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Rivers provide water for irrigation, domestic supply, power generation and industry as well as a range of other ecosystem services and intrinsic and biodiversity values. Managing rivers to provide multiple benefits is therefore foundational to water security and other policy priorities. Because river flow is often insufficient to meet all needs fully, water management experts have acknowledged the need for trade-offs in river management. Ecosystem scientists have classified and quantified goods and services that rivers provide to society. However, they have seldom examined the way in which water management infrastructure and institutional arrangements harness and direct goods and services to different groups in society. Meanwhile, water management paradigms have often considered freshwater ecosystems as rival water users to society or a source of natural hazards and have underplayed the role healthy ecosystems play in providing multiple social and economic benefits. We argue that physical and social structures and processes are necessary to realize multiple benefits from river ecosystems, and that these structures and processes, in the form of (formal and informal) institutions and (gray and green) infrastructure, shape how benefits accrue to different groups in society. We contend that institutions and infrastructure are in turn shaped by political economy. We suggest a more coherent framework for river management research, policy and planning that focuses on (a) the ways in which political economy, institutions and infrastructure mediate access and entitlements to benefits derived from ecosystem services, and (b) the feedbacks and trade-offs between investments in physical and social structures and processes.
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INTRODUCTION

The inclusion of a specific water goal within the UN Sustainable Development Goals and the establishment of a High Level Panel on Water by the UN Secretary General in 2015, reinforced the sense that water security represents a grand inter-disciplinary challenge for the research and policy communities (Matthews et al., 2011; Bunn, 2016). Commentators have previously explored the economic (World Bank, 2016; World Economic Forum, 2016), security (US Intelligence Community, 2012), social (Zeitoun et al., 2016), engineering (Royal Academy of Engineering, 2010), and environmental (Strayer and Dudgeon, 2010) dimensions of this challenge.

Along with direct rainfall (green water), rivers, lakes, wetlands and aquifers (blue water) are primary sources of water for human consumption (Hoekstra et al., 2012). Rivers and associated wetlands also provide many other ecosystem services and hold intrinsic values for many cultures (Millennium Ecosystem Assessment, 2005). However, there is often insufficient water of adequate quality available to meet all demands fully. Resolving river management trade-offs has become harder as agricultural, industrial and urban demands have increased, leading to declining river condition in many regions (Vörösmarty et al., 2010). Climate change is likely to exacerbate these difficulties (Acreman et al., 2014; Field et al., 2014). In contexts that are dynamic and complex, strategic approaches to river management are needed that explicitly consider multiple potential uses of the river, taking account of risks and opportunities for different groups in society in different locations, while safeguarding critical ecosystem functions (Pegram et al., 2013; Speed et al., 2016). Tools and frameworks that facilitate inputs from different disciplinary and societal perspectives can support researchers, policy makers and river basin planners tackling this challenge.

This paper highlights the potential for a more coherent understanding of the connections between river condition, ecosystem services and the provision of multiple benefits to different groups in society. We highlight how these connections, and the way benefits are realized and distributed across different groups of people, are shaped by physical and social structures, rules and norms. We argue that river and water management paradigms have rarely taken sufficient account of the way in which power and politics influence these structures, rules and norms. We set out a conceptual framework for research, policy and planning that illustrates how access and entitlements to water security and other benefits from ecosystem services are mediated by institutions and infrastructure, which are in turn shaped by political economy.

THE (LACK OF) DISCIPLINARY INTERFACE BETWEEN ECOSYSTEM SERVICES AND WATER SECURITY ANALYSIS

Research on ecosystem services is summarized in authoritative reviews including those from Emerton and Bos (2004), the Millennium Ecosystem Assessment (2005) and Sukhdev et al. (2010). Ecosystem services literature has often described the gross values of provisioning, regulating, cultural or supporting services at different spatial scales and has accounted for shifts in those values arising from anthropogenic pressures (Finlayson and D'Cruz, 2005; Costanza et al., 2014). For rivers, specific examples have included monetising the value of fisheries (Butler et al., 2009; Delgado et al., 2013), the flow of goods and services from sites, such as wetlands or lakes (Zhang et al., 2014; Adekola et al., 2015) or the impacts of dam removal (Provencher et al., 2008). Findings from ecosystem services research have often been used by NGOs and others to advocate for river conservation and restoration (Auerbach et al., 2014).

