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Abstract

:

The water-energy-food nexus is a topical subject for research and practice, reflecting the importance of these sectors for humankind and the complexity and magnitude of the challenges they are facing. While the nexus as a concept is not yet mature or fully tested in practice, it has already encouraged a range of approaches in a variety of contexts. This article provides a set of definitions recognizing three perspectives that see the nexus as an analytical tool, governance framework and as an emerging discourse. It discusses the implications that an international transboundary context brings to the nexus and vice versa. Based on a comparative analysis of three Asian regions—Central Asia, South Asia and the Mekong Region—and their related transboundary river basins, we propose that the transboundary context has three major implications: diversity of scales and perspectives, importance of state actors and importance of politics. Similarly, introducing the nexus as an approach in a transboundary context has a potential to provide new resources and approaches, alter existing actor dynamics and portray a richer picture of relationships. Overall, the significance of water-energy-food linkages and their direct impacts on water allocation mean that the nexus has the potential to complement existing approaches also in the transboundary river basins.
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1. Introduction


Nexus-nexus everywhere—the water-energy-food nexus (“the nexus”) has been recognized, promoted and also criticized by a variety of actors (e.g., [1,2,3,4,5,6,7,8,9,10,11,12]) during the past 5 years. As a result, the number of nexus studies, articles and even special issues is rapidly increasing. And for good reason, given how critical the three ‘nexus sectors’ of water, energy and food are for the very existence of humankind.



Yet, no commonly agreed definition or conceptual framework for the nexus has emerged and therefore different organisations and authors—intentionally or not—interpret its essence quite differently. Even the very name of the approach is not consistent, with the three nexus sectors written in differing order and the term “security” both included and excluded from the term. The actual number of nexus sectors also differs, focusing sometimes only on two sectors (e.g., [13,14]) or extended to additional sectors such as climate change [15,16], ecosystems [17] and livelihoods [18]. The terms change too, for example, food is sometimes replaced by land [19]. The actual context where nexus is applied varies greatly as well, ranging from cities [2,20,21] to transboundary river basins crossing international borders [17,22,23,24,25]. Despite all these publications, the actual added value provided by the nexus approach in different contexts remains partly unclear and also contested.



This article—published as part of the Water journal’s “Water-Energy-Food Nexus in Large Asian River Basins" special issue—aims to provide some clarity and structure for the current nexus discussion in the specific context of transboundary river basins. This also means that we focus on the nexus from a water management point of view. We start by synthesizing definitions for the nexus concept based on interpretation of its historical emergence and reflections on its popularity, building on analysis of relevant nexus literature. This provides a foundation for an illustrative comparative nexus analysis for three regions centred around selected transboundary Asian river basins. Based on this analysis as well as the relevant findings from the other articles published in this Special Issue [17,21,26,27,28,29,30,31,32,33], we then discuss what the nexus means in the specific context of transboundary river basins, noting the implications that transboundary context bring to nexus approaches, and vice versa.




2. Water-Energy-Food Nexus: Defining the “Nexus Approach”


2.1. The Emergence of Water-Energy-Food Nexus


Water, energy and food are the key prerequisites for our existence, there is no life without them. They are also closely linked with water acting commonly as an enabler and in the areas of water scarcity, limiter for food and energy production [34,35,36]. Globally, food production comprises the great majority of consumptive water use [37,38], while the most important renewable energy production types in particular, including hydropower, bioenergy and waste, are dependent on water [39]. Hence, the idea of looking at these three aspects and their connections together is in no way new (e.g., [40,41,42]). In fact, it can be argued that scientists, public officials and other practitioners have been well aware of such interactions for many decades; it has just not happened under the specific term “nexus”.



What then, has led to the rapid increase in nexus-related literature since 2011 (a search in Google Scholar for ”water energy food nexus” generates just 7 results for year 2011 but 254 results for year 2015)? We argue that the reason is two-fold. The first is increased awareness about the economic risks included in the nexus. The second is the drive to promote the nexus as a new framework for global policy debate about the linkages between resource use and development and ultimately, about the means to facilitate sustainable development.



For the former, the key publication is the World Economic Forum’s Global Risks 2011 report [4], which concluded that water, food and energy security are chronic impediments to economic growth and social stability, emphasised their interrelatedness and noted the importance of addressing the nexus trade-offs. For the latter, the discussion emerged first and foremost thanks to the Bonn2011 Conference on water, energy and food security nexus [1,2]. While the conference failed in its aim to include the nexus into the outcome document of 2012 United Nations Conference on Sustainable Development, it was successful in entering the nexus into global policy discussion more broadly. The conference linked the nexus strongly to hunger, poverty reduction and a human rights and recognised two major aspects for the nexus: one related to poverty reduction and the other to sustainable development and growth [1]. The methodological emphasis is similar to that of World Economic Forum, with a focus on trade-offs and synergies.



Other relevant publications and processes have pushed the nexus agenda further as well. In addition to the publications referred to in Introduction for example, the 2011/2012 European Report on Development [43] looked at linkages between water, energy and land, the annual World Water Week in Stockholm has discussed the nexus in many of its sessions in recent years and the UNECE has established a water-food-energy-ecosystems nexus task force that looks at the nexus in selected transboundary river basins [17]. Yet, even with all these publications and processes, there is no general agreement on what the nexus is and what a “nexus approach” actually means and requires. Actual empirical evidence on the benefits and caveats of applying a nexus approach is also relatively thin, although rapidly increasing [17,19,21,30,44].




2.2. Three Perspectives and Definitions for the Nexus


We argue that there are three interlinked perspectives and related definitions for the water-energy-food nexus, stemming from differing interpretations and expectations. First of all, many (see e.g., [2,3,45]) consider the nexus predominantly as an analytical approach or tool, intended to look at the three nexus sectors and their interconnections, often mainly quantitatively based on existing data and related models. This could include consideration of other sectors that have a major influence on one or more of water, energy and food.



