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Introduction 
 

The Nexus describes the interconnections and interdependencies between the water, energy and 

food (WEF) sectors. These interdependencies of the WEF securities have received growing attention 

in the past years by academia and policy-makers. In 2011, the World Economic Forum identified the 

lack of understanding of the Nexus as a major global economic challenge, and the Bonn conference in 

the same year put forward the Nexus approach as a fundamental necessary shift for sustainable 

development.  

To address the need to inform policy-makers and other decision makers about research concerning 

the WEF Nexus, the need for a literature review was identified, with the aim to provide an overview of 

key Nexus concepts and tools that can be applied in policy and practice. This review aims to help 

bridge the gap between science and policy in the implementation of Nexus thinking. Furthermore, it 

investigates the question: where and how are Nexus concepts currently implemented, and by whom?  

In recent years, numerous scientific conferences on the Nexus topic have brought scientists, policy-

makers, civil society and the private sector together, over a spectrum of different disciplines. This has 

resulted in hundreds of published articles and reports as well as new initiatives, funding mechanisms 

and programmes to advance sector-wide Nexus management. Furthermore, several review papers of 

the WEF Nexus research field have been published in the past few years, and each of these reviews 

has a specific purpose and focus. The Nexus is extremely dynamic and state of the art developments in 

its study mean that the collective understanding of the topic within the scientific community is 

constantly expanding. 

Other scientists are generally the primary target group of Nexus-related articles published in 

scientific journals. Many of the findings of scientific research, even if compiled in form of the above-

mentioned comprehensive reviews, do not reach the stakeholders responsible for bringing the theory 

of the Nexus concepts into practice. Hence, identifying and using adequate mechanisms to transfer 

scientific knowledge to the relevant stakeholders is often perceived as one of the major shortcomings. 

There is a need to create awareness of advantages and opportunities of introducing a Nexus thinking to 

improve current policies of resources management. Liu et al. (2017) stated that while research on 

methods and tools to quantify, assess or plan to address the Nexus are plentiful  in scientific literature, 

tools to support its implementation are only in the early phase of elaboration. 

This situation mirrors the overall challenge of science policy interfacing. While the need to involve 

stakeholders and decision makers in research is frequently highlighted by the authors covering the 

topic, examples where this interfacing is practiced are very rare or they are usually not reported upon 

in scientific literature.  
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This review aims to be a resource for professionals responsible for Nexus relevant decisions 

either in planning, financing or implementation. It  aims to provide an overview of the literature  

covering the WEF Nexus topic, with  a discussion on how the approach can be effectively 

implemented on the ground. The review also aims to summarise ongoing WEF Nexus initiatives 

and regional applications of the WEF Nexus in Southern Africa, the MENA Region, Central 

Asia, Latin America and the Niger Basin. In addition, this review provides a summary of recent 

research findings on key topics of relevance to the assessment of the Nexus and Nexus interventions. 

Direct links to the original documents and websites are provided, allowing the reader to access the 

original publications to learn more about the methods and tools of interest. 

Different types of data and tools can be used to assess different aspects of the Nexus, and these 

allow the comparison of different development scenarios (i.e. combining different planning scenarios 

modelling the interconnections between the WEF securities). But further to this, a dialogue is required 

to convey the necessity of adopting a Nexus approach and to show that its implementation is feasible. 

Implementation of the Nexus typically requires the linking of different policy domains. The 

connection of these ñsilosò of decision-making is typically a challenge to policy, though definitely not 

limited to the realm of the Nexus. 

This literature review was prepared under the umbrella of the ñNexus Regional Dialogues 

Programmeò co-funded by BMZ and European Union (EU) and implemented by GIZ in the Middle 

East and North Africa (MENA) region, in Latin America and the Caribbean (LAC) and in the Niger 

basin, by Regional Environmental Centre for Central Asia (CAREC) / International Union for 

Conservation of Nature (IUCN) in Central Asia and by the Global Water Partnership (GWP) in the 

Southern African Development Community (SADC) region. It summarises the currently available 

state of the art, addressing the conceptual understanding of the WEF Nexus and the application of the 

concept on the ground. A focus was placed on the implementation of the Nexus concepts in the focal 

regions addressed by the ñNexus Regional Dialogues Programme.ò 

Chapters 1 and 2 provide an overview of the Nexus concept and its historical development, Chapter 

3 discusses employing the Nexus approach, Chapter 4 provides a brief summary of the Urban Nexus 

concept, Chapter 5 analyses reports which describe the analysis or implementation of the Nexus within 

the five target regions and Chapter 6 contains a bibliography of selected literature. 

This review is based on available and accessible online sources. However, the authors do not claim 

to provide complete coverage of the topic as many research issues and projects may address Nexus 

relevant topics even if they are not addressed as ñthe Nexusò or are beyond interactions of the WEF 

domains.  
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1. Overview of the Water, Energy and Food (WEF) Nexus 
 

This chapter provides an overview of the literature that describes the Nexus concept, highlighting 

the importance of addressing the WEF Nexus in practice. This chapter is centred on addressing four 

key questions: 

a) What is the problem setting? 

b) What is the Nexus approach? 

c) How is the Nexus related to the 2030 Agenda? 

d) What are the challenges in the implementation of a Nexus approach? 

