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Rivers are dynamic social-ecological systems that support societies and ecosystems in a multitude of ways, giving rise to a variety of user groups and competing interests. Environmental flows (e-flows) programs developed to protect riverine environments are often conceived by water managers and researchers. This is despite continued calls for increased public participation to include local communities and Indigenous peoples in the development process. Failure to do so undermines social legitimacy and program effectiveness. In this paper, we describe how adaptive management of e-flows allows an opportunity to incorporate a diversity of stakeholder views through an iterative process. However, to achieve this, stakeholder engagement must be intentionally integrated into the adaptive management cycle. Stakeholder engagement in e-flows allows for the creation of a shared understanding of a river and opens collaborative and innovative management strategies that address multiple axes of uncertainty. Here, we describe a holistic framework that unifies current participatory engagement attempts and existing technical methods into a complete strategy. The framework identifies the primary steps in an e-flows adaptive management cycle, describes potential roles of various stakeholders, and proposes potential engagement tools. Restructuring e-flows methods to adequately include stakeholders requires a shift from being driven by deliverables, such as reports and flow recommendations, to focusing on people-oriented outcomes, such as continuous learning and fostering relationships. While our work has been placed in the context of e-flows, the intentional integration of stakeholder engagement in adaptive management is pertinent to natural resources management generally.
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INTRODUCTION
Rivers and the communities that live with them are inextricably intertwined (Wantzen et al., 2016; Anderson et al., 2019). Our values, beliefs, and cultural understandings of rivers are as dynamic as the flowing waters and extend beyond a biophysical perspective. In the quest to protect freshwater ecosystems worldwide, environmental flows (hereafter e-flows) programs have been developed and instituted that describe and quantify the water a river needs to sustain these complex systems (Arthington et al., 2018). In decades past, the water management sector described rivers in primarily biophysical terms and articulated the river as an entity that could be “objectively known” and managed (Anderson et al., 2019). Increasing awareness of the complexities of river-human-ecology interactions, and the multitude of ways water flows through both social and ecological systems, challenge the notion of the river as a bounded, non-social object (Linton and Budds, 2014). Coupled with calls for more participatory decision-making in e-flows management (Pahl-Wostl et al., 2013; Conallin et al., 2017), this shift in understanding necessitates new management strategies that increase the diversity of perspectives represented by those living in river catchments. This is echoed in the updated 2018 Brisbane Declaration on Environmental Flows, which defines e-flows in relation to “human cultures, economies, sustainable livelihoods, and well-being” and proceeds to outline six statements that explicitly reference the societal, economic, and historical significance of flows (Arthington et al., 2018). The Declaration goes on to call for engagement and empowerment of communities and stakeholders in relation to e-flows and acknowledges the diversity of cultural contexts in which these programs take place. Despite this call, no clear framework for doing so exists. Here, we contribute to this dialogue by proposing an e-flows framework that broadly defines stakeholder groups, delineates their roles, and links purposeful participatory methods to the adaptive management cycle to improve public legitimacy and management outcomes in e-flows.
Rivers and communities are intertwined social-ecological systems that encompass the complex interactions between river ecosystems, human society, and the management structures and institutions that mediate our relationships with rivers. Social-ecological systems are inherently complex and contain multiple dimensions of uncertainty, such as environmental and climactic variables, ecosystem unknowns, and social behaviors and relationships that can be difficult to understand or predict (Rogers et al., 2013). In river management, water flows are more than just a biophysical phase of the hydrologic cycle; they encapsulate cultural, historical, and political narratives of rivers (Bakker, 2012; Perreault, 2014; Anderson et al., 2019). E-flows management thus takes place within an intricate web of physical and abstract hydro-social relationships. Adequately dealing with this level of multi-layered complexity calls for the development of new problem solving approaches within the specific context of the social-ecological system (Stringer et al., 2006; Allan and Watts, 2018; Godden and Ison, 2019).
Major obstacles to the implementation of e-flows programs are often social and political in nature, with researchers citing a lack of effective stakeholder engagement, limited public acceptance, and political reluctance as significant challenges (Le Quesne et al., 2010; Horne et al., 2017; Harwood et al., 2018). In response, there have been calls to improve stakeholder engagement in the e-flows assessment process, increasing the diversity of perspectives represented and reflecting the values of communities within the catchment (Horne et al., 2017; Arthington et al., 2018). These calls for increased engagement in e-flows take place within the context of a wider “participatory turn” in water management (Holzkämper et al., 2012; Cook et al., 2013; Harrington, 2017). Arguments for increased participation in water management are numerous, from claims regarding increased cost-efficiency to a normative call for just and equitable environmental management practices (Stoll-Kleemann and Welp, 2006; Stringer et al., 2006). However, stakeholder engagement and community participation often fail to deliver the desired outcomes, likely because they are implemented in an ad-hoc manner and only achieve a shallow level of engagement (Cook et al., 2013; Jager et al., 2016; Conallin et al., 2017). Perhaps not surprisingly, suitable frameworks to guide participatory processes are lacking, particularly for water practitioners attempting to achieve multiple cultural, ecological, and economic objectives.