The nexus also emerges as a governance framework, intended to facilitate cross-sectoral collaboration and enhance policy coherence across planning and management of the nexus sectors (see e.g., [1,43,46]). The third perspective can be seen to provide a foundation for the others, where the nexus emerges as a boundary concept [47,48] that is used to form a new discourse related to the use and management of water, energy and food [8,49,50,51]. The nexus is used as a means of establishing a new way of framing problems [52] related to water-energy-food linkages, complementing dominant, often more water-centred and technical (e.g., [22,53]) discourses, for example surrounding Integrated Water Resources Management (IWRM) [54].



Based on the discussion above, we can now provide our definitions on what a “nexus approach” is according to each perspective:

	
A nexus-based analysis is a systematic process that explicitly includes consideration of water, energy, food and other linked sectors in either quantitative or qualitative terms with a view to better understanding their relationships and hence providing more integrated information for planning and decision making in these sectors.



	
A nexus approach to governance is one that explicitly focuses on linkages between water, energy, food and linked sectors as well as their related actors in order to enhance cross-sectoral collaboration and policy coherence and ultimately promote sustainability, win-win solutions and resource use efficiency.



	
The nexus is an emerging discourse that emphasizes the trade-offs and synergies across water-energy-food connections and encourages actors to cross their sectoral and disciplinary boundaries (i.e., acting as a boundary concept).








Each of these broad definitions can and has been followed independently and can be expressed in more precise terms in many different ways, which explains the broad range of nexus approaches and definitions that have been observed to date. Without denying the legitimacy of other interpretations, we argue that an ideal nexus approach would integrate these three definitions and hence draws on disciplines across four levels: value, normative, pragmatic and empirical [55]. The value level corresponds to disciplines interested in values and ethics; the normative level to laws, politics and planning; the pragmatic to management and technological disciplines; and empirical to understanding of the biophysical and social world (Figure 1). The different perspectives of the nexus together span these levels, but in the ideal nexus approach the individual perspectives are transcended and integrated to form a broader view. For the complex problems related to water, energy and food security, it is as important to understand cross-level linkages between disciplines and between nexus perspectives as it is to understand cross-sectoral linkages themselves.



An ideal nexus approach therefore consists of a systematic process for both analysis and policy-making that focuses on the linkages between water, energy, food and other linked sectors to promote sustainability, synergies and resource use efficiency. Quantitative analysis helps to understand interconnections, particularly focusing on critical dependencies and means of reducing trade-offs. Analysis of the governance context identifies key actors, policies and legislative frameworks relevant to these connections. It should pay particular attention to politics as the lack of cross-sectoral collaboration is usually not merely due to lack of appropriate mechanisms and approaches, but relates first and foremost to the fight over influence and power between different sectors and actors [8,51].



Analyses should also remain open to changes in scope, recognizing that the nexus is also a dynamic boundary concept that encourages interaction on these key issues. For example, it should, where relevant, include related issues such as non-food, non-energy commodity agriculture that does not strictly fit within water-energy-food linkages. Together, these analyses inform efforts of the actors involved to manage interactions between sectors, facilitating policy coherence and cross-sectoral collaboration and potentially creating new ways to look at water-energy-food linkages.



Taken together, the different perspectives and levels of the nexus emphasise the need to have an integrated view on the nexus. Yet, very few nexus analyses have to our knowledge considered all these different perspectives, with one of the exceptions being the UNECE’s Task Force on the Water-Food-Energy-Ecosystems Nexus. As described by another article in this special issue [17], the work of the task force builds on a coherent analytical approach that also addresses the governance context and aims ultimately to revise the way the UNECE views and assesses its transboundary waters. While recognising that it is difficult to achieve this level of integration under any single process or project, we see this as an ideal worth striving for—while leaving room for “better” visions and definitions of the nexus as they emerge.



In relation to transboundary contexts specifically, the linkages in question may occur across boundaries and on large scales. Thus, information must typically be integrated from disparate sources, collaboration must occur between politically independent entities and perspectives on the nexus are likely to differ markedly. The comparative analysis in the next section and the subsequent discussion aim to further highlight these issues.





3. Comparative Nexus Analysis in Three Asian Regions with Large Transboundary River Basins


This section presents a comparative nexus analysis for three regions, namely Central Asia, South Asia and the Mekong Region in Southeast Asia and their related transboundary river basins (Appendix A). The discussion section draws on this comparative analysis to identify key implications of the transboundary river basin context for the nexus and vice versa. Consistent with our approach to look at the nexus from a transboundary water management perspective, transboundary river basins are used as focal points. However, broader regions are used for this comparative analysis, recognising that energy and food interconnections are not limited by river basin boundaries (Appendix B).



The analysis builds on the concept of a “nexus triangle” (Figure 2), which summarizes key nexus interconnections and the relevance of each nexus sector in each region. As the name suggests, the purpose of the comparative analysis is to provide a general comparison of how the nexus manifests itself in different transboundary regions with large river basins. It builds on our previous research in these regions (e.g., [27,30,56,57,58,59,60,61,62,63,64,65,66]) as well as key literature referred to in the text. Comparative analysis is not intended to provide an in-depth analysis of a nexus situation in any particular region or river basin.



3.1. Central Asia


Central Asia here refers to Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan and Uzbekistan, who notably share the Aral Sea basin. Key aspects of the history of the nexus in Central Asia are the need for irrigation in arid areas, winter heating in mountainous areas and environmental impacts from water abstraction and hydropower. Oil and gas production have an important role in Kazakhstan, Turkmenistan and Uzbekistan for national and regional energy security.



During the Soviet era, the water, energy and food sectors were developed in a closely connected manner. Downstream riparian states focused on developing agricultural production (particularly cotton) and provided fossil fuel for heating, while upstream states stored water to facilitate agricultural production downstream as well as to produce hydropower energy [26,67]. The Amu Darya and Syr Darya Rivers were seen as resources to be utilised to allow development, in what has been described as a “hydraulic mission” [68]. Unsustainably high water use, particularly for irrigation, has led to high water stress and resulting environmental consequences, most visibly on the Aral Sea [27,69,70,71,72]. Today, key aspects and challenges of the nexus in Central Asia are linked to the historic infrastructural interdependences via water storages, dams and power grids, and high profile competition over the water resources [26,27,28,67] (Figure 3).



