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The “water-energy-food nexus” has become an increasingly popular way to frame the challenges associated with reconciling human development objectives with responsible management of natural resources and ecosystems. Yet the nexus is complex, requiring effective engagement between expert and Non-expert stakeholders in order to understand biophysical inter-linkages between resources and resource flows and social interactions between different actors in the socio-ecological system and landscape. This can be a substantial challenge due to varying levels of knowledge and understanding amongst actors with divergent, and often entrenched, interests. This paper presents insights on how participatory scenario-building processes can create space for dialogue amongst stakeholders with differing knowledge, experience, priorities, and political perspectives. Drawing on completed and on-going research applying a “nexus toolkit” in Ethiopia and Rwanda respectively, we contribute to a generalized conceptual framework for addressing, communicating, and assessing the water-energy-food nexus, with a particular focus on how to utilize the nexus concept in practice. This framework has significant potential to help better understand interactions at landscape level, for example, between charcoal production, food production, and environmental systems. We find that participatory scenario-building processes that facilitate engagement beyond technical aspects to include social, economic and political concerns provide a valuable space for discussing and negotiating development pathways that are sustainable both biophysically and socio-economically. In addition, the involvement of stakeholders throughout the project process greatly enhances the quality and legitimacy of results. Furthermore, we suggest that by building capacity amongst stakeholders to maintain a quantitative “nexus toolkit,” it has a better chance of informing decision-making and for supporting the development of more technically refined analyses of alternative decisions and management strategies.
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INTRODUCTION

In recent years, the “water-energy-food security nexus” has become an increasingly popular way to frame the challenges associated with reconciling human development objectives with responsible management of natural resources and ecosystems (Bazilian et al., 2011; Hoff, 2011; Howells et al., 2013). The value of the “nexus” concept lies is its ability to clarify inter-linkages and competition for resources between different sectors of the economy and highlight the implications on development of (un)coordinated decision-making and management in these sectors. Therefore, a nexus approach is useful when there is a need to plan and govern interdependent resource-related matters, for instance, when different sectors depend on the same resources or the direct inputs from each other. In low-income countries, this pertains to hydropower generation, irrigation, fodder production, manure management, and the charcoal sector. In the latter case, a nexus analysis is of specific relevance given the complex interactions between the charcoal sector and deforestation, ecosystems, energy use, and income generation (see Chidumayo and Gumbo, 2013; Mwampamba et al., 2013; Zulu and Richardson, 2013).

The intrinsic complexity of the “nexus,” particular in relation to the charcoal sector, underlines the need for effective engagement between expert and non-expert stakeholders in order to understand biophysical inter-linkages between resources and resource flows and social interactions between different actors in the socio-ecological system and landscape. Stakeholder engagement is also essential for building dialog and negotiating solutions around how to better coordinate decision-making and management across sectors for the purpose of sustainable and equitable development. However, achieving effective engagement between expert and non-expert stakeholders can be a substantial challenge due to varying levels of knowledge and understanding amongst actors with divergent and often entrenched, interests, and power to influence decision-making.

This paper presents insights on how participatory scenario-building processes can create space for dialog amongst stakeholders with differing knowledge, experience, priorities, power, and political perspectives. In doing so, we contribute to a generalized conceptual framework for addressing, communicating, and assessing the water-energy-food nexus, with a particular focus on how to utilize the nexus concept in practice to better understand challenges faced in the charcoal sector. To illustrate insights on how participatory scenario-building processes can help to illuminate particular nexus contexts in reality and create space for dialog on solutions to more integrated development pathways, we draw on completed and on-going action research projects in Ethiopia and Rwanda respectively. In these projects, we utilized a quantitative “nexus” toolkit, based upon the dynamic linking of a water and biomass modeling software tool—Water Evaluation and Planning (WEAP)—with an energy and climate modeling software tool—Long-range Energy Alternatives Planning (LEAP).

THE FOOD-ENERGY-WATER NEXUS CHALLENGE IN SUB-SAHARAN AFRICA

Many countries across Sub-Saharan Africa are witnessing rapid growth and development, largely driven by the processes of energy transition and agricultural transformation (Africa Progress Panel, 2015; AfDB, 2016). Sustainable energy transitions involve moving away from traditional biomass use to more modern energy services, ensuring universal access to reliable electricity supply, all whilst meeting climate change mitigation goals. Options may include modern bioenergy and hydropower, both of which require access to water and land resources. Meanwhile, agricultural transformation typically refers to improved productivity through intensification and commercialization, as well as integration into world markets. Such transformation is likely to require significantly higher energy and water inputs to improve productivity. At the same time, withdrawal of water upstream for irrigation purposes may reduce the water available for hydropower generation and ecosystems. A changing climate places further emphasis on the need to effectively manage water resources to adapt to and minimize the impacts of more frequent droughts. These changes, in addition to population increases and shifting patterns of consumption, lead to greater demand for natural resources and ecosystem services (Hallding et al., 2012; Jäger and Patel, 2012; Bierbaum et al., 2014). These pressures are exacerbated by the impacts of climate change, potentially leading to degradation of resources and leaving many millions of people food, energy, and water insecure (Matthew et al., 2010; Lee et al., 2012).