Ecosystem service assessments are subject to methodological limitations relating to the spatial and temporal variation in service availability (European Environment Agency, 2010); the difficulty in quantifying biodiversity and intrinsic values (Finlayson and D'Cruz, 2005; Gowan et al., 2006); and the lack of consideration of “ecosystem dis-services,” such as flooding or water-borne diseases. Some research has considered trade-offs in services resulting from different management options (Acreman et al., 2011). However, the ecosystem services literature rarely explores how services provided by rivers are harnessed and distributed among different groups in society via formal and/or informal institutional processes and infrastructure (Parker and Oates, 2016). One exception is Fisher et al. (2014) who emphasize that ecosystem services are characterized as much by human factors as by biophysical processes. Given the fundamentally political nature of natural resource allocation processes (Berbés-Blázquez et al., 2016; Wyborn et al., 2016), the need to link ecosystem services to human well-being in order to influence policy (Ruckelshaus et al., 2015) and the need for equity in water security decision-making (Zeitoun et al., 2016), this suggests an overly narrow disciplinary focus among ecosystem service advocates.

Water security concepts have been analyzed through various lenses including Integrated Water Resource Management (IWRM) and Integrated River Basin Management (IRBM) approaches (Moss, 2012; Muller, 2015); macro-economic growth (Hatfield-Dodds, 2006; Grey and Sadoff, 2007; Sadoff et al., 2015); water governance (Pahl-Wostl et al., 2013; Zeitoun et al., 2013); and political economy analysis (Swatuk, 2008; Kooy and Harris, 2012; Newborne, 2014). This diversity of approaches has resulted in lively critical debate. For instance, Zeitoun et al. (2016) responded to the perceived primacy of “reductive” water security analysis (which emphasizes increased reservoir storage as a primary mechanism for reducing hydrological variability and supporting economic growth) by advocating a more “integrative” approach that recognizes diverse societal and biophysical contexts, uncertainty and adaptive management. However, the links between water security, river condition and ecosystem services have seldom been explored in detail and the implications of water management decisions on ecosystem services have been either implicit or over-looked in most water security narratives (Tickner and Acreman, 2013). When the environment has been discussed, it has often been considered a rival water user to people, with less explicit analysis of the role that functioning river ecosystems play in providing goods and services that underpin human well-being and economic development (Parker and Oates, 2016).

Thus, there are unhelpful disconnects between ecosystem services and water security framings, and between different analytical viewpoints within the water security literature. There are few empirical analyses of the complex and context-specific feedback loops between river ecosystem condition, portfolios of ecosystem services and the access and entitlements that different groups in society have to multiple river management benefits including, but not limited to, water supply. A more coherent and robust assessment of feedbacks and trade-offs that might arise from different river management measures requires a guiding analytical framework of these connections, drawing on different disciplines and perspectives.

WHO BENEFITS, AND HOW? THE ROLE OF INFRASTRUCTURE AND INSTITUTIONS IN REALISING MULTIPLE BENEFITS FROM RIVER ECOSYSTEM SERVICES

Unregulated, or free-flowing, rivers can provide many ecosystem services (Auerbach et al., 2014). However, in a world with more people living increasingly thirsty lifestyles, many of whom are far from the actual river, achieving water security and other benefits from river ecosystem services require intensive river management, including investment in “gray” infrastructure, such as dams, barrages and inter-basin transfers. The construction and operation of gray infrastructure brings about changes in river ecosystems and, consequently, alterations to portfolios of ecosystem services provided by “green” infrastructure (Palmer et al., 2015). Key questions for river management therefore include: (i) how best to blend gray and green infrastructure interventions to balance provision of different ecosystem services?; (ii) how to ensure that different groups in society, in different locations, have a say in the prioritization of ecosystem services?; and (iii) how can formal and informal institutional processes ensure equitable distribution of benefits across time and space?

Multiple factors contribute to whether benefits from ecosystem services are actually realized, or perceived to be realized, by different groups in society, beyond the condition of the river ecosystem itself. For example, to accrue livelihood benefits a fisherman on the Mekong River requires a boat, nets and the necessary permits or entitlements to access the river and fish. The fisherman's ability to earn income from his catch is contingent on access to markets and market prices, which in turn depend on a variety of formal and informal institutional processes. Although the context is very different, a subsistence farmer in Tanzania's Iringa District, who relies on continued flow of the Great Ruaha River as a source of water for dry season irrigation, is similarly dependent on infrastructure and institutions. Among other aspects, the farmer might require the construction and maintenance of (legal or illegal) irrigation canals and sluice gates, permits from the local Water User Association and/or the Basin Water Board (both of which might face significant capacity challenges) and a wide variety of informal interactions with neighboring farmers and other water stakeholders to ensure the flow of water between farms.

There is also a spatial dimension to consider: those close to the river, including our Mekong fisherman and Tanzanian farmer, might have a genuine claim on the ecosystem services it provides, but they may also be most exposed to the impacts of interventions elsewhere along the river, such as a dam which affects the level and timing of river flows or the development of large-scale commercial farms that are allocated priority water rights. Some benefits, such as electricity generated from hydropower dams or international tourism based on river-dependent wildlife, accrue primarily to groups beyond the river basin boundaries. Temporal factors are also important, linked to variability of river flows, daily variation in energy needs, and seasonal requirements of the agricultural calendar.