In the last half century, as the science and practice of e-flows has evolved, a variety of different actors have been involved in developing and implementing e-flows assessment methods. Originally the discipline was dominated by researchers and biologists focused on the relationships between river flows and a single species, developing hydrologic methodologies to determine the necessary amount of in-stream water (Tennant, 1976; Tharme, 2003; Poff and Matthews, 2013). While these early methods are described as being purely technical, there was some consideration given to social-flow relationships both in the development of e-flows methodologies and in river regulation in the early 20th century. Both recreational and aesthetic values were considered in the original Tennant method and included in river studies in the US at the time (Brown et al., 1991; Anderson et al., 2019). In the 1980s concern about pollution, over-allocation, and ecosystem integrity led to the development of more nuanced e-flows methodologies including habitat simulation, hydraulic rating, and more sophisticated hydrologic methods (Tharme, 2003; Poff et al., 2017). However, many of these early e-flow assessments were still top-down, expert driven projects with limited community or Indigenous involvement.
Over time, the scope of participants has widened to include conservationists, ecologists, water managers, policy makers, and NGOs as more “holistic” methodologies rose to prominence in the 1990s and early 2000s (Poff and Matthews, 2013; Poff et al., 2017). Holistic approaches such as the Building Block Methodology (BBM) and Downstream Response to Imposed Flow Transformation (DRIFT) described social components and objectives, but articulated the social and biophysical as discrete systems and still relied almost exclusively on the guidance of expert opinion (King and Louw, 1998; King et al., 2003; Anderson et al., 2019). Some researchers have used the Ecological Limits of Hydrologic Alteration (ELOHA) framework, a holistic approach to e-flows assessments, as a foundation to explore methods of increasing engagement and incorporating a greater understanding of social-ecological relationships (Poff et al., 2010; Finn and Jackson, 2011; Martin et al., 2015). The Sustainable Management of Hydrologic Alterations (SUMHA) framework tailored ELOHA to explicitly consider stakeholder objectives and to garner participation from water agencies and stakeholders in a process of organizational learning (Pahl-Wostl et al., 2013). While these approaches made significant advances in how we conceptualize flow-ecology dynamics and proposed robust strategies for e-flows management, they are still limited by an imposed division between nature and society (Conallin et al., 2018b; Anderson et al., 2019).
The growing awareness of the myriad of ways in which society and water are intimately connected and even co-constituted is evident in the fields of engineering and geography through scholarship on socio-hydrology and hydrosocial studies respectively (Linton and Budds, 2014; Wesselink et al., 2017; Ross and Chang, 2020). At the same time, the field of ecology has articulated the concept of social-ecological systems to describe highly complex systems where society and ecosystems are coupled through both direct and indirect interactions that are difficult to predict (Ostrom, 2009; Maldonado et al., 2020). Adequately handling the complexity of the interactions between flows, societies, and ecosystems will require new e-flows methodologies that reflect multiple perspectives of the river and articulate these relationships. These methodologies will require greater involvement from all involved stakeholders to capture these interactions.
Recent projects within the last few decades have explicitly explored the connections between society and rivers in attempts to characterize and even quantify social-flow relationships as well as expand the scope of who is involved in the process of water management. These projects challenge previous approaches that divided rivers and societies into separate entities and explore social-ecological relations in new ways. They push us to think beyond a unidirectional transfer of ecosystem services to recognize multiple value systems for rivers and to develop pluralistic management approaches (Himes and Muraca, 2018; Anderson et al., 2019).
In India, there has been significant work in the last decade to address issues regarding the management of the Ganga River, an extremely large and complex basin with millions of people dependent on the river for economic, cultural, and spiritual needs. Several projects related to the introduction of e-flows to the Ganga have incorporated significant stakeholder involvement, recruiting a wide array of participants for the process-from international experts and NGOs to local community members and water users (O’Keefe et al., 2012). An emphasis was placed on developing approaches to integrate social and cultural views into e-flows including an analysis of the cultural and spiritual water requirements within an e-flows assessment on the Ganga (Lokgariwar et al., 2014; Kaushal et al., 2019). In Australia and New Zealand the concept of cultural flows has been introduced in parallel to e-flows to better articulate and protect Maori and Aboriginal stakes in river catchments. These regions have even been home to emerging collaborative partnerships between Indigenous organizations and water managers (Tipa and Nelson, 2008; Memon and Kirk, 2012; Crow et al., 2018; Jackson and Nias, 2019). While we have presented a few examples of the current advances in the ways e-flows management can be expanded to include social-flow interactions more adequately, Anderson et al. (2019) investigates a wide range of these projects, making it clear that this work is happening on a global scale.
The need to incorporate both technical and social knowledge bases into e-flows assessments requires a broader management framework that can accommodate the manifold uncertainties arising from transdisciplinary collaboration. Adaptive management fills this need, as it provides tools for managers to deal with the complexity and uncertainty inherent in social-ecological systems (Holling, 1978; Pahl-Wostl et al., 2008; Webb et al., 2018). Adaptive management is a learning-by-doing approach intended to foster cyclical learning through time. Conceptualizations of learning within this process can vary depending on what the focus of learning is, who does the learning, and how it is used (Allan and Watts, 2018). Webb et al. (2018) identified two main learning themes in adaptive management. At one end of the spectrum are programs centered on technical learning largely supported by modeling; on the other, there are programs centered on learning about the social-ecological system supported through social learning undertaken by diverse participants. Strategic, collaborative, and participatory frameworks have all been proposed as different takes on the adaptive management concept. These versions all depend heavily on stakeholder engagement and suggest structured approaches to decision making and knowledge production (Roux and Foxcroft, 2011; Fujitani et al., 2017; Kingsford et al., 2017; Allan and Watts, 2018). Adaptive management provides a useful scaffold to incorporate multiple types of knowledge, diverse values, empirical data, and institutions in e-flows management. While attempts at socially aware and culturally appropriate e-flows assessments are already occurring across the world, incorporating a structured learning process will allow for knowledge transfer within and between e-flows programs. Calls for stakeholder engagement often sit outside current flow assessment methodologies, making it difficult to contextualize and integrate participatory methods (Conallin et al., 2017). To address this gap, we propose a general framework that meaningfully engages diverse stakeholders for the purpose of developing e-flows targets, assessment, and management. This framework places the participatory process around the adaptive management framework, building in key opportunities for engagement at every stage.