After becoming independent, the Central Asian countries were left in a state of high level interdependency with the individual states increasing their focus on national interests [26]. The view of the nexus shifted to emphasise agricultural development and food security. The expansion of irrigation has resulted in demands by all to increase the historic water quotas [67,71], despite already unsustainably high water use. Water availability for agriculture is also affected by infrastructural interdependencies. For example, Uzbekistan and Turkmenistan have a very tense relationship over water use, as the water storage infrastructure providing water to the region’s largest water user Uzbekistan is located in Turkmenistan [67].



Meanwhile, upstream countries are highly dependent on hydropower production (Appendix A) and therefore defend their right to use the hydropower potential of the rivers, much opposed by the downstream countries that are dependent on reliable quantity and quality of water [70]. Instead of emptying the reservoirs in the summer for the irrigation of downstream cotton fields, as they used to do, the upstream riparians now have an interest in storing the water to use for hydroelectric power in the winter [71]. Efforts have been made to maintain or renew Soviet-era bilateral barter arrangements as well as establish regional bodies for cooperation and coordination, such as the Interstate Commission on Water Coordination, International Fund to Save the Aral Sea and Basin Water Management Associations. Difficulties have however arisen over disputed prices, breach of agreements, lack of confidence in regional bodies and mutual distrust [73]. Strategic water management is further undermined by inaccurate and politicised national water use data which skews the discussion on possible cooperative strategies on water management in one way or another [67].



Going forward, successful management of the nexus in Central Asia and its transboundary rivers depends on fostering trust and cooperation, revitalisation and capacity building within public sector organisations [28,73], shared understanding of limits (e.g., environmental needs and water availability) and norms (e.g., contractual obligations) [27], and agreeing on compromises that maximise total benefits across the water-energy-food nexus rather than national benefits that often focus on one of the nexus sectors alone [29] (Figure 3).




3.2. South Asia


South Asia and its major transboundary rivers, the Indus, Ganges and Brahmaputra, cover seven riparian countries: Afghanistan, Bangladesh, Bhutan, China, India, Nepal and Pakistan. Across this vast and very densely populated region (Appendix A), water plays a key role for both food and energy security (Figure 4). Agriculture, particularly in the Ganges and the Indus, is very dependent on intensive irrigation [74,75]. Water for irrigating crops is largely pumped from groundwater, requiring a lot of energy, such that energy use is intensifying: there was a sixfold increase of electricity consumption per 1000 hectares of cultivated land from the year 1980/81 to 1999/2000 [76]. The groundwater extraction lowers the groundwater tables, thus exacerbating current water scarcity and impacting downstream water availability [77].



Both the Indus and the Ganges are under extreme pressure. The Indus basin faces severe water scarcity during eight months of the year, while the Ganges River is experiencing decreasing flows during the dry season [75,78,79] (Appendix A). The downstream riparians are highly vulnerable to upstream water use, while having no control of upstream water flows [61,80]. As a large part of the region is energy and water deficient, food production through intensive and energy-consuming irrigation has a significant impact on overall water and energy security.



These complex interdependencies combined with increasing pressures to intensify food and energy production have led to ambitious plans for ensuring water, energy and food security. These include massive plans to tap the abundant hydropower potential of the rivers [80,81,82]. The proposed dams will have potential transboundary environmental and social impacts, which will create pressures for the other nexus sectors. In terms of energy, the region is also highly dependent on bioenergy such as fuelwood, crop residues and animal dung as a residential energy source [83]. Bioenergy has an important role for the nexus as well, since it is potentially a very water- and land-intensive energy source and can increase the need for energy-intensive chemical fertilizers as animal wastes are diverted to fuel [84]. The shortage of energy has also led to increasing dependence on imported oil in Pakistan, India and Bangladesh, with oil imports doubling in India during 2003–2013 [83]. The region is also extremely dynamic when it comes to urbanization, population growth and industrialization, creating expanding demands and additional challenges for water, energy and food security and their interlinkages [76].



In terms of governance, the region’s water, food and energy nexus constitutes a highly complex entity. In India and Pakistan, even the coordination of water and agricultural activities at the provincial level has proven to be quite challenging [85,86]. A number of transboundary water treaties have been signed on sharing the main rivers of the region. The most important among them include the 1960 Indus Water Treaty between India and Pakistan, as well as the 1996 Mahakali Treaty between Nepal and India and the 1996 Ganges Water Treaty between India and Bangladesh [87]. While they provide a fairly good basis for transboundary governance of the Indus and Ganges basins, in practice the water related policy-making is overly nationalistic and integration of policies of nations and sectors has proven to be difficult [88]. The history of Pakistan, India, Nepal and Bangladesh is riddled with distrust and tensions [89], and China’s absence from the transboundary treaties makes governance particularly difficult in the Brahmaputra basin.




3.3. Mekong Region


The Mekong Region consists of the six countries sharing the Mekong River: China, Myanmar, Lao PDR, Thailand, Cambodia and Vietnam. The region is urbanising and developing rapidly, notably with massive plans for hydropower in several rivers [90,91], which has significant implications for environment and natural resources. On the other hand the current levels of water stress in the region’s major transboundary rivers—Mekong, Irrawaddy and Salween—are remarkably less than for the rivers in other two study region (Appendix A). Yet, the transboundary Mekong River presents a topical case for the water-energy-food nexus due to its rapid hydropower development and the major importance of water and related resources—including fish and rice, the region’s staple food—for regional food security (Figure 5) [32,66,92,93,94,95]. The high availability of water has enabled the region to become one of the world’s largest rice producers, and the Mekong River itself is considered to be one of the world’s most productive inland fisheries [96]. The water-related activities are an important part of the regional economy and provide livelihoods and food security for millions of people [97].



