making within a community context [142]. These models enable a more comprehensive analysis of water systems by incorporating dynamic and often nonlinear interactions between social, economic, and environmental components, thereby offering valuable insights for policy development and system optimization. ABM has also been used to explore how Bourdieu’s concepts of social and cultural capital influence social dynamics in educational and institutional settings, simulating how individuals and groups interact within specific social fields. Henrickson (2002) [143] analyzed how cultural and social capital affects college choice processes, demonstrating that these forms of capital can significantly impact outcomes in ways that are consistent with Bourdieu’s theory, gaining deeper insights into the mechanisms driving the reproduction or transformation of social inequalities.



ABM could be integrated with hydrological simulations to enhance water management strategies. These integrated models provide a more comprehensive understanding of how social factors, such as public awareness and expert influence, interact with hydrological processes, such as groundwater flow and contaminant transport [144,145,146]. This approach enables the development of more robust and adaptive water management strategies that account for both environmental and social complexities, leading to more sustainable and equitable outcomes. Integrating agent-based models with hydrological simulations provides a powerful approach to understanding the complex dynamics of water management. This integrated modeling framework offers insights into the intricate relationships between human behavior, water resource utilization, and environmental consequences.



In summary, an agent-based model based on Bourdieu’s theory can effectively integrate social dynamics, capital structures, and power distributions as central elements in water management research. This model leverages engineering heuristics to navigate the complex and context-dependent nature of social fields, ensuring that the generated solutions are tailored to the specific sociocultural and economic contexts. By incorporating Bourdieu’s concepts of habitus and capital, the methodology can address the intricacies of human behavior, social interactions, and power relations in water management. This approach aligns with the engineering emphasis on practical problem solving and adaptive design while also enriching the planning process by considering the broader social implications and the dynamic nature of the social field. Overall, this method, which is rooted in the subjective determination of the “best” solution, offers a robust tool for creating innovative and context-sensitive water management strategies that are better suited to the challenges of contemporary society.



ABM is a powerful tool, but it faces challenges similar to other integrative approaches, such as hydrological models and top–down approaches, which also struggle to accurately capture the nonlinear interactions often determined by social, cultural, and environmental factors, as well as the system’s complex dynamics. While ABM is effective in simulating emergent interactions at the local level, it encounters difficulties when scaling these models to broader dynamics [147,148,149,150,151]. In contrast, top–down approaches, although better suited to handle larger spatial and temporal scales, fail to integrate social and cultural factors that are key to comprehensive resource management [119]. This scaling problem is particularly evident when attempting to integrate ABM with traditional models, such as hydrological simulations, which operate on different temporal and spatial scales [152,153,154,155,156,157].



Finally, there is the issue of data availability and validation. ABM requires detailed data on individual behaviors, social networks, and environmental conditions, which are often difficult to obtain. Furthermore, validating the results of an ABM model in the context of social fields is challenging due to the unpredictability of human behavior and the influence of external, unmodeled factors [158,159]. Despite these challenges, ABM remains a valuable tool for exploring social dynamics and developing water management strategies, especially when combined with other modeling techniques and theoretical frameworks [160,161,162].




8. Conclusions


This study examined how Pierre Bourdieu’s sociological theory on social fields, capital, and habitus can be applied to understand the dynamics of power and resource distribution among different actors in Colombia’s water management sector. By visualizing the social field, the analysis revealed how various agents, from government institutions to local communities, navigate their positions based on their access to economic, cultural, social, and symbolic forms of capital. Spatializing the analysis is essential to capture the unique socioeconomic and cultural dynamics at play in a given area.



Integrating agent-based modeling into this approach further improves our ability to simulate and understand these complex social systems. This modeling technique enables the detailed exploration of how individual behaviors and interactions shape the broader dynamics of the social field. When combined with Bourdieu’s theoretical framework, agent-based modeling provides a powerful tool for developing more equitable and effective water management strategies tailored to the specific needs and conditions of each community.



Our analysis indicates that integrating Bourdieu’s sociological theory with engineering methods, emphasizing context-specific problem solving and adaptive design, provides a robust approach to addressing contemporary water management challenges by accounting for the complexities of human behavior, social interactions, and power dynamics in the planning process. The proposed interdisciplinary model does not aim to provide a complete solution to the complexities of human behavior and social interactions. However, this approach is essential for addressing the complexity of water management systems, which involve technical, social, and ecological aspects. By bringing together knowledge from various disciplines, such as engineering, sociology, economics, and environmental sciences, a more comprehensive perspective is created. This allows for a better understanding of the interactions between human behavior, power dynamics, and technical factors, which is crucial for developing solutions that are not only technically feasible but also socially acceptable and environmentally sustainable. This approach comes closer to achieving this goal than traditional approaches. The interdisciplinary model is key in this approach because water management cannot be understood solely from a technical or social perspective. This approach differentiates itself from the more one-dimensional approaches, as it promises to facilitate the development of innovative water management strategies that are tailored to the diverse and changing needs of today’s society.
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Figure 2. The space of social positions and the space of lifestyles [49]. 
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Figure 3. Magdalena department, Colombia. 
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Figure 4. Magdalena department workshops. 
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Figure 5. Magdalena department, Colombia, water scarcity causal loop diagram. 
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Figure 6. Magdalena department, Colombia, water management social field positions. 
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