 

What is the problem setting? 

The world is currently facing a great challenge of securing water, energy and food for everyone. 

Due to rapid population and economic growth in combination with accelerated urbanisation and 

changing lifestyles, demand for these three services is increasing. However, the natural resources from 

which these services are derived, are limited. Additionally, drivers such as climate change and the 

degradation of natural resources are reducing our ability to provide more of these services. This great 

challenge requires new management approaches that ensure the adequate supply of these services to 

everyone while simultaneously ensuring the sustainability of natural resources. Providing services in 

the three sectors are founded on exploitation of the same natural resources base, and the processes of 

exploitation impact each other in numerous ways.  

In this literature review, the following definitions of water security, energy security and food 

security are considered:  

¶ Water security: ñThe capacity of a population to safeguard sustainable access to adequate 

quantities of acceptable quality water for sustaining livelihoods, human well-being, and 

socio-economic development, for ensuring protection against water-borne pollution and 

water-related disasters, and for preserving ecosystems in a climate of peace and political 

stabilityò (UN Water, 2013). 

¶ Energy security: ñThe uninterrupted availability of energy sources at an affordable priceò 

(IEA, n.d.). 

¶ Food security: ñFood security exists when all people, at all times, have physical and 

economic access to sufficient, safe and nutritious food that meets their dietary needs and 

food preferences for an active and healthy lifeò (FAO, 2006). 

Projections of future water, energy and food demands do vary, but they all agree that demand in the 

three sectors will significantly increase over the coming decades while the natural resources base will 
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simultaneously be weakened through environmental degradation and climate change. All of these 

threats are depicted on Figure 1, which describes the relationships between water, energy, food and 

climate in light of global projections which indicate increasing scarcities and growing demand. This 

set of projections predict that by 2030, the demands for food and energy will increase by 50% and the 

demand for water by 30%, while we also face the challenges of adapting to and mitigating climate 

change (Beddington, 2010; Allouche et al., 2014; Cairns and Krzywoszynska, 2016).  

 

Figure 1: Water, energy and food projections (increases on 2009 levels) (Beddington, 2009) 

 

The policy-making frameworks addressing natural resources management have historically been 

characterised by sectoral approaches and isolated policy responses, which undermine the complex 

relationships between sectors and resource systems. This has often resulted in segmented planning and 

resource stresses (Pittock et al., 2013). Isolated planning in the water, energy and agricultural 

sectors leads to unintended consequences and additional WEF resources stresses, which in turn 

worsens livelihoods and undermines sustainable development (Bizikova et al., 2013). It became 

evident and urgent that more responsible management of WEF systems was needed to cope with the 

changing li festyles and growing demand for resources and services (Liu et al., 2017). 

 

What is the Nexus approach? 

The concept of the WEF Nexus emerged as a response to this problem setting. The WEF Nexus  

describes and analyses the interlinkages between the three sectors, with the ultimate goal to identify 

potential synergies and minimise trade-offs between the three sectors (Hoff, 2011). Natural resources 

scarcities are often placed at the centre of such debates (Allouche et al., 2014).  The increasing 

pressures on scarce natural resources stemming from an ever-increasing demand for socio-economic 

development have encouraged the analysis of these interactions between the sectors in a more 
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systematic way. An intervention in one of these three sectors may induce positive or negative 

consequences on one or both other sectors.  

It is noted that some literature includes the environment and/or ecosystems within the Nexus 

(labelled as the WEFE Nexus), as does the Nexus Regional Dialogues Programme. It is acknowledged 

that the environment and ecosystem play a fundamental role in the Nexus. In the use of the term WEF 

Nexus in this document, a consideration of the environment and ecosystem is implicit within the 

consideration of each of the three sectors. Figure 2 shows this integrated approach to the assessment of 

the WEF Nexus, with ecosystems located at the centre (GIZ, 2016). Furthermore, a Nexus problem is 

not defined as necessarily involving all three of the water, energy and food sectors; the 

interconnections between any two of these sectors constitutes a Nexus problem. In this document we 

therefore focus on the water-energy Nexus, the water-food Nexus, the energy-food Nexus and the 

water-energy-food (i.e. WEF) Nexus.  

  

Figure 2: The WEF Nexus from the ecosystem perspective (GIZ, 2016) 

 

Addressing challenges related to the WEF Nexus requires the assessment of trade-offs between the 

WEF sectors. For example, the spread in biofuel use could lead to a reduction in available water and 

land for other purposes, most importantly for food production; the increase in water demand for 

agriculture and energy competes with the demand for more drinking water; and increasing utilisation 
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of energy-intensive water desalination plants for drinking water and irrigation (Bazilian et al., 2011). 

Figure 3 shows some examples of the interconnections between the WEF Nexus elements. 

 

Figure 3: Illustration and examples of the WEF interconnections (Liu et al., 2017) 

 

Although the systems are physically interconnected, decisions and policy planning in each sector 

are mostly made in isolation (Rasul, 2016; White et al., 2017). Thus, the Nexus governance discourse 

postulates that to manage risks, maximise gain and optimise trade-offs in resources use, we must not 

only understand how these systems are physically connected but how they are institutionally linked 

(see for example, Scott et al., 2011; Hoff, 2011; Flammini et al., 2014; Rasul, 2016; Scott, 2017). The 

crucial role that institutions and governance processes play in enabling policy coherence and a Nexus 

approach is underlined in several reports and frameworks.   