Rapid regional development has led to increasing demand for energy, which has resulted in extensive hydropower development [98,99]. In the Mekong Basin alone, there are currently 57 large hydroelectric dams (height > 15 m) and plans for over 100 more [100,101]. This would remarkably increase the hydropower production capacity in the region: while the existing dams have a capacity of 18,960 MW, the planned dams have a total capacity of 54,830 MW. A large share of the ongoing hydropower development occurs in upstream China and Lao PDR. The construction of hydroelectric dams in China is driven by increasing energy demand, particularly in the eastern parts of China and by the need to reduce emissions from energy production [102,103]. In Lao PDR, the domestic need for electricity is relatively low and the hydroelectric dams are built to generate revenue by exporting electricity to neighbouring countries, such as Thailand [104]. The hydropower development in the region is also fuelled by investments between the countries and outside the region [90,105].



The hydropower development in the region will improve regional energy security but it will have direct implications on food security. While the dams are expected to improve irrigation opportunities for agriculture [106], they will have major negative impacts on the aquatic ecosystems [96,107,108] and thus on livelihoods and food security [97]. In the Mekong River, the dams will affect the flow regimes [109], sediment [110] and nutrient transport [111] and fish migration [112], which are all key factors of the immense fisheries of the river. The annual wild fish harvest in the lower Mekong Basin is estimated to be 2.2 million tonnes and the value of the fisheries at retail markets is estimated to be 4.3–7.8 billion US$ [108,113]. The interplay between water, energy and food security has strong cross-scale characteristics: while hydropower development is largely taking place upstream and facilitated by regional energy grids, its negative implications, particularly on ecosystem productivity, are accumulating at local scales downstream [30].



In addition to hydropower, bioenergy and imported oil, gas and coal are important sources of energy for Southeast Asia [114]. Bioenergy continues to be the main source of energy for residential energy consumption, while imported oil required for energy production and transport (including those of agricultural products) has been steadily increasing [83,107]. The production of biofuels can have major sustainability implications related to land use, food security, rural livelihoods as well as water and land security [115,116].



The Mekong has existing regional cooperation mechanisms related to water, energy and food, most notably the economic- and energy-focused Greater Mekong Subregion (GMS) Programme and the river basin-focused Mekong River Commission (MRC). The MRC includes the four Lower Mekong riparians as its member countries and structures its activities according to the IWRM principles. On the other hand, the MRC has noted that “the practice of true involvement, and ownership, of the food and energy sectors in IWRM is often lagging behind, which is what the water, energy and food security nexus approach aims to solve” [22]. As a result, the MRC has also recognised the relevance of the nexus approach for its work [22,117]—and for a good reason, given that it has so far been largely sidelined from the massive hydropower development plans in the region [32,118,119].



Finally, it must be noted that there are naturally many “flows” other than the river itself connecting the countries in our study regions and the volumes and directions of transboundary flows of water, energy and food differ remarkably from each other. Appendix B provides an example of such flows for the Mekong Region. As can be seen, some of these flows also have important connections beyond the region itself. For example, given that one of the key questions in the region is how to replace the fish protein lost due to hydropower development [120], the significance of global food trade in ensuring regional food security is likely to increase.





4. Discussion: Implications of Transboundary Water-Energy-Food Nexus


In this article, our view on the nexus is at regional, i.e., transnational, level and on transboundary river basins in particular. The preceding comparative analysis and the findings from other articles in this Special Issue demonstrate the challenges and opportunities for the transboundary water-energy-food nexus. In this section, we discuss these from two opposite viewpoints; first from the viewpoint of what the transboundary context brings to the nexus and then from the viewpoint of what nexus approaches bring to transboundary contexts (Figure 6). Given that nexus approaches are used in different contexts, it is useful to highlight distinctive features in a transboundary context. Given that the nexus is one of many ways to tackle transboundary issues, its particular contributions need to be highlighted. There is a clear link between these two viewpoints, as the contributions of the nexus can only be achieved if the distinctive features of the transboundary context are adequately addressed.



4.1. Transboundary Context’s Implications for the Nexus


We see that the transboundary context impacts the implementation of the water-energy-food nexus in three main ways, which are particularly relevant to the use of the nexus respectively for analysis, for governance and for discourse formulation. Firstly, the transboundary context requires an increased emphasis on multiple geographical scales and on diversity of different perspectives. Secondly, international transboundary contexts have distinctive key players in the nexus, notably nation-states. Thirdly, these two factors emphasise the importance of looking at the political aspects related to the nexus, which may help to broaden the nexus as a concept in that direction.



First of all, looking at the nexus in transboundary river basins and their regions necessitates the consideration of multiple geographical—and related institutional and political—scales, from local to national and to regional scales [121,122]. This kind of multi-scale context brings several challenges, ranging from the difficulty to obtain relevant information to increased complexity of nexus linkages that cross scales. In the Mekong, for example, our comparative analysis indicated that while the most relevant scale to look at food security is regional, even global, the most appropriate scale for energy security is regional and for water security, the basin scale (Mekong) and even local scale (Tonle Sap). More broadly, the characteristics of water, energy and food sectors vary significantly, including the importance of private and public ownership and trade in each of them. Analysis at the transboundary context may therefore face different problems depending on the sector. The multi-scale character of transboundary settings can thus also create scale mismatches [123], where the scale for managing the nexus is different to the (multi-scale) processes that are being managed.



The transboundary context also requires consideration of a greater diversity of perspectives, as multiple institutional and political scales usually mean less social cohesion and more heterogeneity on views towards the nexus when compared to a river basin within a single country. The transboundary context unavoidably includes several countries, all of them with their own view and interests towards water, energy and food. This, in turn, is likely to lead to increasing resource politics and even resource and water securitisation. Such a situation is visible in Central Asia, where the change from the centralized Soviet era to independent states inserted an additional institutional and political layer to the transboundary context, leading to very complex and politicized collaboration. In such a setting, the countries view the nexus and its sectors differently: in upstream Tajikistan, water enhances its energy security, while Uzbekistan and Turkmenistan see water as vital for their agriculture. From the nexus point of view, it is also noteworthy that downstream agriculture in the Amu Darya and the Syr Darya basins revolves around a non-food crop, cotton. This reminds us that the nexus may need to be broadened beyond a narrow focus on just water, energy and food.