The future of charcoal production, trade and use is closely connected to processes of energy transition and agricultural transformation. Increased use of charcoal in urban centers in sub-Saharan Africa complicates attempts to facilitate an energy transition to cleaner low-carbon energy services: over 80% of urban households in the region rely on charcoal as their main source of cooking, and demand is set to increase as population grows and urbanization continues (Zulu and Richardson, 2013). At the same time, the clearing of forest to make way for agricultural land often provides opportunities for charcoal production using cleared forest resources (Mwampamba et al., 2013). The environmental and ecosystem impacts of charcoal production—whether from forest resources cleared for agricultural production or otherwise—can be severe (Chidumayo and Gumbo, 2013).

Within Sub-Saharan Africa, Ethiopia, and Rwanda stand out as two countries with ambitious development plans based around transforming agriculture and energy transition. Although, vastly different in terms of geographical size and population, both countries show similarities in their GDP per capita, percentage of the population employed in agriculture and energy access rates (see Figure 1).
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FIGURE 1. Country comparison. CIA World Facebook (CIA, 2016).



Ethiopia has ambitions to become a middle-income country by 2025. A variety of targets have been set to help it reach this goal, including a number related to the agriculture and energy sectors. In 2010, the Government of Ethiopia established the Growth and Transformation Plan (GTP) followed by the Climate-Resilient Green Economy (CRGE) strategy in 2012 (Ministry of Finance and Economic Development, 2010; Federal Democratic Republic of Ethiopia, 2012). Both policy documents describe a pathway toward developing and modernizing the national economy in a sustainable, climate-compatible manner.

Ethiopia's GTP and GTP II targets build on long-standing agriculture growth and set targets associated with agricultural inputs (such as improved seeds, fertilizer, mechanization, land), energy generation (hydropower), irrigation, conservation, and land use. For example, by converting grazing and/or forest land into cropland, the government aims to achieve a 13 per cent increase in cultivatable land. Meanwhile, irrigated land is expected to increase by more than 400 per cent during the same time period. Lastly, fertilizer use is projected to increase by roughly 100 per cent, leading to dramatic increases in productivity and agricultural output: e.g., increasing crop productivity by 30 per cent, power generation by 300 per cent, and sugar production by 600 per cent (Ministry of Finance and Economic Development, 2010).

As well as these conventional economic growth objectives, GTP also sets out a National Resource Conservation Plan that aims to rehabilitate land and increase forest cover. The CRGE strategy—which aims to ensure ambitious national development plans are not adversely affected by climate change—further describes these conservation targets (Federal Democratic Republic of Ethiopia, 2012). While the targets set out in the CRGE strategy—shown in Table 1—are admirable, it is unclear whether all direct impacts or potential conflicts between targets have been adequately explored. For example, there is little to suggest that conflict between water use for irrigation and hydropower development has been studied. Similarly, continued and increasing exploitation of forest resources for charcoal production and construction purposes may make it increasingly difficult to meet forest cover targets. By 2014, over three million tonnes of charcoal were being consumed each year in Ethiopia's urban centers; as in many countries in sub-Saharan Africa, attempts to regulate charcoal production and trade to make it more sustainable have been ineffective (Bekele and Girmay, 2014). Considering and pre-empting such conflicts is particularly important when analyzing potential welfare impacts, preparing coping mechanisms, and managing environmental feedback effects at the local level.


Table 1. Green growth strategies in Ethiopia and Rwanda.
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Furthermore, the rapid expansion of hydropower and irrigation infrastructure has heightened tensions with neighboring countries that depend extensively on water resources originating from the Ethiopian highlands for household, agricultural, and industrial consumption. Yet it also signals a changing geopolitical climate in which Ethiopia is becoming an important force in the Horn of Africa region (Rahmato, 2011; Verhoeven, 2011). Given these related concerns, it is unlikely that all the goals of the GTP and the CRGE can be met simultaneously, particularly when following a conventional sectoral approach (Karlberg et al., 2015a).