Water is considered as the central element in many Nexus research examples. This is mainly 

because the WEF Nexus concept was originally developed within the water sector and a significant 

quantity of Nexus literature stems from water research projects. Reasons that could explain the central 

role of water in applying the Nexus are: (1) water represents a basic need for human life and for 

development, e.g. to produce food and energy; (2) the scarce nature of water and uneven distribution 

of the resource around the globe; (3) earlier awareness about the connectivity of this sector with many 

sectors; and (4) the Nexus approach has emerged from many recent approaches such as the concept of 

Integrated Water Resources Management (IWRM), which emphasise a multifaceted approach of 

addressing the resource.  

 

How is the Nexus related to the 2030 Agenda? 

Specific to Agenda 2030, three of the seventeen sustainable development goals (SDGs) are directly 

related to the water, food and energy sectors (UN, 2015a): 
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¶ SDG 2 (Zero Hunger): End hunger, achieve food security and improved nutrition and 

promote sustainable agriculture. 

¶ SDG 6 (Clean Water and Sanitation): Ensure availability and sustainable management of 

water and sanitation for all. 

¶ SDG 7 (Affordable and Clean Energy): Ensure access to affordable, reliable, sustainable 

and modern energy for all. 

Although these three goals directly relate to the individual areas of water, energy and food security, 

progress in twelve of the seventeen SDGs is directly related to the sustainable use of resources 

(Mohtar, 2016), and some goals cannot be achieved without a holistic view of the WEF Nexus. The 

study of the Nexus has been identified as a useful approach for quantifying and assessing the 

interactions between the different goals, including the effects that the fulfilment of one goal may have 

on the fulfilment of others (Brandi et al., 2013; Weitz et al., 2014; Mohtar, 2016). 

For example, SDG 11 covers sustainable cities and communities. Cities and communities could 

benefit heavily from the WEF Nexus approach to make use of the potential synergies between the 

three sectors and avoid the potential trade-offs between them. The Urban Nexus approach focuses on 

promoting the WEF Nexus approach in cities and metropolitan regions, an approach that, if adopted, 

would optimise the process of achieving SDG 11. Thus, there is a need to adequately incorporate the 

WEF Nexus thinking in the implementation of the SDGs. 

 

What are the challenges in the implementation of a Nexus approach? 

Despite the large body of literature on the concept and the many research projects applying the 

concept, there is an ongoing discussion on how to best transfer the concept from a theoretical 

framework to be implemented on the ground. To date, most literature covering the Nexus focuses on 

the theoretical and empirical justification of the need for an integrated approach and policy coherence 

to govern the WEF Nexus. This is because decisions which enhance security in one sector may 

compromise securities in others (e.g. Hoff, 2011; Rasul, 2016; Al-Saidi et al., 2017). 

Nexus literature acknowledges that a Nexus approach requires coordination and integration across 

levels of government (vertical), as well as across sectors (horizontal) and emphasises the key role of 

institutional relationships and effective coordination mechanisms (Scott, 2017; Weitz et al., 2017). 

Having ñstronger institutions that are better interlinkedò is identified as the key to a Nexus approach 

(Hoff, 2011). However, considering the complexity emerging from horizontal and vertical 

interdependencies, the Nexus researchers identify several challenges to the implementation of the 

Nexus approach in decision-making.  
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The literature postulates that historically entrenched and vertically structured government 

departments as well as sector-based policies and regulatory mechanisms act as main barriers to the 

adaptation of a WEF Nexus approach in decision making (Bizikova et al., 2013; Conway et al., 2015; 

Rasul, 2016; Scott, 2017). Based on case studies, Scott (2017) concluded the effectiveness of the 

Nexus approach is determined by institutional relationships and the capacities of governing 

organisations to cooperate with each other. 

Further key barriers to implementation highlighted in the current discourse emerge from the 

traditional, sector-based structures of political institutions and governance processes. The following 

barriers have been identified in literature:  

¶ Lack of communication between the sectors (Bhaduri et al., 2015; Weitz et al., 2017). 

¶ Divergent sectoral institutional frameworks and interests (Weitz et al., 2017). 

¶ Unequal distribution of power and capability between the sectors (Bizikova et al., 2013; 

Conway et al., 2015; Rasul, 2016; Howarth & Monasterolo, 2016; Scott, 2017). 

¶ A lack of willingness to cooperate and lack of trust across groups of actors belonging to 

different disciplines and government levels (Lele et al., 2013; Embid & Martin, 2017; 

Scott, 2017). 

 

Numerous case studies investigate the barriers to the implementation of a Nexus approach. Some 

examples are: 

¶ An analysis of institutions and decision-making mechanisms in the water-energy Nexus in 

the United States of America asserted that ñthere is a need to explicitly consider institutions 

and decision-making, not just input and output relationships between water and energyò 

when considering a Nexus approach (Scott et al., 2011). 