Given that rivers provide a range of benefits, and that these benefits are seldom equally distributed in society, decisions about river management necessitate trade-offs between different interests groups and policy imperatives. Asymmetries of power mean that decisions about trade-offs are rarely objective; the poor and marginalized often lose out to more influential actors (Acreman, 1996; Komakech et al., 2012). Disadvantages in access and entitlements can be exacerbated because vulnerable groups often rely disproportionately on ecosystem services, such as fisheries, particularly as a livelihood strategy of last resort (Korsgaard and Schou, 2010). Measures to enhance water security for some sections of society can lead to insecurity in supplies of water or other ecosystem services to others. This political dimension is made even more challenging if river and water management institutions are designed or operate without recognition of the often-different (e.g., farm, municipal, regional, national) scales at which other important decision-making processes operate (Zeitoun et al., 2016). Politics will always play a part in natural resource management but any framing intended to inform decisions should as far as possible encourage coherent analysis and transparent, equitable and evidence-based choices (UN Water, 2012; Pahl-Wostl et al., 2013; Hurford and Harou, 2014).

A FRAMEWORK TO ENCOURAGE COHERENT RIVER MANAGEMENT RESEARCH, POLICY AND PLANNING

In Figure 1A, we set out a conceptual framework for a coherent approach to river management research, policy and planning to encourage informed, equitable and sustainable river management. The framework shows how perspectives and information from the different disciplines and schools of thought that contribute to river management can be combined, including ecosystem services approaches (traditionally the focus of ecologists and environmental economists) and water security and water resource management approaches (historically dominated by disciplines, such as engineers, agronomists and hydrologists but increasingly including social scientists). It also introduces a strong element of political economy analysis.
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FIGURE 1. (A) A conceptual framework for coherent research, policy and planning on river management. (B) An applied example of the conceptual framework–the Great Ruaha River basin, Tanzania.



Drawing on river restoration and ecosystem services approaches, the river condition component of the framework focuses on the overall health of a river ecosystem. Indicators relate to ecosystem structure and functions including catchment processes, water quality, river flows, and connectivity, biodiversity or species composition, habitat characteristics or river morphology (Finlayson and D'Cruz, 2005; Speed et al., 2016). Alterations to the condition of a river will have implications for the ecosystem services (and dis-services) it provides and the range of societal benefits that arise.

Following Fisher et al. (2009), we consider societal benefits to be distinct from ecosystem services. Whilst “ecosystem services are the aspects of ecosystems utilized (actively or passively) to produce human well-being” (p.645), a benefit is best understood as “the point at which human welfare is directly affected and the point where other forms of capital (built, human, and social) are needed to realize the gain in welfare” (p.646). This distinction is important, since it challenges the assumption that improvements in river ecosystem condition and services inevitably and uniformly lead to positive outcomes for society. It also helps to guide analysis of the distribution of benefits to different stakeholders in different locations within and outside the basin. Based on Parker and Oates (2016) we define three kinds of benefits as follows (note that these are not necessarily discrete categories - there will be inter-linkages and overlaps and different kinds of benefits can manifest at different spatial or temporal scales):

• Social benefits contribute to the well-being of individuals and communities and the functioning of society. They can include secure livelihoods, health and nutrition, good social relations, science and education, mental health and spiritual satisfaction. Social benefits often accrue to those living closest to the river and directly depend on river ecosystem condition.

• Economic benefits contribute to the local or national economy and/or provide employment, for example agricultural production, energy production, industrial development, transport and tourism.

• Strategic benefits contribute to national and trans-national interests and are often highly politicized. They include regional security (e.g., reductions in transboundary conflicts or improved co-operation), water-energy-food security, disaster risk reduction and climate resilience.

Finally, any coherent approach to research, policy and planning should consider the power and politics that lie at the heart of river-society relationships. Decisions about trade-offs made by formal and/or informal institutions, and investments in gray and/or green infrastructure, deliberately or inadvertently alter portfolios of ecosystem services. A political economy analysis can illuminate potential distributional effects of river management priorities, revealing whose interests are promoted, and whose are relegated or ignored, in decision-making processes. This can facilitate transparent trade-offs between different interest groups and strategic imperatives and help to highlight specific research, policy or planning interventions that are more likely to improve outcomes for river condition and ensure equitable access and entitlements to benefits (Berbés-Blázquez et al., 2016).