Meanwhile, Rwanda has committed itself to becoming a middle-income country by 2020. The countries Vision 2020 and Economic Development and Poverty Reduction Strategies (EDPRS I and II) both set out clear intentions to intensify agriculture and increase national energy output (Republic of Rwanda, 2013, 2007). For example, agriculture is expected to grow by 8.5% annually and energy generation is expected to grow from 45 MW in 2006 to 563 MW in 2018, mainly through development of hydropower. These ambitions are also present at a sub-national level, with District Development Plans including provisions to modernize agriculture, invest in energy production and expand many water-intensive activities, such as mining, industrial development, and ecotourism.

These development goals place increasing pressure on limited water and biomass resources. Competition over water resources demanded by hydropower, irrigation, and water supply to major towns and various industries has the potential to create serious conflict. Meanwhile, biomass scarcity causes the country to import biomass from neighboring countries as well as having to allocate croplands to wood plantations, such as eucalyptus; in 2009, 21% of the biomass consumption was ascribed to unsustainable use of biomass and “the constant flow of charcoal into Kigali, exerts a considerable pressure on the wood resources of the country” (Drigo et al., 2013, p. vii). In addition, an intensified agricultural sector will demand more energy and water per hectare, although a modernized energy sector less dependent on traditional biomass is likely to be less land-intensive.

In order to better understand the linkages between different sectors in future scenarios, Rwanda developed its Green Growth and Climate Resilience Strategy (GGCRS) in 2011 (Republic of Rwanda, 2011). The GGCRS was developed to guide decisions around natural resource management, investments and policy as well establish demonstration initiatives to support climate resilience activities and community livelihoods. The GGCRS centers around three cornerstones, shown in Table 1.

Whilst green growth and development plans in Ethiopia and Rwanda appear impressive—and have garnered significant support from international development partners (The Economist, 2010)—these ambitious national plans raise a number of concerns. In both countries, the political reality is complex. Despite exhibiting the formal institutions of democracy, civil society remains “stunted” (Matfess, 2015). Political opposition in Ethiopia is weak (Kefale, 2011) and the failure to meaningfully engage stakeholders at all levels of society, particularly at the local level, raises key issues of equity, representation, and recognition. This is likely to further exclude those who are already politically and socially marginalized (Jones and Carabine, 2013). There have been impressive efforts in Rwanda to reconstruct and modernize the country after genocide (Uvin, 2001; Ansoms, 2008), including huge steps to achieve better gender equality in political representation, with women taking 64 per cent of parliamentary seats in 2013 (United Nations, 2013). However, citizen participation is low in areas such as policy making, formulation of laws, decision-making and development, and evaluation of local government programmes (Interayamahanga, 2011). Decentralization has not increased the voice of local people, but has merely allowed the central level to extend its influence to the local level (Ansoms, 2008). This “developmental authoritarianism” (Matfess, 2015) reduces the prospects for democratic deliberation over green growth strategies and plans and the potential for developing alternative pathways and understandings of “sustainability.”

Taken together, these issues point to the need for approaches that can “open up” space for dialog in order to deal with complex nexus issues. Such approaches need to be based on quantitative assessments of resources availabilities, as well as qualitative analysis of the impacts on whole socio-economic systems. Our goal is to develop, test and apply such an approach through a process of collaborative stakeholder dialog.

PARTICIPATORY SCENARIO BUILDING APPROACH FOR CO-EXPLORING THE NEXUS

The inherent complexity of the water-energy-food nexus approach makes stakeholder participation essential, particularly if space is to be opened up for actors with different perceptions to be heard, particularly those who are often marginalized. One way to open up space for co-exploration and dialog around nexus issues is through a participatory scenario-building approach, combining qualitative, and quantitative methods.

Scenario Building for the Water-Energy-Food Nexus

Scenario building is becoming widely appreciated as an effective way in which to explore interactions between complex social and environment systems over the medium-to-long term (Swart et al., 2004; Kok et al., 2007; Volkery et al., 2008). Essentially, scenario building is a way to posit ideas about the future, with scenarios describing how the future may develop based on a certain set of assumptions about potential drivers of change and uncertainties (Bradfield et al., 2005; Millennium Ecosystem Assessment, 2005). Exploratory scenarios are particularly relevant for investigating the water-energy-food nexus, as it allows us to explore development pathways arising from the interactions between different sectoral strategies.

Exploratory scenarios can be qualitative, quantitative or—more often than not—a mix of the two. Often a “story and simulation approach” (Alcamo, 2008) is pursued whereby qualitative scenarios—storylines or narratives—describing the broader picture of future development are quantified for use in computer-based modeling tools. Typically, each scenario represents a possible future state of the social and environmental system under consideration (Spielmann et al., 2005).