Turning to the second issue, the transboundary context influences which actors are most prominent and exert power over the nexus. Given that international transboundary river basins by definition cross national boundaries, the transboundary context easily implies state-centrism, the key actors on negotiating and deciding on the nexus being nation states and their representatives. While such state-centrism has its problems [124,125], it also means that there are often already existing organisations and institutional arrangements facilitating transboundary cooperation. In our comparative analysis, these include legal agreements such as the Mekong Agreement [31,126] as well as the bilateral treaties in the South Asian river basins [87]. While the existing organisations are commonly water-focused (e.g., river basin organisations), they often extend their activities towards (water-relevant) parts of food and energy sectors (e.g., [17,97,117]).



This brings forward an interesting question: in the context of transboundary waters, should the nexus be implemented through already existing organisations (mainly River Basin Organisations i.e., RBOs), or is it better to establish a novel cooperation mechanism for implementing the nexus? The answer to this question depends also on how we view the nexus; as a water-centred approach to support water resources management or as a process linking the three sectors together on broader and more equal terms. Given that the majority of current nexus analyses are water-centred and the nexus literature emphasises the importance of building on existing institutional settings [2], different river basin organisations have been actively engaged in nexus discussions (e.g., [17,22]). While the nexus can help to refocus the RBOs’ activities and extend their understanding and even political leverage [25], we nevertheless feel that the nexus as a multisectoral and multilevel process should preferably not have a single owner. Rather, it would be important to implement the nexus through a multi-stakeholder process [127,128,129], where key actors from food and energy sectors also take initiative and ownership of the process. It could be, for example, initiated by executive branches of government or by a third party (for example, see [17,46]). As a flow-on effect, such a process could encourage sharing of analyses and data between sectors as well as countries. This may be an opportunity for building trust and transparency but could also be constrained by existing political as well as technical difficulties, as discussed above (see also [130,131,132,133,134]). These changes are consistent with the dominant nexus discourse, in which each sector is expected to take into account their effect on the others. The implication is that the sectors are expected to share their responsibilities (and hence power), at least to some extent.



Thirdly and related to the above, the transboundary contexts are inherently political. Yet, key publications (e.g., [2,4] establishing the nexus as a concept are relatively silent about politics, although several authors have emphasized its importance (e.g., [8,30,51,135]. In our opinion, without consideration of the often highly politicised nature of resource use, the analytical approach to the nexus is at risk of being naïve. As shown in our comparative analysis, applying nexus in transboundary contexts thus puts an increased emphasis on the importance of politics; this in turn, can help to revise the existing understanding of nexus as a concept to better acknowledge politics. More broadly, the transboundary context can encourage us to re-consider the “discourse-setting” realities of the nexus. While the nexus may indeed act as a handy boundary concept to challenge the existing discourses on water-energy-food connections, it is by no means neutral. Instead, it also forms a tool that is used to shape such discourses. This is particularly important in areas like South Asia that are experiencing multiple pressures with widespread impacts on all parts of the nexus, such as urbanisation, population growth and industrialisation. Given the current water-centrism of the nexus literature, we should also allow food and energy sectors to forge their own view of the nexus and the way it shapes the discourse related to water-energy-food connections. This may lead to varying conceptualisations of the nexus (in terms of all three perspectives), depending on the context.




4.2. Nexus’ Implications for Transboundary Issues


Based on our comparative analysis, we argue that the nexus has three main implications for water, food and energy issues in transboundary river basins and their regions. Similarly to the preceding section, these implications can be linked to using the nexus approaches from the perspective of analysis, governance, and discourse-setting. Firstly, the nexus may provide new resources and approaches for transboundary cooperation. Secondly, the nexus alters actor dynamics by engaging key actors from energy and food sectors. Thirdly, the nexus can help to reset transboundary cooperation between the riparian countries by extending thinking about cooperation from water resources management to broader aspects of water, energy and food security.



The nexus can bring new resources and approaches for transboundary cooperation. In addition to setting the focus on selected sectors only, the nexus also emphasises the importance to look at the interconnections and related trade-offs between those sectors. In South Asia, problems of groundwater over-extraction are closely linked with energy pricing policy and sustainability of livelihoods. The comparative analysis shows that nexus approaches are already being used in practice. There is a need and opportunity for tools to mature to provide additional support and help make better cross-sector decisions. This need is doubly pressing given that nexus sectors and their relationships are changing, as with the Mekong shift from subsistence to market economy-based food supply. It becomes more difficult to predict new trade-offs, conflicts and synergies that may emerge. Emerging literature on nexus approaches and methods (e.g., [6,21,136,137]) provides a fruitful ground to reflect and possibly, revise the existing methods and tools used to support transboundary cooperation. The majority of the current discussion on the nexus is however rather water-centred and -driven and we thus see that there is great potential for cross-fertilisation between the three sectors, if water, energy and food researchers and practitioners are brought together (as has already been happening in terms of water-food and water-energy nexus). In addition, the current enthusiasm about the nexus can mobilise additional funding and expertise to look at the interconnections between water, energy and food in transboundary contexts, both through specific funding calls (e.g., [138,139,140,141]) and in framing funding proposals.



Active engagement of energy and food sectors can also change the existing actor dynamics in transboundary cooperation by including more actors in its governance. The riparian countries’ views towards water-energy-food linkages are by no means monolithic but different ministries may harbor quite differing interests. In the Mekong River Commission (MRC) for example, each of the four member countries is currently represented in the MRC Council only by the water and/or environment ministry [142]. An alternative high-level nexus working group could include representatives also from energy or fisheries-related ministries. Such a setting could result in novel discussions and even new kinds of cross-state alliances where for example, the representatives responsible for energy or fisheries would find common ground. As was also found in a workshop setting [30], explicitly naming the nexus sectors can help to bring the actors together. In this way, the nexus can also complement and even challenge existing power structures related to transboundary governance. However, achieving these outcomes requires existing and evolving political realities to be acknowledged and the food and energy sectors must also buy into the nexus approach, as argued above. Otherwise, some key actors may prefer to act unilaterally, as is the case with Laos and its energy plans in the Mekong.