¶ Based on a case study in southern Asian countries, implementation of the WEF Nexus 

approach requires a paradigm shift in the decision-making process towards adopting a 

holistic view and developing institutional mechanisms to coordinate the actions of diverse 

actors (Rasul, 2016).  

¶ An investigation of WEF Nexus governance in Indonesia, Kenya and the Amazon basin 

identified the lack of strategic clarity among institutions, a lack of coordination between 

sectoral departments at the national level and lack of communication tools and institutional 

mechanisms to coordinate the actions of diverse sectors (horizontal and vertical) as main 

barriers to cooperation (Scott, 2017). 



13 
 

2. History and Development of the WEF Nexus 
 

To understand the complexity of the WEF Nexus, a more holistic and interdisciplinary scientific 

effort was required. Although the idea of resources connectivity was known for decades, the complex 

interlinkages between water, energy and food and the positive and negative consequences of these 

interlinkages were only studied in more detail during the last ten years. This chapter presents a 

chronological overview of the development of the Nexus approach, focussing on conferences and 

scientific publications. 

Before 2011 

The Nexus framing has many similarities to other holistic approaches to environmental decision 

making (eg. integrated natural resource management), and it builds on these. Nexus-related 

conferences, research initiatives and projects have taken place as early as the 1980s; however, these 

early studies typically focussed on interconnections between two sectors (Endo et al., 2017). Framing 

resources problems in terms of the WEF Nexus was not formalised before the late 2000s (Leck et al., 

2015).  

The interrelations between the water, food and energy systems were brought into focus due to 

various global crises regarding food security in 2008. Combined with the stresses of climate change, 

Beddington (2009) highlighted the challenges that will be faced in providing adequate water, food and 

energy to a growing population. 

2011 

The report ñWater Security: The Water-Food-Energy-Climate Nexusò was published by the World 

Economic Forum in 2011. In the report, the close interlinkages and future challenges between water 

security and nine other sectors (agriculture, energy, trade, national, security, cities, people, business, 

finance and climate) are described. The report also includes position statements towards the 

interlinked water challenges by influential representatives from governments, religious groups, NGOs 

and private businesses (World Economic Forum Water Initiative, 2011). 

The first major Nexus event was the 2011 conference ñThe Water, Energy and Food Security 

Nexus - Solutions for the Green Economyò in Bonn (referred to as the Bonn2011 conference) (Leck et 

al., 2015). In the lead up to this conference, the background paper ñUnderstanding the Nexusò was 

published (Hoff, 2011) and became an influential paper covering the WEF Nexus. Figure 4 replicates 

the schematic illustration of the WEF Nexus presented in Hoff (2011), highlighting the 

interdependencies and the change pressures that affect the concept. Three guiding principles for the 

Nexus approach are denoted as ñaction fieldsò, and global trends are included as drivers (Hoff, 2011). 
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Figure 4: The water, energy and food security Nexus (Hoff, 2011) 

 

As evident in Figure 4, ñavailable water resourcesò is placed at the centre of the Nexus concept. 

This is because of the importance of water, which is non-substitutable in biomass production, and 

biomass is a central resource for energy and food security in a green economy (Hoff, 2011). 

The publications by Hoff and the World Economic Forum are recognised as high-impact reports in 

several reviews of the WEF Nexus historical development (Leck et al., 2015; Mohtar and Lawford, 

2016; Albrecht et al., 2018). 

In its Global Risk Report, The World Economic Forum presented the risk-focussed WEF approach 

illustrated in Figure 5. The forum framed the WEF Nexus as a one of the major risk areas, together 

with illegal economies and macroeconomic imbalances. In this framework, water and food security are 

connected to failures in global governance and economic disparity, resulting in long-term water and 

food shortages and crises. Energy security is seen to have impacts on growth and social stability, 

where energy shortage is seen as an economic risk. Population growth, economic growth and 

environmental stresses are clearly viewed to affect the Nexus. This framework aims to give decision 

makers a better understanding of the risks in order to be able to develop proactive responses and quick 

mobilisation during crises (World Economic Forum, 2011; Allouche et al., 2014). 
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Figure 5: Illustration of the WEF Nexus adopted by the World Economic Forum 2011 (World Economic Forum, 

2011) 

 

2012 

Building on the work from the Bonn2011 conference, the Rio+20 Conference on Sustainable 

Development took place in 2012. At the Rio+20 conference, ñFuture Earthò, an interdisciplinary 

research initiative on global environmental change and global sustainability was launched. The first 

key challenge of the Future Earth 2025 Vision is: ñDeliver water, energy, and food for all, and manage 

the synergies and trade-offs among themò (Future Earth, 2014). 

Numerous other forums and conferences that specifically addressed the Nexus themes were held all 

over the world in 2012 (Leck et al., 2015), indicating the positive perception of the Nexus concept in 

different professional and academic communities. 