Exploratory scenarios can also be used at different levels. For example, at the global level, scenarios were used in the IPCC Special Report on Emissions Scenarios (SRES; Nakicenovic et al., 2000) and in Shared Socioeconomic Pathways (SSPs; O'Neill et al., 2015), the new scenario process replacing the SRES scenarios. On the local level there are numerous studies employing scenario planning, e.g., climate adaptation planning (Baard et al., 2011; Carlsen et al., 2013), integrated water resource management (Voinov and Gaddis, 2008) and governance of sustainable development (Bohunovsky et al., 2011).

Participation and Engagement

Building scenarios can be done in many ways. Typically scenarios are constructed by developing a storyline or narrative (as in the story and simulation approach), based around first prioritizing the most uncertain and most important driving forces. These driving forces might encompass trends associated with population growth, economic growth and urbanization, potential changes in climate and planned policies, and interventions. Given the unlimited range of scenarios that can be developed, it often makes sense to narrow down to a small number of particularly relevant scenarios based upon broad plausible storylines/narratives. A typical starting narrative is the “business-as-usual” scenario, whereby the key drivers affecting future development are on-going demographic trends, such as population growth, economic growth, and increasing urbanization. Other scenarios may be based upon the implementation of planned national polices and interventions, or on certain climate change projections.

This leads to key questions around who defines the storyline, and whose voice is represented in this version of the future? Who decides which driving forces are most important? The water-energy-food nexus presents a particular challenge given the complex inter-linkages between sectors and the different future pathways identified with by actors in different sectors. Furthermore, quantifying a given future pathway for use in an analytical scenario building may place a bias on the views of technical experts over those of non-experts (e.g., practitioners, policy makers, and the public).

How might participation improve planning and decision-making processes? Fiorino (1990) identifies three main rationales for increasing participation. The first is substantive: the public's judgments about risk are equally sound, and sometimes better, than those of experts; hence, increasing participation can improve the outcomes of planning. From this perspective, participatory nexus scenario planning can help to increase knowledge and understanding of the water-energy-food security nexus in a particular context, particularly nuanced framing with multiple perspectives. Combining factual information and analytical techniques with “local knowledge and subjective perceptions” (Pahl-Wostl, 2002) “imagination and expertise” (Volkery et al., 2008) from different stakeholder groups can help to build consensus on the current conditions and key driving forces (Andersson et al., 2008) and lead to more accurate scenarios reflecting local realities (Patel et al., 2007; Reed et al., 2013).

The second rationale for participation is instrumental: decisions that involve citizens are seen as more legitimate; hence, increasing participation ensures better buy-in, which leads to better results. Increasing participation in nexus scenario building may help to ensure “that all stakeholder groups involved have a high degree of confidence” (Andersson et al., 2008). It is vital to ensure future scenario storylines are credible, legitimate and salient, particularly “with respect to personal beliefs, the equifinality of alternative development pathways, the validation and uncertainty of assumptions, stakeholder engagement in visions development, and participatory methods” (Rounsevell and Metzger, 2010). Making sure scenarios are relevant to stakeholder needs and priorities (Reed et al., 2013) may significantly increase the chances of buy-in to subsequent policy proposals based upon the nexus analysis (Robinson et al., 2011).

The third rationale is normative: the best judge of citizens' interests are citizens themselves, hence, increasing participation is the right thing to do. This normative drive for participation is derived from the need for dialog to clarify problems, identify unavoidable trade-offs and negotiate viable solutions to complex and uncertain environmental and societal problems (Patel et al., 2007; Voinov and Bousquet, 2010; Ravera et al., 2011). Participatory processes can help trigger conversations on future developments between stakeholders who might never typically engage with each other (Volkery et al., 2008). If managed effectively, such engagement can “increase the level of understanding between the various groups and therefore ameliorates the potential for future conflicts” (Andersson et al., 2008).

Challenges to Effective Participation

Despite the allure of participatory scenario building approaches to co-explore and address water-energy-food nexus issues, there are significant challenges to ensuring participation is effective. There are many rungs on the ladder of participation; from token participation (consultation and informing) to full citizen power (partnership and control; Arnstein, 1969). Not all mechanisms that are considered “participatory” actually provide opportunities for full engagement. In some cases, stakeholder engagement is merely symbolic (Voinov and Bousquet, 2010).

Participation in nexus scenario building is made difficult by the complex issues involved, typically crossing multiple sectors beyond the knowledge of any one person. This difficulty may be amplified if the quantitative technical models used to build scenarios are inaccessible. Indeed, there is often a risk of overwhelming stakeholders (Robinson et al., 2011). Avoiding this risk requires considerable investment in time and resources to ensure that complex information and decisions are presented to non-technical stakeholders in an accessible way (Kok et al., 2007; van Vliet et al., 2010; Robinson et al., 2011).