Cooperation about management of transboundary river basins typically revolves around water and related sectors. While such a focus is obvious, it may also hinder the countries from reaching an agreement about the development of the river by focusing on difficult upstream-downstream relations, as illustrated by all comparative case studies. By extending the discussion into energy and food security and their regional linkages, the nexus paints a richer picture of the relations between countries and, ideally, a more integrated understanding of the range of linkages between the countries. It emphasises the need for assessing the total impacts on water, energy and food (including those to economy and the environment) and raises awareness that alternative approaches to water, energy and food issues may exist. In this way, the nexus may open political deadlocks and encourage regional cooperation. In focusing on water, energy and food, it provides a more concrete context to examine benefit-sharing options [29,133,143].



Broadening scope can however carry its own difficulties, introducing new dependencies [27] and requiring new approaches, as argued above. Otherwise, focusing on the nexus may actually make the current situation more difficult rather than easier. For example, in Central Asia, nexus-wide infrastructure and economic arrangements developed in the Soviet era were dependent on centralized economic planning and barter arrangements [68], for which the now-independent states are still struggling to find a durable alternative [27]. In the Mekong Region, the recognition of impacts of dams spanning the nexus has not yet been accompanied by potential solutions that span the nexus, which has paralysed collective action and allowed unilateral action to proceed [59,118,119]. These examples confirm that the possible changes in discourse prompted by the nexus need to be adequately supported by related adjustments in governance and analytical approaches.



These issues of scope extend beyond the nexus: the concepts of sustainable development and IWRM also try to provide a richer picture of relationships, with varying success. Sustainable development encourages cross-sectoral collaboration while emphasising triple bottom line outcomes on environmental, economic and social aspects [144]. IWRM—which has been recognised by several UN processes such as the Sustainable Development Goals (SDGs)—builds on the concept of sustainable development and emphasises how other sectors relate to water management [54]. The nexus provides an intermediate view that explicitly focuses on water, energy and food sectors and their actors and can even be seen to have arisen as a more focused, tractable response to the broad and ambiguous nature of sustainable development [145]. As shown in the comparative analysis, it can be useful to frame problems as arising specifically from the interaction between actors from different sectors rather than as issues of sustainability or integrated water management more generally. It has been argued that the nexus as a concept therefore provides a complementary view, contributing to the diverse ways of thinking about sustainability and water, energy and food issues (e.g., [16,22,30,49]). In the specific context of transboundary river basins, the nexus can also increase political leverage to address complex water-energy-food connections, which IWRM processes and RBOs tend to lack.





5. Conclusions


In this article, we examined the nexus approach to water, energy and food issues, focusing on its application in the context of transboundary river basins. The literature reviewed for the article shows the diversity of nexus-related publications, but also indicates that there is still little practical evidence on nexus and that there is not even commonly agreed definition for the nexus.



We introduced three definitions for the nexus, corresponding to three complementary perspectives, which emphasize the nexus’ role as an analytical approach, governance framework and as an emerging discourse. While the nexus discussion often focuses on the linkages between three nexus sectors, we see that due to complexity of water-energy-food connections, it is actually as important to understand cross-level linkages between disciplines and between nexus perspectives as it is to understand cross-sectoral linkages themselves. Hence, an ideal nexus approach would integrate all three of these perspectives. Indeed, given that water-energy-food issues have been well recognised already for decades, integration of the perspectives is important for the nexus to provide added value for current planning and management practices.



We then focused on the implications that transboundary context brings to the nexus as an approach and vice versa. Based on our comparative analysis of three Asian regions and related transboundary river basins, we concluded that the transboundary context has three major implications: the diversity of scales and perspectives, the importance of state actors, and the importance of politics. On the other hand, introducing the nexus approach in a transboundary context has the potential to provide new resources and approaches, alter existing actor dynamics, and portray a richer picture of relationships. These two sets of implications are linked, and also span the three perspectives on the nexus, demonstrating the usefulness of an integrated view (Figure 6).



According to our assessment, the use of transboundary water-energy-food nexus is worth pursuing but there are still issues that need to be addressed in its implementation. The nexus is not a mature concept and experiences on its benefits and caveats—in transboundary and other contexts, and in relation to other approaches—need to be strengthened. One fundamental issue is that the possibility to alter existing actor dynamics means that the ownership of the nexus should not rest on any single, sectoral organisation (such as a River Basin Organisation) but it should be implemented through a multisectoral, multistakeholder process. Such a process would also encourage interest in the nexus approach by food and energy sectors. Given that the nexus is still largely water sector driven, such buy-in is crucial for the success of the nexus approach.



At the same time, we should remember the facts on the ground: the pressures of food and energy production on water and the importance of the river-basin scale for understanding water flow, allocation and use. The issues on which the nexus focuses are fundamental and any effort to better understand and manage them should be encouraged—particularly in transboundary situations, where various approaches related to water, energy and food have been applied but which still regularly remain complicated and ‘deadlocked’. Admittedly, the fact that the nexus is not as established a concept as, for example, IWRM means that it may still fade from fashion. In the meantime, however, the nexus could make some researchers and practitioners think about relationships between food, energy and water in new ways. With its focus on three critical sectors and their interlinkages, the nexus has potential as a complementary approach to support water resources management, transboundary cooperation and, ultimately, sustainable development.
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Appendix A. Selected Water-Energy-Food Data on Three Study Regions


The tables below show selected water, energy and food-related data for the three study regions, namely Central Asia (Table A1), South Asia (Table A2) and the Mekong Region in Southeast Asia (Table A3). The data aims to provide a quantitative indication of the issues that are qualitatively described in the nexus triangles. The data is grouped according the countries and/or key transboundary river basins. The definitions and sources for the data are listed in Table A4.