ADDRESSING CHALLENGES FOR THE MANAGEMENT OF E-FLOWS
E-flows implementation faces significant challenges, the most critical of which are socio-political in nature. E-flows management takes place in the context of complex social-ecological systems which are inherently dynamic, uncertain environments. The challenges of managing river systems under natural climactic and environmental uncertainty are compounded by the risks associated with anthropogenic climate change and complicated by changeable socio-political contexts. While adaptive management was developed specifically to address issues of complexity and uncertainty, the approach has not always been successful at creating sustained management programs or instigating significant policy changes. Many approaches to adaptive management are not intentionally designed to address the social challenges faced by e-flows implementation. Working with diverse stakeholders within a catchment is challenging, as participants will come to the process with different values, perspectives, and knowledge. Supporting social learning and fostering community ownership within management processes is essential for building program legitimacy. Below, we discuss four ways that an adaptive management approach based in participatory methods addresses the social challenges presented by e-flows management.
Co-Production of Knowledge
All knowledge is inevitably situated and partial, and management strategies that are limited to a few forms of knowledge have limited capacity to generate innovative solutions to complex problems (Haraway, 1988; Matos, 2015; Rosendahl et al., 2015). Transdisciplinary knowledge co-production that embeds scientific and non-scientific knowledge into research and decision-making processes has become a popular, yet difficult, objective within water governance (Brugnach and Özerol, 2019). Knowledge co-production is a pluralistic approach that appreciates the validity and relevance of multiple ways of knowing. It brings together diverse sources of knowledge and perspectives to generate “context-specific knowledge” and explore potential strategies for tackling complex problems (Miller et al., 2008; Reyers et al., 2015; Norström et al., 2020). Engaging with different participants in knowledge co-production also improves social networks, cultivates communal ownership, and builds capacity for future engagement (Armitage et al., 2011). Co-production can take place in a multitude of ways, depending on how the participation is structured and the overarching goals of the program. Within adaptive management, co-production can occur from the point of project initiation, when problems are identified, framed, and placed in context. Conceptual and quantitative models can be produced using multiple sources of knowledge and are based on the values and inquiries of the participatory group. Adaptive management learning processes that integrate specialist, local, traditional, and social knowledge bases widen the scope of learning that can be pursued and open up new avenues of exploration in the management of the system (Fernández-Giménez et al., 2019).
The National Freshwater Ecosystem Priority Areas (NFEPA) project in South Africa is a useful example of a national-scale freshwater conservation project that targeted knowledge co-production. Over the course of the 4-year process, over 450 participants were involved in the co-production of conservation goals and spatial data that ultimately resulted in an atlas and implementation manual identifying 37 areas for conservation. These results are available freely on a supporting website and uptake within the identified areas has been promising (Nel et al., 2016). The NFEPA process was designed to create space for dialogue among participants from diverse knowledge backgrounds and they successfully engaged in the co-production from developing objectives to the final production of maps.
Social Learning to Support Adaptive Management
Pairing social and technical learning through iterative processes enables wider stakeholder ownership of knowledge and can encourage collaborative environmental governance (Wyborn, 2015; McLoughlin et al., 2016; van der Molen, 2018). Adaptive management traditionally uses a single-loop learning approach, in which management is conceptualized as an experiment within the system and the results of the experiment are used to update knowledge of the system and design new management strategies (Stem et al., 2005). While this type of learning is critical to the adaptive management process, this style of deductive hypothesis testing assumes the ongoing validity of underlying values and goals. Double-loop learning describes institutional learning, in which the decision making processes themselves are updated through iterations (Williams, 2011; Petersen et al., 2014; Williams and Brown, 2018). Beyond this, triple-loop learning encourages stakeholders to revisit and modify the underlying beliefs and perceptions that drive management (Pahl-Wostl, 2006). Social learning to support institutional reframing occurs through collective processes in which learners’ beliefs are updated through successive interactions with one another and the management environment (Pahl-Wostl, 2006; Fernández-Giménez et al., 2019).
Embedding social learning into the adaptive management cycle will allow us to critically examine the institutional frameworks and processes that govern e-flows management Assessing these structures and making incremental changes will allow a shift from rigid river regulation to a “multifunctional dynamic landscape” (Pahl-Wostl, 2006). Social learning, whether structured within management or emerging organically, is highly dependent on “learning spaces” where stakeholders can share knowledge, develop common understandings, and work cooperatively (Lumosi et al., 2019). Moellenkamp et al. (2010) explored how intentional, informal participatory processes run in parallel to the formal water management process facilitated social learning and provided avenues for experimentation. They found that the participatory process facilitated institutional changes and shifts in applied methodology for management (Moellenkamp et al., 2010). Restructuring the adaptive management cycle to create learning spaces through the integration of participatory processes allows participants to engage in critical social learning about the relationships between stakeholders, management frameworks, and the river.