Derivations of the first Nexus framework (i.e. Figure 4) began to develop. For example, the 

International Centre for Integrated Mountain Development (ICIMOD) developed an adapted Nexus 

framework for the Himalayas and South Asia region. As shown in Figure 6, ecosystem goods and 

services are integrated as key parts of the framework, connected to the water, energy, food and 

agriculture triangle. The resilience and productivity of the ecosystems are seen as crucial to achieving 

WEF security; therefore, their protection and enhancement is necessary (Rasul, 2012).  
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Figure 6: WEF Nexus approach in the Himalayas and South Asia (Rasul, 2012) 

 

2014 

The conference ñSustainability in the WaterïEnergyïFood Nexus. Synergies and Trade-offs: 

Governance and Tools at various Scalesò was held in 2014 in Bonn under the framework of Future 

Earth (Endo et al., 2017). The conference addressed sustainability in the WEF Nexus as a key 

research-for-action initiative and addressed the following two main issues regarding a sustainable 

Nexus implementation: How can the Nexus be implemented across different scales and how can trade-

offs be reduced due to governance practices (Bhaduri et al., 2015). As key result of the conference a 

Call to Action was issued to policy makers, practitioners and researchers requesting responsible 

governance of natural resources as a necessary first step for action, extensive participation of 

stakeholders to work toward sustainable development and the expansion of financial, institutional, 

technical and intellectual resources for Nexus research and applications (The Global Water System 

Project, 2014). 

In 2014, the Water Institute at the University of North Carolina hosted the ñNexus 2014: Water, 

Food, Climate and Energy Conferenceò (and a follow up conference also took place in 2018). The key 

result was the input provided to the United Nations (UN) SDGs process. The Nexus Declaration 

pointed out the importance of an integrative approach in the definition of the SDGs (Dodds & 

Bartram, 2014).  
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2015 

In 2015, the United Nations (UN) adopted the resolution ñTransforming our world: the 2030 

Agenda for Sustainable Developmentò, which contained 17 SDGs and 169 associated targets (UN, 

2015a). It should be noted that there is no specific mention of the term ñNexusò in the SDGs; however, 

a Nexus approach enables us to work towards simultaneously achieving water, energy and food 

security, thus ensuring access for basic human needs (Stephan et al., 2018). A Nexus approach allows 

potential trade-offs to be identified at the policy design stage, allows the identification and 

development of solutions that positively benefit multiple SDGs, and avoids the ñsiloò approach in 

implementation strategies (FAO, 2018). 

The Paris Agreement was signed in 2015, which aims to limit the increase in global average 

temperatures to well below 2°C above pre-industrial levels (UN, 2015b). Climate change and the WEF 

Nexus are inextricably linked, and this has been recognised in current political and scientific 

discussion. It is critical to develop effective strategies to adapt to climate change and ensure water, 

energy and food security for a growing global population. An overall analysis of the links between the 

WEF Nexus, the SDGs and the Paris Agreement recognises the crucial role of WEF Nexus concept in 

achieving both the goals of the Paris Agreement and of the SDGs (FAO, 2018).  

Current  State 

The Nexus approach is increasingly used at the project level and supported by some governments, 

civil society, international development partners, the private sector and research (FAO, 2018). 

Numerous conferences and international workshops have taken place in 2018 (eg. Nexus: Water, 

Food, Energy and Climate Conference at the University of North Carolina; the ResNexus Conference 

at Wageningen University; Water-Food Nexus High Level Panel at the World Water Forum in Brazil; 

various sessions at the Stockholm World Water Week; The Food-Energy-Water Nexus Mini-

Symposium at Monash University). Many conferences and workshops are also taking place with a 

focus on addressing specific Nexus issues at the regional scale (Nexus Platform, n.d.; see 

https://www.water-energy-food.org/nexus-platform-the-water-energy-food-nexus/).  
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3. Employing the WEF Nexus Approach 
 

This chapter considers how the WEF Nexus approach can be employed. This refers to the use of a 

Nexus style thinking in the assessment of a problem, modelling the Nexus, ensuring that the outcomes 

of a Nexus assessment are put into practice, and the governance of the WEF Nexus. An outlook on the 

WEF Nexus and research gaps are discussed at the end of the chapter. 

3.1. Assessment of the Nexus  

Three guiding questions are discussed in the assessment of the WEF Nexus. These are:  

¶ How to evaluate the WEF Nexus interconnections 

¶ WEF Nexus modelling 

¶ Considerations in the WEF Nexus assessment 

 

How to evaluate the WEF Nexus interconnections 

Typically, when analysing the situation of the individual water, energy or food sectors, 

consideration is usually only given to the resource use and demand of the individual sector. This often 

involves the use of one of the water security, energy security or food security indices, without 

explicitly considering security aspects in the other two. Despite the availability of these indicators in 

each sector, they have a limited capacity to capture the interlinkages with the other two sectors.  

Recently, many analysis frameworks and methodologies have been introduced to facilitate a better 

understanding of the WEF Nexus. Different methodologies have varying data requirement, benefits 

and limitations, and some only operate at particular geographical scales (Albrecht et al., 2018). Data 

and information availability are of paramount importance, as without them, the most important Nexus 

interactions cannot be properly identified (Embid & Martin, 2017). 