In the tables, hydroelectric production indicates electricity production from hydroelectric sources [% of total], while water shortage is calculated as renewable water resources per capita per year (moderate if 1000–1700 m3/cap/yr, high if <1000 m3/cap/yr) and water stress as water consumption/renewable water resources (moderate if 20%–40%, high if >40%). The letters in the parentheses under each transboundary river basin refer to the riparian countries.
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Table A1. Selected water-, energy- and food-related data for the countries and transboundary river basins in Central Asia.
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Central Asia






	

	

	

	
Population

	
Net Energy Imports

	
Hydro-Electric Production

	
Access to Electricity

	
Energy Used in Agriculture and Forestry

	
Food Supply

	
Food Self-Suffiency

	
Area Equipped for Irrigation

	
Water Shortage

	
Water Stress

	
Share of Water Withdrawals




	

	

	

	
[millions]

	
[% of energy use]

	
[% of total]

	
[% of population]

	
[% of energy use]

	
[kcal/cap/d]

	
[% of kcal requirements produced domestically]

	
(% of total land area)

	
(ha/capita)

	
[m3/year/capita]

	
[%]

	
Irrigation

	
Electricity

	
Manufactur.

	
Domestic




	
Countries

	
Afghanistan

	
A

	
28.4

	
-

	
-

	
43%

	
-

	
-

	
-

	
5%

	
0.106

	

	

	

	

	

	




	
Kazakhstan

	
Kz

	
15.9

	
−120%

	
9%

	
100%

	
2.5%

	
3225

	
196%

	
1%

	
0.170

	

	

	

	

	

	




	
Kyrgyz Rep.

	
Kg

	
5.3

	
58%

	
93%

	
100%

	
5.1%

	
2771

	
79%

	
6%

	
0.151

	

	

	

	

	

	




	
Tajikistan

	
Tj

	
7.6

	
26%

	
99%

	
100%

	
17.9%

	
2134

	
36%

	
6%

	
0.099

	

	

	

	

	

	




	
Turkmenistan

	
Tk

	
5.0

	
−166%

	
0%

	
100%

	
2.2%

	
2802

	
102%

	
5%

	
0.345

	

	

	

	

	

	




	
Uzbekistan

	
U

	
27.8

	
−18%

	
19%

	
100%

	
5.5%

	
2502

	
83%

	
9%

	
0.153

	

	

	

	

	

	




	
Basins

	
Amu Darya (A, Tj, Tk, U)

	
30.2

	

	

	

	

	

	

	
7%

	
0.140

	
1636

	
47%

	
92%

	
3%

	
1%

	
4%




	
Syr Darya (Kz, Kg, Tj, U)

	
26.6

	

	

	

	

	

	

	
5%

	
0.163

	
1209

	
52%

	
77%

	
12%

	
3%

	
7%
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Table A2. Selected water-, energy- and food-related data for the countries and transboundary river basins in South Asia. GBM = Ganges-Brahmaputra-Meghna river basin.
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South Asia






	

	

	

	
Population

	
Net Energy Imports

	
Hydro-Electric Production

	
Access to Electricity

	
Energy Used in Agriculture and Forestry

	
Food supply

	
Food Self-Suffiency

	
Area Equipped for Irrigation

	
Water Shortage

	
Water Stress

	
Share of Water Withdrawals




	

	

	

	
[millions]

	
[% of energy use]

	
[% of total]

	
[% of population]

	
[% of energy use]

	
[kcal/cap/d]

	
[% of kcal requirements produced domestically]

	
(% of total land area)

	
(ha/capita)

	
[m3/year/capita]

	
[%]

	
Irrigation

	
Electricity

	
Manufacture

	
Domestic




	
Countries

	
Bangladesh

	
Bg

	
151.1

	
18%

	
2%

	
60%

	
5.1%

	
2,413

	
85%

	
37%

	
0.032

	

	

	

	

	

	




	
Bhutan

	
Bh

	
0.7

	
-

	
-

	
76%

	
-

	
-

	
-

	
1%

	
0.017

	

	

	

	

	

	




	
China

	
Ch

	
1360

	
13%

	
15%

	
100%

	
2.1%

	
2,915

	
85%

	
6%

	
0.047

	

	

	

	

	

	




	
India

	
I

	
1206

	
31%

	
12%

	
79%

	
3.9%

	
2,252

	
94%

	
20%

	
0.053

	

	

	

	

	

	




	
Nepal

	
N

	
26.8

	
16%

	
100%

	
76%

	
1.2%

	
2,333

	
79%

	
7%

	
0.039

	

	

	

	

	

	




	
Pakistan

	
P

	
173.1

	
23%

	
30%

	
94%

	
1.3%

	
2,315

	
101%

	
20%

	
0.099

	

	

	

	

	

	




	
Basins

	
GBM (Bg, Bh, Ch, I, N)

	
705.0

	

	

	

	

	

	

	
20%

	
0.048

	
1,604

	
16%

	
90%

	
1%

	
5%

	
3%




	
Indus (Ch, I, P)

	
243.4

	

	

	

	

	

	

	
21%

	
0.100

	
836

	
58%

	
97%

	
1%

	
1%

	
2%
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Table A3. Selected water, energy and food-related data for the countries and transboundary river basins in the Mekong Region of Southeast Asia.
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Mekong Region






	

	

	

	
Population

	
Net energy imports

	
Hydro-Electric Production

	
Access to Electricity

	
Energy Used in Agriculture And Forestry

	
Food Supply

	
Food Self-Suffiency

	
Area Equipped for Irrigation

	
Water Shortage

	
Water Stress

	
Share of Water Withdrawals




	

	

	

	
[millions]

	
[% of energy use]

	
[% of total]

	
[% of population]

	
[% of energy use]

	
[kcal/cap/d]

	
[% of kcal requirements produced domestically]

	
(% of total land area)

	
(ha/capita)

	
[m3/year/capita]

	
[%]

	
Irrigation

	
Electricity

	
Manufactur.