Recognizing and Addressing Multiple Sources of Uncertainty
E-flows management is complicated by the many uncertainties associated with a complex social-ecological system, including unknown flow-ecology relationships (Bunn and Arthington, 2002; Lynch et al., 2018; Watts et al., 2020), measurement uncertainty (Stewardson and Rutherfurd, 2006; Goguen et al., 2020), the dynamics of a non-stationary climate and environment (Milly et al., 2008; ThompsonLaizé et al., 2014; Poff, 2018), and ambiguous or shifting social perceptions of the water resource systems (Gleick, 2000; Hogl et al., 2012). Adaptive management seeks to reduce the uncertainties associated with ecological systems through a structured learning process (Williams, 2011; Webb et al., 2017). Recognition and transparency regarding uncertainty fosters trust between stakeholder groups and increases acceptance of management programs despite these uncertainties (Acreman et al., 2014; Conallin et al., 2018b). Previous literature on e-flows and water resources has focused on ecological and environmental uncertainty; social-ecological relationships and perceptions of management represent another axis of uncertainty. This will be increasingly the case as we adjust to managing under a changing climate where different sets of trade-offs and decisions will be needed (Horne et al., in review). Societal and personal values regarding the environment also shift over time (Kendal and Raymond, 2019) and in response to engagement with environmental issues and political dialogues (Hards, 2011; Corner et al., 2014; Wolsko, 2017). Maintaining legitimacy through time will require transparency about uncertainty and non-stationarity in both physical and social dimensions of environmental water management. We suggest that social values regarding flows and management are also non-stationary and that diverse stakeholder engagement throughout the adaptive management cycle will allow us to capture these changing social-ecological contexts and embed them into management.
Fostering Program Legitimacy
Legitimacy is crucial to the success of adaptive e-flows management, as public trust and confidence in management agencies is what allows them to function (Horne et al., 2017; O’Donnell and Garrick, 2017). The concept of legitimacy can be constrained by a focus on the centrality of government institutions and agencies that are presumed to be acting in the public interest and supported by sound technical guidance (Gearey and Jeffrey, 2006; Godden and Ison, 2019). In countries where federal and state institutions are responsible for e-flows governance, community participation is often mandated through legal instruments that may have a narrow, inflexible definition of engagement (Godden and Ison, 2019). Fostering legitimacy for e-flows programs and associated management is two pronged, requiring focus on both input and output legitimacy (Hogl et al., 2012; O’Donnell et al., 2019). E-flows programs have previously depended largely on building output-based legitimacy, defining their credibility based on the success and efficacy of their management programs as shown through scientific indicators. While this is a necessary component of overall legitimacy, building input legitimacy in parallel through process-focused, stakeholder driven initiatives builds public trust and confidence for program success, and in turn helps to bolster trust in program outputs. Input legitimacy focuses on transparency, access, representation, and accountability throughout decision making and management. These values encourage stakeholders to create a shared understanding of the problem and develop a shared vision for success (Cullen, 1990; Webb et al., 2010).
In an analysis of water management projects in the Netherlands, van Buuren et al. (2012) describe throughput legitimacy as the carry through of democratic principles and deliberative opportunities throughout the management process. In one of their case studies, there were protests following a dike improvement proposal that had no community input. In response to the protests, the original proposal was scrapped, and a collaborative process was developed with the agreement that any new proposal must have public support. The new process emphasized communication and transparency by building in key opportunities for citizens to contribute their voice. This new process complemented existing institutions and frameworks, leading to a hybridized strategy with greater throughput legitimacy (van Buuren et al., 2012).
FRAMEWORK FOR INCORPORATING STAKEHOLDER ENGAGEMENT IN E-FLOWS
The framework we outline here is designed around a participatory approach to the adaptive management e-flows that purposefully incorporates a diverse range of stakeholder perspectives and knowledge. This framework is flexible and can be adapted the range of contexts in which e-flows are implemented. We break down the adaptive management cycle, identifying when and how stakeholders might participate to support social learning and knowledge co-production.
Primary Stakeholders Involved in the E-Flows Process
Stakeholders are broadly defined as the individuals, organizations, and institutions that have an interest in the outcome of an e-flows program. This definition casts a wide net, particularly given that stakeholders may define themselves as such and seek engagement while other stakeholders may actively choose not to be involved. The narrative around stakeholder engagement has often focused on the aspirational inclusion of communities, framing the community participants as stakeholders while other participants, such as bureaucrats, managers, and experts, are responsible for facilitating the engagement process. In practice, it is rare that e-flows projects frame these other participants as stakeholders with distinct values and perspectives. However, previous literature in the field of e-flows identified three primary categories of stakeholders, distinguishing researchers, and water managers as discrete stakeholder groups along with local communities (Edelenbos et al., 2011; Webb et al., 2018). Webb et al. (2018) conceptualized these groups within a Venn diagram, where management strategies and projects involve different combinations of groups. In addition to these three groups, we have added Indigenous peoples as a discrete group, given their unique relationship with and knowledge of catchments, their recognition by existing governance frameworks, and their traditional and ongoing role as custodians (Nania and Guarino, 2014; Wilson, 2014; Jackson, 2017; Moggridge et al., 2019). E-flows management, like all natural resource management, is underpinned by the values, data, knowledge, and people involved in the process (Kennedy and Koch, 2004). Management strategies involve different contributions from these stakeholder groups and an ideal adaptive management approach would lie at the intersection of the four groups.