Despite best efforts, there remains the risk of participatory processes being framed such that the range of options considered reflects the preferences of incumbent interests. In this sense, participation is used as a “technology of legitimation” (Harrison and Mort, 1998 in Stirling, 2007, p. 264). As Stirling (2007) argues, participatory processes do not inherently solve the problem associated with expert-led planning: the sensitivity to framing by powerful interests. In order to make a difference, participatory processes need to open up the decision space beyond the options preferred by those with the most power and influence. They need to better inform and determine the technical analyses, and uncover alternatives that might not otherwise be considered.

Participatory Nexus Scenario Building in Ethiopia and Rwanda

Given the potential benefits and pitfalls of participatory processes to understand and seek solutions to the water-energy-food nexus, it is important to design a structured—but flexible—process or method to effectively and sincerely engage with stakeholders as one moves between “story” and “simulation.” In our research in Ethiopia and Rwanda, we sought to co-produce different plausible development scenarios with stakeholders. In Ethiopia, the geographical scope of our study was the Lake Tana sub-basin1, while the Akagera river basin formed the geographical scope of our study in Rwanda2. The scenario co-production process in each case study was used to create space for dialog amongst stakeholders with differing knowledge, experience, priorities and political perspectives on how to address challenges and opportunities pertaining to the nexus.

The process, shown in Figure 2, was based on a set of iterative steps consisting of engagement with technical and non-technical stakeholders to identify the current state of affairs and posit scenarios about how the future might unfold, followed by quantitative modeling of these scenarios. In a workshop setting, stakeholders and the project team jointly developed the assumptions, populated the model with their own data and critiqued the results of the tool in an iterative approach until the model is deemed credible. Moreover, stakeholders analyzed the socioeconomic and environmental impacts of the results and compare them with the goals in national strategies and policies. Lastly, stakeholders participated in the formulation of new policies and technical innovations to be tested in the toolkit, thereby supporting the development of new interventions. Application of the “nexus tool-kit” in Ethiopia, including quantitative scenario modeling results on the water-energy-food nexus in the Lake Tana region, are available (see Karlberg et al., 2015a). Scenario modeling in Rwanda is still on-going and thus results are not yet published.
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FIGURE 2. Iterative participatory scenario planning in Ethiopia and Rwanda.



Initial Stakeholder Engagement and Model Development

The first step of the process consisted of initial engagement with stakeholders to understand the current context and setting, and discuss initial narratives or storylines about the future. In both case studies, local project partner(s) invited stakeholders for broader stakeholder engagement, as well as to be part of a smaller technical team who were part of developing the quantitative tools. In Ethiopia, the local project partner was the Bahir Dar University, a prominent university in the case study region. In Rwanda, and our local partner was the Albertine Rift Conservation Society (ARCOS), a conservation NGO headquartered in Kigali.

A first workshop was held with the broader stakeholder group to introduce the water-energy-food nexus concept, map out actors and institutions, define current issues pertaining to the nexus, and finally to create initial scenario narratives. In Ethiopia, 40 stakeholders attended the this first workshop, with participation from, for instance, the Bureau of Water Resource Development, the Bureau of Agriculture, the Bureau of Energy and Mines, the Fisheries Association, Environment Protection, Land Administration and Use Bureau, the Abbay Basin Authority, and Bahir Dar University. In Rwanda, around 25 stakeholders attended, representing the Ministry of Natural Resources, the Rwanda Natural Resources Authority, the Ministry of Agriculture, the Ministry of Local Government and the three districts specifically targeted in the study. In both countries, it proved challenging to attract stakeholders from the government authorities and state-owned utilities in the energy sector.

In the first workshop in both Ethiopia and Rwanda, stakeholders were initially asked to describe the current situation in terms of water and land-use for energy and food production and related socio-ecological impacts. This information was used to develop the initial reference scenario, also called “business-as-usual” (BAU). In this scenario for both cases, all existing resource management practices were assumed to remain the same, or change according to historical trends, but distributed amongst a growing population as per expected growth patterns. In order to compare this BAU development pathway, the stakeholders were then asked to generate a second scenario based on the national policy framework. For example, population growth in Ethiopia and Rwanda were expected to continue at 3.1 and 2.5 per cent per year (the figure for Ethiopia is adopted in the specific case study area). Meanwhile, agricultural transformation in both countries would continue to unfold slowly and energy transition would remain hampered by continued dependence on traditional or marginally more efficient biomass energy.