The FAO developed an approach to address the synergies and interlinkages between human and 

natural resources. It focuses on the resource base, including the biophysical and socio-economic 

resources, as a basis for addressing the Nexus between water, energy and food securities. The first part 

of the approach is illustrated in Figure 7, which shows the steps from the analysis of interactions to the 

comparison of different interventions. The suggested rapid WEF Nexus assessment is based mainly on 

indicators that are already available in open access databases (Flammini et al., 2014). 
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Figure 7: FAO components of the Nexus assessment (Flammini et al., 2014) 

 

Modelling the WEF Nexus 

Monitoring the many WEF interlinkages is crucial for a better understanding of the potential 

synergies and trade-offs between the three sectors. Quantification is needed to provide a better 

understanding of the numerous interlinkages and to improve decision making (Li et al., 2016; El-Gafy, 

2017). Excellent reviews of the available methodologies introduced in the last few years can be found 

in Chang et al. (2016), Endo et al. (2017), Kurian (2017) and Albrecht et al. (2018). Importantly, each 

Nexus case is unique and there is no versatile and comprehensive WEF Nexus modelling approach 

that fits to modelling and quantifying every case. It is important to note that despite the variety of 

modelling options available, the complexity of the model required is always dependent on the Nexus 

situation being studied.  

Table 1 summarises an extensive review of the available models to assess the Nexus (Dai et al. 

2018). The methods listed describe both models and frameworks used to assess the WEFs Nexus. 

Three important classifications are made for each model: 

¶ The type of model:  

o Quantitative analysis model - quantifies the resource flows but without modelling 

scenarios over temporal scales. 

o Simulation model - a single model for simulating scenarios over temporal scales. 

o Integrated model - a combined model with both quantitative and scenario 

functions. 

¶ The geographical scale it addresses: from the city to the transboundary level 
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¶ The Nexus challenge level, which refers to the type of application of the model results. The 

three identified types are: 

o Understanding the Nexus: the data demonstrates linkages and identifies problems, 

risks or opportunities. 

o Governing the Nexus: has the purpose to guide an institutional or policy response. 

o Implementing the Nexus: has the purpose to guide policy and/or technical 

interventions to improve efficiency or effectiveness of resources uses. 

 

Table 1: Summary of available methods to model the Nexus (Adapted from Dai et al., 2018) 

Method  
Geographical 

scale 
Model type Software Purpose 

Nexus 

challenge level 

Methods covering the Water-Energy Nexus 

EI (Energy Intensity) City level Quantitative 

analysis 

model 

No software Quantify energy flows in 

urban water systems 

Understanding 

Linkage analysis City level Quantitative 

analysis 

model 

No software Explore the structure and 

interconnection of both 

water and energy resources 

in cities 

Understanding 

UWOT (Urban 

Water Optioneering 

Tool) 

City level Quantitative 

analysis 

model 

Online tool 

UWOT 

Quantify energy use in 

urban water supply systems 

Understanding 

MRNN (Multi-

Regional Nexus 

Network) 

City and 

regional level 

Quantitative 

analysis 

model 

No software Explore the 

interconnection of energy 

consumption and water use 

for urban agglomerations 

Understanding 

System dynamic 

approach 

Regional level Integrated 

model 

No software Long-term regional water 

and energy resources 

management 

Understanding 

Jordanôs framework National level Integrated 

model 

No software Link decision-making to 

higher use efficiencies of 

water and energy in Jordan 

Governing 

Methods covering the Water-Energy-Environment Nexus 

UWtoA (Urban 

Water to Air Model) 

City level Quantitative 

analysis 

model 

Pacific 

Institute; A 

spreadsheet 

model 

Simulate energy use and 

air quality in urban water 

systems 

Understanding 

WESTWeb (Water-

Energy 

Sustainability Tool 

Web) 

City level Quantitative 

analysis 

model 

University of 

California, 

Berkeley; 

Online tool 

Assess energy use and 

GHGs in water supply and 

utilisation system 

Understanding 

GLEW (Great Lakes 

Energy Water 

model) 

Regional level Simulation 

model 

Studio 

Expert 2008 

Impacts of electricity 

generation portfolios on 

water resources in the 

Great Lakes region 

Understanding 

REWSS (Regional 

Energy & Water 

Supply Scenarios 

model) 

Regional level Quantitative 

analysis 

model 

Open source 

REWSS 

Calculate the annual 

environmental impacts of 

supplying energy and water 

to a specified region 

Understanding 

Integrated CGE 

(Computable 

General Equilibrium) 

National level Simulation 

model 

No software Forecast the impact of 

energy tax policy on 

energy and water use and 

demand 

Governing 
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CMDP (Competitive 

Markov Decision 

Process model) 

National level Simulation 

model 

No software Impacts of carbon taxes 

and water on electricity 

systems 

Understanding 

MA (Meta-system 

architecture model) 

National level Quantitative 

analysis 

model 

No software Quantify material and 

energy flows in national 

electricity, water and 

wastewater systems 

Understanding 

SPATNEX-WE 

(SPAtial and 

Temporal NEXus-

Water Energy) 

National level Integrated 

model 

No software Track energy flows and 

water withdrawal and 

consumption throughout 

water and energy systems 

Implementing 

Modified AQAL (All 

Quadrants All 

Levels) 

Regional and 

national level 

Integrated 

model 

No software Explore the water and 

electricity linkages under 

climate changes, and assess 

policy implications 

Implementing 

Mixed-unit MRIO 

(Multi -Regional 

InputīOutput 

analysis model) 