Conceptualizing engagement between stakeholders in complex management scenarios is always difficult. We have defined four broad stakeholder categorizations (Indigenous peoples, water managers, researchers, and local community) to enable a discussion of how stakeholder participants might engage with the adaptive management process. These broad groupings are useful, as this is how stakeholders are often identified for inclusion in the participatory process, regardless of how their role in the process is defined or evolves. Using these categories to identify and recruit stakeholder participants ensures that critical groups of stakeholders are included throughout the process. This is particularly important, given that key stakeholder groups are often left out of the management process (Webb et al., 2018) leading to incomplete learning cycles and poor social legitimacy. We recognize that these categories are broad and include a myriad of possible participants and organizational arrangements. The stakeholder participants for any program will be influenced by the scale of the project and by the governance structures and policies already in place. It is also important to note that this framework, as with any management framework, will not be able to describe all the possible nuance of stakeholder participants and arrangements. Rather, it is a tool for conceptualizing these relationships within the adaptive management context.
Table 1 highlights two e-flows case studies with a range of participants, and groups the participants into the stakeholder categories used for this framework. In the Honduran case study, a large multi-national NGO, The Nature Conservancy, was asked to fulfill the role of facilitator as well as complete much of the technical work associated with the e-flows assessment. Hence, we have defined them as researchers within our stakeholder categories. The only water managers involved in the Honduran case study were technical and engineering representatives from the ENEE, a quasi-governmental hydropower management agency that is responsible for dam operations. The workshop consultation process for their project included representatives from Indigenous communities, local government officials and NGOs, and a range of Honduran and international experts (Esselman and Opperman, 2010). The Australian case study included a range of participants in an e-flows assessment. While the project was organized by the local catchment management authority, a university team acted as the project leads, facilitating workshops and supplying technical modeling expertise. In addition to the university team, a panel of discipline experts were recruited for the project, fulfilling the role of researchers within our framework. Local community participants included local elected council members, landholders, irrigators, and other interested citizens. The water policy officers from two local Aboriginal organizations were also included in workshops and played a role on the project steering committee. Given the complicated governance structure surrounding water in Australia, several different water management agencies were included, representing basin, state, and local scales of management (Horne et al., 2021).
TABLE 1 | E-flows case studies with participants grouped into stakeholder categories.
[image: Table 1]Table 2 outlines some key features of these four stakeholder categories and the importance of their roles throughout the e-flows process. First, we note that here we refer to Indigenous peoples as stakeholders; however, we acknowledge that in some contexts it would be better to refer to them as rights holders (see Jackson, 2018; Latta, 2018; Pomart, 2020). Potential roles of Indigenous groups are highly context specific and depend on multiple factors including but not limited to: the empowerment of groups at both federal and local levels, the degree of colonization, historical disenfranchisement, and the extent of Indigenous diasporas (Woodward and McTaggart, 2016; Stefanelli et al., 2017; Clapcott et al., 2018; Norman, 2018). While we have described Indigenous peoples as a stakeholder group akin to water managers and local communities, it is important to understand the significance of customary management practices and dynamic social-ecological relationships that predate colonial settlement and persist today despite post-colonial institutionalization (United Nations Declaration on the Rights of Indigenous Peoples, 2008; Chen et al., 2018; Magdaleno, 2018). Indigenous groups have varied recognition and legal rights within water governance globally (Macpherson, 2019). Currently, Indigenous communities and organizations assert custodial rights, challenge existing governance frameworks, and form collaborative partnerships with non-Indigenous organizations. The ways in which Indigenous communities engage with water governance varies from country to country and regionally within nations. Leading and participating in various forms of water governance (including e-flows) can play an important role in self-determination (von der Porten and de Loë, 2013; Pirsoul and Armoudian, 2019). Because of the importance of context-based approaches for Indigenous inclusion, we do not make specific recommendations for their role in the e-flows process. However, we recommend that Indigenous groups be included as early as possible and throughout the adaptive management cycle using any participatory guidelines developed by the groups themselves (Jackson et al., 2012; Crow et al., 2018). Community is often the focal point of engagement programs in natural resources management, and it is widely recognized that community support is critical for the sustained success of e-flows programs (Horne et al., 2017; Allan and Watts, 2018; Watts et al., 2020). However, when poorly executed, these attempts can become tokenistic, and shallow engagement can harm the long-term success of flows programs (Conallin et al., 2017; Pirsoul and Armoudian, 2019). The definition of community is often left amorphous but can be broadly defined as individuals and groups who live or work locally and have a stake in the decision-making process. This may include irrigators, recreational users, conservationists, local government and politicians, as well as other concerned citizens who identify themselves as stakeholders. Community participants bring specific local knowledge to the decision-making context and can reflect broader community-based values and perspectives. This localized knowledge is rooted in the day-to-day experiences with the river and reflects social understandings of the system. Because the umbrella of community covers a range of individuals and groups, a broad spectrum of viewpoints will be present and there is a potential for conflict and competing perspectives, both within the group and with other stakeholder groups (Haddaway et al., 2017). While negotiating these dynamics is a challenge, with careful conflict resolution it can also be an opportunity to identify shared values and engage in critical social learning (Carr, 2015; Conallin et al., 2017). Successful engagement with community members will recognize their role in knowledge co-production and increase their capacity to participate in all phases of the adaptive management cycle, including decision making.