Back-to-back with the first workshop, an initial training on the quantitative tools used in the projects (the “nexus tool-kit”) was provided to the local technical team in each country. The intention was to engage experts early on to acquire knowledge on the tool-kit so that they could co-develop the application and be proficient users at the termination of the projects. Typically participants in this team were technically proficient junior/mid-level employees from stakeholder organizations, who may or may not already have prior knowledge of the modeling tools. In Ethiopia, the technical team for LEAP consisted of representatives of the Ethiopian Electric Power Company (EEPCo), the Environmental Protection, Land Administration and Use Bureau and the Mines and Energy Resources Development and Promotion Agency and Bahir Dar University. The technical team for WEAP included representatives from for instance the Bureau of Water Resource Development, the Bureau of Agriculture, the Abbay Basin Authority, the Amhara Regional Agricultural Research Institute (ARARI), and Bahir Dar University. In Rwanda, the technical team members came from for instance the Energy Utility Corporation, the Ministry of Infrastructure, the Ministry of Natural Resources, the Rwanda Natural Resources Authority, the Water and Sanitation Corporation, and a number of representatives from three districts specifically targeted in the study. In Ethiopia, it was particularly challenging to find energy experts. In Rwanda, energy experts were easier to access, but agricultural experts were difficult to access.

Based on the information gathered during the workshop, semi-structured interviews, local data-repositories made available by the stakeholders, and information found in the literature, a first model application was built using quantitative tools (“nexus tool-kit”). In our particular “nexus toolkit,” we used the Water Evaluation and Planning (WEAP) tool3 and LEAP4. These software tools are two of the most common water and energy planning tools used globally today, particularly in data scarce environments. In dialog with stakeholders, the tool can be applied to test classical “what if” questions (e.g., what if we increase the energy tariff, subsidize fertilizer, build more irrigation dams etc.). SEI's WEAP and LEAP “nexus toolkit” are modeling tools that use a broad set of data collected in the field and from other sources. The toolkit can then analyse several development pathways, conduct stakeholder analysis of outputs and finally evaluate different development pathways.

Refining Scenario Story and Simulation

After the initial model application was completed by the modeling experts, a full-week training with the technical team was held in Ethiopia and Rwanda. During this week, the local application of the model was used as the training material. For instance, in Ethiopia the WEAP and LEAP model for the Lake Tana region was used. In Rwanda, a national level LEAP model was used and a WEAP model covering the Akagera basin was used. In this way, the technical team were given the opportunity to critique and refine the model assumptions and results—given their local knowledge—and were able to direct the modeling team to better or more appropriate data as necessary. In both cases, the technical training led to the emergence of invaluable and previously inaccessible reports and associated data on energy, water, and agriculture in the respective countries.

After a period of time, during which the model continued to be refined, a second workshop with the broader stakeholder group was then conducted (yet to be done in Rwanda). In Ethiopia, this workshop employed the use of the SWOT analysis approach (Strengths-Weaknesses-Opportunities-Threats). The SWOT analyses were complemented with questions about potential winners and losers under each scenario. The insights generated by these exercises thus highlighted the implications of each development trajectory for a variety of different stakeholder groups. Based on these implications, a set of unresolved dilemmas, also under the national framework scenario, were identified. As a response to this, the stakeholders defined a third scenario, hereafter called the “Nexus” scenario. As a result, the interaction between stakeholders and scientists in Ethiopia generated a revised set of narratives as well as a clearer understanding among the scientists on which data to include in the LEAP and WEAP models for the Lake Tana region.

Co-exploring Scenario Impacts

In consecutive workshops in Ethiopia, modeling work was analyzed and critiqued by the technical team, which led to a refinement of data and assumptions in an iterative process, until the results were deemed credible. In Rwanda, these workshops will take place in 2017 and 2018. The broader stakeholder group in the Lake Tana region participated in refining the scenarios and assessing impacts, again using SWOT analysis. The outcome of participatory scenario modeling work in Ethiopia was identification of clear, yet unresolved, conflicts and trade-offs over national plans for water resource use in agriculture and energy and over current patterns of biomass resource use, as well as development of a “nexus” scenario that sought to address these conflicts and trade-offs (Karlberg et al., 2015a).

Overall, each step in the process can be iterated as necessary to further refine the models/scenarios, build competence within the technical team and increase dialog between stakeholders. When discussions move toward seeking solutions that address trade-offs, etc., then the process can be viewed as coming to a close. For instance, the dialog might lead to plans for several promising technical innovations that may have positive impacts for both transforming the agricultural and the energy sectors, such as micro-hydro schemes, bio-digesters, improved cook-stoves, water harvesting dams, conservation agriculture, etc. If the both the direct and indirect impacts of upscaling these technologies are unclear, the “nexus tool-kit” can in these cases help to quantify the resources allocations to different sectors and potential environmental impacts, as well as the production of both food and energy for different development trajectories.