Figure 1B shows how this framework could be applied to encourage coherent approaches to research, planning and management of the Great Ruaha River. A critical challenge in the Great Ruaha system is safeguarding flows through Ruaha National Park and downstream to the Mtera and Kidatu hydropower dams (Baur et al., 2000; Franks et al., 2004) which contribute significantly to Tanzania's electricity supply. The desired outcomes for river condition (at the left hand side of Figure 1B) might therefore focus primarily on the flow regime. The Great Ruaha basin is also a bread-basket for Tanzania and home to a large farming population, where small and large scale farmers depend on water allocations for subsistence and/or commercial crop production (Lankford and Franks, 2000). The social, economic and strategic outcomes (the right hand side of Figure 1B) therefore relate to specific issues of poverty reduction, agricultural sector development and food security. Energy security, linked to hydropower, is also important as a strategic outcome.

Our framework facilitates a coherent diagnosis of complex situations, such as the Great Ruaha (as summarized in Figure 1B), including the inter-connected biophysical, socio-economic, cultural and engineering challenges. The framework can also be used to facilitate more integrated planning which takes account of the existing political, economic, infrastructure and institutional context, to achieve more balanced and equitable outcomes from river management than have hitherto been achieved. Specifically, it facilitates the identification of synergies, opportunity costs, and trade-offs between river management options, prompting questions, such as: what are the potential trade-offs and complementarities of river development and river restoration?; and, how can an equitable, efficient and sustainable allocation system which protects the most vulnerable be created? (Further questions are illustrated in Table 1) In the case of the Great Ruaha, such questions might prompt a stakeholder-led environmental flow assessment to provide insights into options for achieving specific ecosystem conditions; or a refined water rights regime that upholds equitable water allocations and supports the attainment of desired outcomes.


Table 1. Questions for coherent research, policy and planning in the Great Ruaha River, Tanzania.
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CONCLUSIONS: PUTTING THE FRAMEWORK INTO PRACTICE

Approaches to understanding river-water-society relationships are clearly diverse, encompassing numerous branches of natural and social science with varied epistemological underpinnings. There is much useful analysis in the water security and ecosystem services literature. However, we believe that even greater insights can be gained from bringing together different schools of thought and areas of expertise to better understand complex and dynamic socio-ecological processes, and the distributional effects of river management decisions. Our framework facilitates this by integrating concepts from ecosystem science, water resource management, social science and political economy, thereby linking concerns about the river ecosystem with the concerns of decision makers—i.e., social, economic and strategic outcomes. This broader analysis supports understanding of how and why different groups within society benefit from the services a river provides. In addition, as the Great Ruaha River example illustrates, it has the potential to facilitate the design and delivery of more coherent management interventions through explicit consideration of multiple benefits from, and trade-offs between, different options, including consideration of likely winners and losers.

Supported by targeted evidence gathering to aid understanding of causal connections and feedback loops, drawing on a range of disciplines, and using language and concepts familiar to decision-makers, we hope our framework can invigorate river management efforts. As well as supporting inter-disciplinary research, this coherent approach could help policy makers and programme leaders in governments, multi-lateral organizations and NGOs to develop stronger theories of change linking prospective interventions and outcomes in terms of river condition and societal benefits.
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Questions
 What dry season flows are required to maintain critical ecosystem functions and safeguard wildife populations?

* What river-related social, economic and strategic benefits do ifferent groups within and beyond the Great Ruaha River basin need?
 What are the potential trade-offs in provision of river-related benefits to different groups of stakeholders?

* What infrastructure is curently used to allocate and access water from the Great Ruaha River? How is it managed?
« Which institutions (formal or informal) shape access to ecosystem senvices and the accrual of benefits?
« How can institutions work to strengthen governance processes for improved river management?

« What political voices and power dynamics most influence infrastructure and institutional decisions affecting the Great Ruaha River?

« Given the political economy in the Great Ruaha River basin, and in Tanzania more broadly, what opportunities are there to foster
inclusive, integrated and transparent governance processes for improved river management?

« Which ecosystem services from the Great Ruaha River benefi different societal groups?

« What aspects of river condition are critical for the provision of these ecosystem services?

« How important isriver condition in realising different benefits compared to other factors (inciuding institutions and infrastructure)?
« What are the potential trade-offs between different ecosystem services?

 Which stakeholders typically win or lose in terms of accruing river-related benefits?
 What rules and norms prevent or enabe different groups to access ecosystem services and accrue benefts?

* Given the current and foreseeable institutional and infrastructure situation, how can water allocation, and other processes that
effect the distribution of benefits derived from the Great Ruaha River, be made as equitable, efficient and sustainable as possible?

« What are the stated prioriies for river management within the Rufji basin IWRMD plan? How do these align with current water
allocation regimes?

© What are the potential synergies and complementarities between river development and river restoration?

« What deta is available on the hydrology, fluvial geomorphology and ecology of the Great Ruaha River
« What are the risks and impacts on river condition of stated river management priorities and other pressres?
* What are the current trends in freshwater biodiversity and what is driving those trends?
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