TABLE 2 | Key features of each stakeholder group based on the four elements that underpin the e-flows process.
[image: Table 2]The published literature has tended to view researchers as unbiased experts in their field and has depended heavily on their guidance in creating water management policy (Stewardson and Webb, 2010); thus valuing this technical knowledge above other forms (Edelenbos et al., 2011). However, casting researchers as impartial and neutral observers can be problematic given observed expert bias (de Little et al., 2018) and the intrinsic personal perspectives individual researchers bring to their interactions (Yamamoto, 2012; Mandel and Tetlock, 2016). Similarly, water agency representatives are seldom framed as stakeholders in e-flows management, as they are often the organizers of stakeholder engagement activities. Water agency representatives also bring their own biases and values to the decision making process, particularly when considering risk (Kosovac and Davidson, 2020). Although researchers and agency representatives are typically considered ‘outside’ the formal engagement process, the groups share key aspects with other stakeholders. They have a unique knowledge of the system, often live within or near the catchment of concern, and have a vested interest in catchment management.
Restructuring e-flows management to acknowledge researchers and agency representatives as distinct stakeholders akin to community and Indigenous peoples opens new avenues of collaboration and creates space for dialogue between the groups. Researchers and agency representatives can play a meaningful role in knowledge creation when framed as stakeholders with unique sets of values, data, and knowledge (Rosendahl et al., 2015). Placing researchers and agency reps amongst other stakeholders allows them to make their values and perspectives explicit. These values then become one piece of the larger management puzzle, on a par with those of other groups, and allows decision makers to balance multiple types of knowledge and varied perspectives (Hare and Pahl-Wostl, 2002; Hare et al., 2006; Raymond et al., 2010; Edelenbos et al., 2011).
It is important to recognize that stakeholder groups are neither homogenous nor static; each group’s perspectives will be dynamic, varying both within the group and through time (Steyaert and Jiggins, 2007; Conallin et al., 2017). Therefore, engagement programs should be conceptualized as long-term programs that continuously reengage with participants, recruit new participants, and are self-reflective enough to capture changing perspectives and relationships. Stakeholder recruitment and analysis, detailed in Table 2 under the Planning heading, is a critical step in identifying the stakeholder participants and beginning the engagement program. Stakeholder analysis can be used to systematically identify the individuals or groups who have a long-standing interest in e-flows decisions, are potentially impacted by management actions, or are already in a position of influence (Reed, 2008; Reed et al., 2009; Conallin et al., 2017). A stakeholder analysis may also identify existing social interactions between the various groups and the river, including potential sources of tension and conflict. Building a flexible engagement strategy will help account for these considerations, allowing different stakeholder groups to participate in the ways they deem appropriate and when they have the capacity to do so.
Participatory Adaptive Management for E-Flows
Adaptive management has previously been identified as a useful approach for e-flows based on its ability to deal with complex and uncertain systems (Webb et al., 2018). The adaptive management cycle is an iterative process divided into three primary phases, planning, learning, and doing. Figure 1 illustrates how the common steps in e-flows management align with the phases of adaptive management. Mapping these two processes together allows us to determine where in the cycle various stakeholder groups should be engaged and in what manner. Each phase of the adaptive management cycle presents an opportunity for meaningful stakeholder engagement allowing the phases to be underpinned by the people, knowledge, data, and values of each stakeholder group. Successful engagement will involve all four stakeholder groups to varying degrees in every phase, with contributions from each group changing over time. It is impossible to define the exact level engagement for different stakeholder groups at every step of e-flows management and being too prescriptive in this regard runs the risk of limiting a program’s ability to evolve through time. We believe that the context of each e-flows program and the stakeholders themselves should determine the level of engagement and guide tool selection.
[image: Figure 1]FIGURE 1 | The phases of adaptive management in e-flows: Planning (shown in green), Doing (shown in purple) and Learning (shown in gold). The boxes show the activities involved in e-flows adaptive management. The majority of planning takes place within a longer multi-year time frame while doing and learning takes place on a seasonal and ongoing basis. The e-flows activities here correspond directly with the activities described in Table 3.
Table 2 provides detail on the e-flows activities that align with the phases of the adaptive management cycle shown in Figure 1. We suggest guiding principles for each of these phases and elaborate on some the important considerations for these activities. In Table 2, we have focused on activities that typically take place during e-flows management, such as environmental flows assessment and recommendations, modeling, and monitoring, etc. These activities can all include engagement with the four stakeholder groups but are often not structured to include participation as a fundamental component of the activity. The participatory methods highlighted in Table 2 are broad frameworks or concepts that will require a suite of tools to execute, including workshops, steering committees, focus groups and other tasks (Hare et al., 2006). These participatory methods have been identified through a survey of the literature regarding stakeholder engagement in natural resources management, though we do not present a comprehensive list of all possible participation frameworks and tools. These methods should be selected based on the context of individual projects and approaches, including the resources and capacity of stakeholder groups involved.