DISCUSSION AND LESSONS LEARNED

In order to further explore the conceptual approach demonstrated in this paper, we relate the process and methodology applied in the two case-studies in Ethiopia and Rwanda respectively with the rationales for participation (substantive, instrumental, and normative; Fiorino, 1990), and are thus able to confirm the relevance of all three in our proposed approach to scenario building in nexus studies. Furthermore, we provide a few concrete examples from each case-study as a way to illustrate how the water-energy-food nexus may play out in resources constrained, low-income countries in the tropics, with specific focus on charcoal.

Local Knowledge

The substantive argument for participatory nexus scenario planning emphasizes the importance of local knowledge and perceptions in fully understanding the water-energy-food security nexus in a particular context. During the initial interactions with the stakeholders a number of nexus issues that were of importance in the specific local setting were identified. In Ethiopia, our initial discussion revolved around water use for irrigation, hydropower generation, and maintaining environmental flow requirements in rivers and lakes. However, in subsequent workshops it became increasingly clear that biomass use for food, fodder, and fuel was just as important. Moreover, the use of water and biomass for energy and food production were strongly linked; current over-use of biomass for fodder and fuel was causing severe land-degradation and could only be partially offset by higher reliance on alternative energy sources such as electricity (e.g., hydropower). The analysis showed that if the management of biomass was to continue unchanged, demand would exceed supply by a factor of three by 2030 (Karlberg et al., 2015b), which has potentially severe implications for all sectors depending on biomass use, such as the charcoal industry and livestock rearing. Specifically, the demand for fuelwood, partly consisting of demand for charcoal, is predicted to exceed supply of woody biomass by a factor of five by 2030, thus highlighting the urgent need to address the energy supply situation and specifically the cooking fuel component.

In Rwanda, the current overuse of biomass for charcoal production, and the governance implications thereof, was one of the entry points for discussion. Being severely constrained by productive land area, the country will need to make well-informed decisions and come to agreement on how to best make use of this land and the associated biomass. As the charcoal sector currently employs a significant proportion of the population, such decisions need to be followed by a strategy for providing alternative sources of income for those that currently derive their livelihoods from this sector, should the decision be to reduce the dependence of charcoal in the energy sector in future. Such alternatives are currently being co-explored with the stakeholders and the research team in the on-going project in Rwanda.

As discussions developed, it became clear that the interactions between the processes of agricultural transformations and energy transitions was strong and complex and that there was a need for quantitative assessments to provide illustrations of different plausible development trajectories to support the planning of natural resources management which hitherto had been based on educated guesses on the developments of the other sectors, at best. Participatory scenario building can significantly contribute to a critical review of data on issues pertaining to the water-energy-food nexus.

Legitimacy

The instrumental rationale for participatory scenario building revolves around the notion that decisions involving citizens are likely to be more legitimate. We found that the iterative process of model development and scenario refinement in Ethiopia and Rwanda helped to make the narratives significantly more relevant and appropriate from the perspective of the stakeholder groups. Moreover, by co-developing the local model application with a team of technical experts scrutinizing and contributing to data, assumptions and results, improved the quality of the application.

Also, past project experience shows that if local stakeholders can maintain a quantitative model, it has a better chance of informing decision-making. In this context a note of caution is warranted. Nexus analysis quickly becomes complex and is therefore resource consuming. Thus, before embarking on a full-scale nexus analysis, it is critical to hold an initial workshop and perform some initial sector specific quantifications of resource demand and supply to reveal if any nexus issues actually exist. It is important to remember that not everything is a nexus issue, and some issues can be managed more easily within a specific sector.

Trade-Offs and Governance

The normative drive for participation highlights the importance of stakeholder dialogue to clarify problems, identify unavoidable trade-offs and negotiate viable solutions to complex and uncertain environmental and societal problems associated with the nexus. The process highlights constraining and reinforcing interlinkages between different sectors and thus stimulates vital discussion between stakeholder groups who may not have discussed their separate future pathways with each other before. The projects brought together stakeholders from the food, water, energy, and environment sectors to discuss the implications of different development trajectories and to jointly develop new strategies that would address outstanding dilemmas. To support this dialogue, the co-creation of the scenarios and the joint analysis of the impacts resulted in a better understanding of the dilemmas facing each sector and hence a more common ownership of the development of the region by all stakeholders. Moreover, since the analysis was based on the data and assumptions made by the local experts, and provided a quantitative illustration of different development trajectories, the focus on the discussions was on impacts and options for resolving dilemmas, rather than arguing and guessing over resources availabilities. Even though there was often disagreement amongst the stakeholders on what constituted more or less desirable uses of resources, there was a shared understanding of that whatever each sector does will impact on the others. As a consequence, in Ethiopia all stakeholders expressed a need for continued dialogue to ensure cross-sector coherence. The outcome therefore was the forming of a cross sector platform for dialogue, and an improved understanding of joint issues pertaining to resource scarcity (in this case specifically water and biomass) and the needs of other sectors. The project also revealed gaps in the current policy framework that would need to be addressed to ensure a desirable future for all.