National and 

transboundary 

level 

Quantitative 

analysis 

model 

No software Life cycle assessment of 

water use in energy 

production, and 

environmental impacts 

Understanding 

TIAM -FR (TIMES 

Integrated 

Assessment Model) 

National and 

transboundary 

level 

Integrated 

model 

MINES Paris 

Tech Center 

of Applied 

Mathematics; 

NS 

Forecast water demands in 

energy optimisation 

considering climate 

changes 

Understanding 

WCCEM (The Water 

and Carbon 

Conscious Electricity 

Market) 

National or 

global level 

Simulation 

model 

No software Assess water and carbon 

taxes impacts on national 

electricity generations, and 

to control water usage and 

greenhouse gases (GHGs) 

Understanding 

RRP (the integrated 

rainfall-runoff model 

and power system 

model) 

Multi -scales Integrated 

model 

No software Impacts of water flow and 

temperature on power 

systems 

Understanding 

WATER (Water 

Analysis Tool for 

Energy Resources) 

Multi -scales Quantitative 

analysis 

model 

Argonne 

National 

Laboratory; 

Online tool 

Assess water use and 

quality in fuels production 

Understanding 

WEAP-LEAP 

(Water Evaluation 

And Planning system 

and Long Range 

Energy Alternatives 

Planning) 

Multi -scales Integrated 

model 

SEI; WEAP 

and LEAP 

software 

Policy impacts on water 

and energy demands as 

well as GHGs 

Governing 

Methods about the Water-Energy-Food Nexus 

ZeroNet DSS 

(Decision Supporting 

System) 

Regional level Integrated 

model 

Several free 

software 

Decision support in 

resource management in 

basin 

Governing 

Nexus Assessment 

1.0 

Regional and 

national level 

Quantitative 

analysis 

model 

FAO; Online 

rapid 

appraisal tool 

Qualitative and 

quantitative assessment of 

Nexus 

Governing 

IAD-NAS 

(Institutional 

Analysis and 

Development 

Frameworks 

combined with value 

chain analysis) 

National level Quantitative 

analysis 

model 

No software Impacts of institutions and 

policies on the 

sustainability of water, 

food and energy 

Governing 
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WEF Nexus Tool 2.0 National level Simulation 

model 

Online tool Quantitative assessment 

and forecast of WEFN 

Governing 

DEA (Data 

Envelopment 

Analysis) 

Multi -scales Quantitative 

analysis 

model 

No software Evaluate regional input-

output e ciency of 

resources holistically 

Understanding 

WEFO (Water, 

Energy and Food 

security nexus 

Optimization model) 

Multi -scales Integrated 

model 

WEFO tool Quantitatively assess the 

interconnections and trade- 

o s among resource 

systems as well as 

environmental e ects 

Governing 

Methods covering the Water-Energy-Food Nexus / Water-Energy-Land-Climate Nexus 

MSA (Multi-sectoral 

Systems Analysis) 

City level Quantitative 

analysis 

model 

Matlab tool Understand resource flows 

as well as human effects on 

the urban metabolism 

Understanding 

GCAM-USA (The 

Global Change 

Assessment Model in 

USA) 

Regional level Integrated 

model 

Open source 

tool 

Long-term analysis of 

water withdrawal and 

demand in electricity sector 

of USA states  

Governing 

PRIMA (Platform 

for Regional 

Integrated Modelling 

and Analysis) 

Regional and 

national level 

Integrated 

model 

Velo Simulate the interactions 

among climate, energy, 

water, and land at the 

decision-relevant spatial 

scale  

Implementing 

MuSIASEM (Multi-

Scale Integrated 

Assessment of 

Society and 

Ecosystem 

Metabolism) 

National and 

regional level 

Integrated 

model 

FAO, free 

online tool 

Assess metabolic pattern of 

energy, food and water 

related to socio-economic 

and ecological variables  

Governing 

Foreseer National and 

transboundary 

level 

Integrated 

model 

University of 

Cambridge; 

Online 

Foreseer tool 

Map flows of water, 

energy, land use and GHGs 

Understanding 

Modified SWAT 

(Soil and Water 

Assessment Tool) 

Transboundary 

level 

Integrated 

model 

Open source 

model 

Water provisioning each 

economic sector in 

transboundary context 

Understanding 

TRBNA 

(Transboundary 

River Basin Nexus 

Approach) 

Transboundary 

level 

Integrated 

model 

UNECE, NS Assess the WEFEN in 

transboundary river basins 

Implementing 

CLEWs (climate, 

land, energy and 

water) 

Multiscale Integrated 

model 

KTH; open 

source tool 

OseMOSYS  

Assess climate impacts on 

resources and supply help 

in policies evaluation  

Implementing 

 

Considerations in Modelling the WEF Nexus 

Daher et al. (2017) suggested that seven essential questions should be asked in order to select or 

develop the most appropriate modelling approach for each specific WEF Nexus case:  

(1) What is the critical question in the case study?  

(2) Who are the players/stakeholders?  

(3) At what scale? 

(4) How is the system of systems defined?  

(5) What do we want to assess?  
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(6) What data is needed?  

(7) How do we communicate it? Where do we involve the decision-maker in the process?  

Similarly, McCarl et al. (2017a) identified numerous key challenges in the assessment of the 

Nexus. Some of these important challenges are: 

¶ Establishing the scope of the Nexus issue. 