Many of the activities in the planning phase of e-flows management fall under the broad umbrella of the e-flows assessment (printed in bold within the Planning row in Table 3), an activity that occurs in the initial implementation of a program and is periodically updated (Tharme, 2003; Jain, 2012). Much of the planning for an e-flows program takes place on a long-term time scale, as e-flows assessments take a considerable amount of time and resources to conduct. In practice, a broad e-flows assessment is often conducted every 5–10 years for a catchment. Seasonal and yearly e-flows planning takes place on a much shorter time frame and is informed by the e-flows assessment as well as updated learning. Successful stakeholder engagement for the program begins with the early development of an engagement strategy that is supported by the involvement of participant stakeholders from its conception (McLoughlin et al., 2016; Conallin et al., 2017). Stakeholders should be embedded in this planning phase through an inclusive approach that prioritizes stakeholder values in the creation of a shared vision and the development of program objectives.
TABLE 3 | Role and form of participation across the adaptive management cycle.
[image: Table 3]The doing phase (detail in second row of Table 3) consists primarily of implementation and monitoring. Implementation of flows or supplying specific flows to the river via a weir or dam, is informed by the planning phase and targets the objectives agreed upon by stakeholders. While flow implementation may fall to water agencies, within-year changes to flow management can be done with stakeholder involvement. Well-designed monitoring programs support adaptive management within the specific context of the program (Williams, 2011; Gawne et al., 2020). Monitoring programs present a unique opportunity for all stakeholders and the wider community to engage in data collection and learn about the hydro-social and ecological conditions of the river through hands-on experience, fostering multi-directional learning and a sense of environmental stewardship (Conallin et al., 2018a).
The learning phase (detail in third row of Table 3) is often ambiguously described in the literature on adaptive management, but it is acknowledged to be the crucial step for reengagement with the adaptive management cycle (Horne et al., 2017). We emphasize here that learning extends beyond updating the flow-ecology relationships and includes social and organizational learning as well through a focus on multi-loop learning with the inclusive involvement of all participants (Williams and Brown, 2018; McLoughlin et al., 2020). A key aspect of adaptive management is continued iterative learning through repeating the cycle, and a lack of repetition is often blamed for the failure of adaptive management projects (Biggs et al., 2011; Fernández-Giménez et al., 2019). Proper documentation and oversight can improve the chances of adaptive management success, ensuring that lessons learned are communicated to participants and the wider community and enabling learning within and between programs. This documentation and oversight can be carried out through a designated Reflector role within the program (see the fourth row of Table 3) (Webb et al., 2018).
CASE STUDY: KAIELA (LOWER GOULBURN) E-FLOWS ASSESSMENT
To ground these concepts in a real-world application, the Kaiela E-flows Assessment is presented as a case study in Figure 2 (further details are given in Horne et al., 2021 in this special issue). The Kaiela River is located within the contentious Murray-Darling basin in Australia, where over-allocation and significant drought has historically caused water scarcity and tension between water user groups. The Goulburn Catchment Management Authority (GBCMA) is responsible for local catchment management and e-flows planning. An environmental flows assessment was undertaken in 2019–20. A key focus for the GBCMA was placing a greater emphasis on stakeholder engagement and explicitly addressing the complexity and uncertainty around the context of e-flows management. For these reasons, this project was conceived within a wider process of adaptive management.
[image: Figure 2]FIGURE 2 | Diagram showing the planning phase of an adaptive management cycle for e-flows management. The case presented here is an e-flows assessment for the Kaiela (Lower Goulburn) River in Northern Victoria, Australia. The boxes in green show the e-flows activities while the boxes in blue show the associated activities for these steps. The stakeholder roles and tools used are explained for each of these activities. While this process focused on the planning phase through an e-flows assessment, adaptive management is expected to continue through to doing and learning phases.
Figure 2 focuses on the planning portion of the adaptive management cycle, where most of the work for an e-flows assessment takes place. The University of Melbourne was engaged to facilitate and manage the e-flows assessment, but also played a dual role as scientists. The project focused on principles of participatory modeling when developing the project plan, shown through an emphasis on the modeling stage of the project. The project was developed around a series of participatory workshops that were attended by all stakeholders and designed to facilitate knowledge coproduction. Stakeholder participants for this project are detailed in Table 1. A panel of discipline experts was assembled to participate in all workshops and provide input to quantification of ecological models using a formal expert elicitation approach. Representatives from the different federal and state water agencies participated in the workshop series. Figure 2 details when and how these stakeholder groups were involved in the planning stage of this adaptive management program.
This case study only shows the application of these concepts in the planning portion of the adaptive management cycle. The University of Melbourne team was only engaged for the purpose of conducting an e-flows assessment and has not been directly involved in implementation or monitoring. The GBCMA undertakes monitoring and iterative processes of planning and management outside the scope of the project presented here. Full case studies of the adaptive management cycle where iterative social learning cycles have been completed are difficult to demonstrate. This is due to the long time frames necessary for successful adaptive management and social learning. In contrast, university and government funding cycles for research and e-flows projects are often quite short. This challenge is explored further in the following discussion.