During the workshops in both Ethiopia and Rwanda, a lot of time was spent discussing which actors and/or institutions that have the mandate to govern nexus issues. This experience was also shared in a nexus rapid appraisal conducted in Zambia (Zur Heide et al., 2015). It appears that water management agencies have a central role to play, since they commonly have a mandate to plan water resources allocation amongst several stakeholders. Yet, they lack the land-use aspects and can also be said to have vested interests. On the other hand, most stakeholders did not suggest a new institution to take on the role of overseeing nexus issues. In this context, the issue of level is also important, i.e., should the nexus be managed a local, national or regional levels. It appears that most actors are present at the national level which is also where policies are being developed, so the national level will be, if not possibly the only level for nexus governance, so at least a critical one. In summary, we note that the ownership of the process is a challenge which has to be addressed in each specific local context.

Challenges

A number of outstanding challenges were also identified in both projects. Firstly, we note that actors sit at different levels at different sectors. For instance, in Ethiopia we conducted social network analyses on the agriculture, energy, water, and environment sectors (Stein, 2013). It was found that whilst agriculture, water and environment consisted of large actor networks ranging from the local to the national level, the energy network was smaller and most actors were concentrated at the national level. As a consequence, it was sometimes difficult to get participation by energy actors in workshops held at the local level. Moreover, despite the energy sector in Rwanda and Ethiopia being more than 80% biomass based (World Bank, 2009) the energy sector actors were predominantly focused on electricity. Since biomass scarcity is a major challenge and impacts greatly on land management, the lack of focus on bioenergy becomes problematic from a nexus perspective.

On a related note, it became clear during the stakeholder workshops that different stakeholders had different abilities to impact the decision on the ultimate use of resources. In Ethiopia for instance, stakeholders expressed that hydropower generation, followed by irrigation, took priority over meeting environmental flow requirements. We therefore identified a challenge to manage different power relations amongst actors in a nexus context.

Lastly, we note that implementing a cross-sector process inevitably takes time. Changing policy and planning processes normally takes longer than the duration of a research project. On the other hand, the uptake of quantitative tools to support the planning and decision-making process is faster. Overall, we conclude that the impacts of a nexus project are most likely experienced beyond the closing of the project, and therefore a strong local partner with a clear mandate to continue to support the process is critical to achieve long-term impacts.

CONCLUSIONS

The water-energy-food nexus concept takes an integrated approach to understanding ways in which human development can be pursued without adversely affecting natural resources and ecosystems. In this regard, the nexus approach has significant potential for exploring the barriers to and opportunities for sustainable production, trade and consumption of charcoal—an important and growing source of energy and income in sub-Saharan Africa. However, the complexities of the nexus require careful engagement with stakeholders to manage conflict and tensions around potential winners and losers of any future change or intervention.

In this conceptually-oriented paper, we proposed a participatory scenario-building process that facilitated engagement beyond technical aspects to include social, economic, and political concerns. Applying this participatory scenario-building process in empirical studies of the water-energy-food nexus in Ethiopia and Rwanda, we found that such a process provides a valuable space for dialogues around development pathways that are sustainable both biophysically and socio-economically. Co-production and co-exploration of quantitative scenarios stimulates vital discussion between stakeholder groups who may not have discussed their separate future pathways with each other before, and contributes to a shared understanding of how the sectors depend on each other, and therefore illustrates the need for joint solutions to outstanding dilemmas. We found that even though there was often disagreement amongst the stakeholders on what constituted more or less desirable development outcomes, there was a shared understanding of the interlinkages between the sectors and how those could be addressed. Our proposed methodology to participatory scenario building addressing the water-energy-food nexus highlights the relevance of substantive, instrumental, and normative rationales for stakeholder involvement.

Furthermore, we found that equipped with technical expertise and knowledge of how their sector fits into the broader socio-ecological landscape and system, stakeholders may be able to achieve more sustainable and equitable options to address resources allocation in the water-energy-food nexus. An outstanding challenge relates to the ownership of the processes and water-energy-food nexus related issues, which needs to adapt to local institutional structures and existing platforms for collaboration. Managing different power relations amongst stakeholders in yet another challenges which special relevance to the nexus, since by definition this topic involves an array of various actors.
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