	
Domestic




	
Countries

	
Cambodia

	
Cm

	
14.4

	
28%

	
4%

	
31%

	
2.5%

	
2280

	
109%

	
3%

	
0.040

	

	

	

	

	

	




	
China

	
Ch

	
1360

	
13%

	
15%

	
100%

	
2.1%

	
2915

	
85%

	
6%

	
0.047

	

	

	

	

	

	




	
Lao PDR

	
L

	
6.4

	
-

	
-

	
70%

	
-

	
2258

	
117%

	
2%

	
0.055

	

	

	

	

	

	




	
Myanmar

	
M

	
51.9

	
−47%

	
70%

	
52%

	
1.0%

	
2374

	
111%

	
3%

	
0.044

	

	

	

	

	

	




	
Thailand

	
T

	
66.4

	
40%

	
5%

	
100%

	
4.5%

	
2587

	
218%

	
12%

	
0.097

	

	

	

	

	

	




	
Vietnam

	
V

	
89.0

	
−7%

	
30%

	
99%

	
1.1%

	
2754

	
79%

	
14%

	
0.051

	

	

	

	

	

	




	
Basins

	
Irrawaddy (M + Ch, I)

	
33.0

	

	

	

	

	

	

	
4%

	
0.057

	
17,352

	
1%

	
94%

	
2%

	
1%

	
3%




	
Mekong (Cm, Ch, L, M, T, V)

	
70.6

	

	

	

	

	

	

	
6%

	
0.066

	
6057

	
4%

	
79%

	
10%

	
4%

	
6%




	
Salween (Ch, M, T)

	
7.9

	

	

	

	

	

	

	
1%

	
0.035

	
13,518

	
1%

	
93%

	
2%

	
0%

	
5%
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Table A4. The descriptions and sources for the data listed in Table A1, Table A2 and Table A3.
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Data

	
Description

	
Data Source






	
Country population

	
UN estimates of total population by country, year 2010

	
[146]




	
Basin population

	
Gridded population data for year 2010, based on HYDE 3.1 and IIASA Population projections

	
[147]




	
Energy imports and access to electricity

	
Net energy imports (% of energy use); Access to electricity (% of population) for year 2012

	
[148]




	
Hydroelectricity

	
Electricity production from hydroelectric sources, by country

	
[148]




	
Water withdrawals and consumption

	
Gridded data on sectoral water withdrawals and consumption

	
[149]




	
Energy used in agriculture and forestry

	
FAO data on energy use related to different sectors.

	
[150]




	
Domestic food production & food supply

	
Dietary energy production by country, year 2005; based on FAOSTAT data.

	
[151]




	
ADER

	
Average dietary energy requirement in kcal/cap by country, years 2004-2006

	
[152]




	
Area equipped for irrigation

	
Gridded data on area equipped for irrigation (AEI); product AEI_HYDE_FINAL_CP.

	
[153]




	
Renewable freshwater resources

	
Calculations based on average annual surface runoff computed from monthly modelled runoff for years 1950–2000

	
[154]












Appendix B. Multiple “Transboundarities”: Example from the Mekong


The comparative analysis notes that countries in our study regions are connected in multiple ways and are therefore transboundary in multiple ways, when viewed from a nexus perspective. The maps included in Figure A1 show examples of these multiple ‘transboundarities’ in the Mekong Region.



The Mekong riparian countries are connected by the flow of the river itself, its tributaries and its shared basin from upstream to downstream (a), but this relationship is not only unidirectional, as a result of important fish migration patterns from downstream to upstream (b). From an energy and food perspective, the connections are different again, as shown by the connecting power transmission lines (c) and available data on the regional food trade exports (d). For map d), kindly note that the data on Laos, Myanmar and Vietnam is missing and the size of the arrows and circles is indicative only: for actual values, see the numbers.
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Figure A1. Maps showing example of different transboundary flows in the Mekong Region. (a) river basin (map by Matti Kummu, used with permission); (b) fish migration patterns (modified from [155]); (c) power transmission lines and key power plants [156]; (d) indicative information on regional food export flows (arrows) and the total size of food imports and experts per country (blue-red circles). Map d by the authors, based on data available in FAOSTAT Country Profiles [157]. 
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Figure 1. Nexus perspectives and their relation to disciplines of different levels (levels adapted from [55]). In an ideal nexus approach the individual perspectives are integrated to form a broader view, necessary to tackle the complex problems related to the water, energy and food nexus. In addition to cross-sectoral linkages, cross-level linkages between disciplines and between nexus perspectives should be understood. 
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Figure 2. The logic of our “nexus triangle”, indicating how we have defined the key interconnections and impacts between the three nexus sectors of water (W), energy (E) and food (F). In the region-specific nexus triangles, we used three different thicknesses for the arrow, corresponding with our subjective judgment of the significance of the connection/impact comparatively within and between regions: the thicker the arrow, the more significant the connection or impact to be. The “status triangle” in the middle similarly indicates the current levels of water security (blue), energy security (red) and food security (green) comparatively for the three regions using three different sizes for the area: the larger the coloured area, the higher level that type of security in the region is seen to be. 
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Figure 3. The nexus triangle for Central Asia, with key connections and impacts as well as current levels of security described with text. The F* indicates that food sector also includes a very important non-food crop i.e., cotton. See Figure 2 and text for explanation. 
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Figure 4. The nexus triangle for South Asia, with key connections and impacts as well as current levels of security described with text. See Figure 2 and text for explanation. 
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Figure 5. The nexus triangle for the Mekong Region, with key connections and impacts as well as current levels of security described with text. The F# indicates that fisheries’ role for food security is remarkable. See Figure 2 and text for explanation. 
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Figure 6. The key findings for transboundary water-energy-food nexus along the three perspectives, looking at the implications of the transboundary context for the nexus (left) and vice versa (right). 
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