DISCUSSION
The framework we have proposed in this paper links participation to the already widely accepted concept of adaptive management of e-flows. It recognizes the inherent similarities between existing participatory methods and the adaptive management cycle. Making this connection serves a number of benefits, including allowing improved acknowledgement and addressing of uncertainty, allowing for multiple ways of knowing, and linking usually isolated “science” processes to the participatory approach. At the centre of the framework is the creation of a shared vision and transparent values to guide management activities. Allowing stakeholders to guide their own involvement and constantly reengaging with participants builds authentic relationships to support the management of catchments, creating credible e-flows programs that reflect the diversity of perspectives within the catchment. By incorporating a greater diversity of knowledge, including local and traditional knowledges, participatory-based management has the potential to generate a deeper understanding of the complex social-ecological system. Managers are currently tasked with balancing biophysical objectives of e-flows programs with social/cultural factors within the catchment. Our framework provides a platform to explore the myriad ways the biophysical and the social/cultural are interconnected, and creates space for difficult conversations, such as value prioritization and ecological vulnerabilities in a changing climate. Open and flexible participatory adaptive management allows us to create and test alternative management paradigms in a structured and documented way.
Within a participatory adaptive management framework, stakeholders can engage with the issue of uncertainty on multiple levels. Dealing with uncertainty is one of the primary reasons for utilizing an adaptive management approach, but it can often be difficult to discuss and contextualize what exactly is meant by uncertainty and to communicate ideas across stakeholder groups. Supporting transdisciplinary conversations allows us to come to a shared understanding of what uncertainty means within the system, how it may be quantified, and the best ways to address it. We also believe that involving a greater diversity of perspectives and creating a shared vision will foster greater resilience within e-flows programs, addressing multiple axes of uncertainty.
Including a structured engagement program as a fundamental component of e-flows management ensures relationships and trust are developed over the long term. This creates opportunities for the participants to reflect on shifting political tides and social sentiments over time. We believe that e-flows management can then be responsive to social and relational uncertainties, an element of uncertainty that is frequently overlooked in technically focused approaches. Open dialogue and collaborative knowledge production cultivate trust and allow the group to revise management elements over time, developing mechanisms to respond to changing conditions. This trust is also a crucial component of program legitimacy, wherein participants trust that the decision-making process is reflective of the group’s shared values and emergency decisions can be made efficiently with limited dissent.
Reformulating the adaptive management framework to adequately integrate stakeholder engagement and community participation will require a significant cultural shift within the e-flows community of practice. While there has been an increasing recognition of the importance of stakeholder engagement in e-flows, most approaches still focus on technical solutions to physical problems without sufficiently considering the societal context of management. We suggest that there needs to be a balance between output driven technical solutions and socially based strategies focusing on long-term outcomes. Building lasting relationships between stakeholder groups within the context of adaptive management allows for flexible management that is responsive to the changing nature of social-ecological systems. Engagement with community members and other stakeholder groups ensures that management reflects the values of the community and utilizes a variety of knowledge sources and data.
We have advocated for increased involvement of Indigenous groups and for the reconsideration of their role in water management to acknowledge their traditional and ongoing relationship with land and water and potential to act as rightsholders. While we have not made specific recommendations here, we would like to draw attention to work already taking place on this issue. Cultural flows assessments, performed in combination with or parallel to an e-flows assessment, will help managers and Indigenous peoples understand the quantity and quality of water required to maintain spiritual, economic, cultural, social, and environmental needs of communities (MLDRIN, 2007; Lokgariwar et al., 2014; Jackson, 2017; Tipa and Associates Ltd., 2018). Another avenue for establishing Indigenous peoples as rightsholders is the creation of Indigenous partnerships for water management. Water is implicitly tied to economic development through consumptive and agricultural uses, and when Indigenous peoples are excluded from management conversations their communities are disenfranchised. Indigenous partnerships in the co-management of water will guarantee that Indigenous peoples have a say in development projects and empower their communities through forms of self-governance (Hemming et al., 2019; Mooney and Cullen, 2019; Markham et al., 2021).
We recognize that implementing an adaptive management framework centered on participatory methods will be a challenge for practitioners faced with real-world constraints and limitations. Significant obstacles are presented by resource and time availability. Short-term funding cycles and timelines limit the long-term planning necessary to foster authentic relationships between stakeholders. Pre-existing tensions and distrust between stakeholders can make initiating engagement difficult and increase the chances of conflict disrupting the process. Moreover, once an engagement process is underway, it can be derailed by stakeholder burnout and high turnover among participants. Dealing with the complexity presented by these challenges will require managers and facilitators to embrace a “messier” e-flows process than the linear, technocratic approaches they are used to. First and foremost, it is important for project organizers to be honest and transparent with participants about the goals of the project and the extent of engagement available in the process, particularly regarding influence over decision-making. Transparency is critical to aligning stakeholder expectations and fostering trust throughout the engagement process. Project managers should work with stakeholders to develop a flexible engagement plan that includes multiple types of participation and is responsive to shifting stakeholder needs, desires and capacity. Building engagement capacity and identifying process champions within all stakeholder groups will improve long-term project resilience.
It is important to keep in mind that a participatory adaptive management framework requires continuity. The engagement process does not end with one project, but constantly seeks to reengage and encourage stakeholder relationships with the e-flows program. Ensuring continuity throughout the life of an e-flows program fosters trust and encourages the development of program legitimacy. Structuring management approaches for long-term, multi-project engagement could transform e-flows management. Building capacity among Indigenous and community stakeholders for long-term participation, knowledge co-production, and shared decision making will allow for creative management approaches reflective of community values and character, and ultimately lead to the enduring success of e-flows programs.
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