¶ The appropriate selection, development and integration of diverse component models. 

¶ Developing models that are useful and provide meaningful insight. 

¶ Characterising uncertainties (eg. in future scenarios). 

¶ Representing new technological and resource development alternatives that have not 

previously been adopted in the region. 

Nexus assessments can be conducted at various scales and it is important to identify the scale at 

which a Nexus problem should be addressed. The identification of the scale has a major impact on the 

manner in which a model is created, identification of the stakeholders and a determination of the 

required data (Daher et al., 2017). Nexus studies are able to cover scales from the household level (eg. 

Hussien et al., 2017) to the country scale (eg. Daher and Mohtar, 2015; Li  et al., 2016) to the 

transboundary scale (eg. Jalilov et al., 2015; Al -Saidi et al., 2017). 

 

3.2. WEF Nexus Governance  

Nexus governance tools have been recognised as vital to the Nexus approach and play a central role 

for policy makers who are responsible for Nexus implementation. Despite this, most scientific 

literature on WEF Nexus securities focus on the physical interlinkages between the sectors and 

technical governance aspects. The roles of institutional and political Nexus governance have received 

less attention. 

From the current scientific discussion on Nexus governance, three key points are considered below:  

(1) Institutional cooperation (between sectors and governance levels) 

When initiating an action in a particular sector, consideration must be given to which other sectors 

are affected (Blumstein et al., 2017). Having institutional cooperation is considered as vital in the 

implementation of the Nexus concept into policies and practice. The literature clearly acknowledges 

that Nexus governance requires coordination and integration both across levels of government 

(vertical) as well as across sectors (horizontal). Institutional coordination mechanisms between sectors 

and governance levels are needed so that the Nexus approach is transferred into decision making 

processes (Bizikova et al., 2013; Conway et al., 2015; Rasul, 2016; White et al., 2017). Scott (2017) 
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concluded that the effectiveness of Nexus implementation is determined by institutional relationships 

and the capacities of governing organisations to cooperate with each other.  

For example in Kenya, a lack of vertical cooperation and disputes over the functions of national 

and county level institutions has resulted in conflicting plans and duplication of efforts. The national 

water needs take priority over community water needs and this has caused water scarcity and affected 

agricultural production at the county level (Scott, 2017). A contrary example takes place in Germany, 

where in the Hessian Ried strong cooperation between the water and agricultural sectors has resulted 

in a successful reduction of water pollution caused by nitrate use in the agricultural sector 

(Infrastruktur & Umwelt: Professor Böhm und Partner, 2017). 

The private sector has also been identified as an obstacle to the implementation of a Nexus 

approach, as the private sector sometime seeks opposing objectives to that of the Nexus approach 

(Embid & Martin, 2017). 

(2) Institutional  barriers  to implementing the Nexus approach 

Although the need for cooperation is recognised, there are several barriers to the adoption of a 

WEF Nexus approach in decision making, due to the complexity of interrelationships between sectors 

and governance levels. Conway et al. (2015) identifies historically entrenched vertically structured 

government departments and sector-based policies as central barriers to Nexus governance. 

Furthermore, a lack of communication between the sectors, divergent sectoral institutional frameworks 

and interests as well as unequal distribution of power and capability between sectors are identified as 

barriers in numerous studies (Bizikova et al., 2013; Conway et al., 2015; Rasul, 2016; Howarth and 

Monasterolo, 2016; Scott, 2017).  

 

(3) Overcoming institutional  barriers  and promoting cross-sectoral cooperation 

To strengthen the coordination between sectors, the adaptation of existing governance 

arrangements rather that creation of new or ideal arrangements is often discussed (Scott, 2017; Weitz 

et al., 2017). Numerous studies recommend using existing procedures and legislatives in order to 

identify institutional mechanisms for Nexus implementation, which would be adapted to the regional 

institutions and bureaucracies (Al -Saidi et al., 2017; Embid & Martin, 2017; Weitz et al., 2017).  

Blumstein et al. (2017) analysed legislative procedures for the coordination of cross-sectoral 

interests in Germany and showed that a number of existing mechanisms at different levels such us 

inter-ministerial task forces and committees, round table discussions or the Joint Rules of Procedure of 

the Federal Ministries are adequate mechanisms to address Nexus related issues. Scott (2017) 

suggested three fields of action which can be addressed to improve the Nexus coordination:  
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(1) Make changes in the institutional structure of resource management (develop organisational 

instruments) for Nexus decision making. 

(2) Make changes in the procedural instruments: create rules and standards for decision making 

and implementation. 

(3) Make changes in the communication instruments: improve the communication between 

decision makers (create communication platforms, informal meetings and working groups, 

data sharing platforms). 

The need for stakeholder involvement in decision-making processes is identified as a key element 

to determine what is politically acceptable, feasible and where there is space to improve policies 

(Hoff, 2011; Bizikova et al., 2013; Howarth and Monasterolo 2016; White et al., 2017). FAO (2014) 

designed practical tools for effective Multi -Stakeholder Processes (MSPs) such as: Stakeholder 

Mapping, MSP Facilitation Guidelines and Socratic Questions. Furthermore, many studies recommend 

that communication between sectors and government levels could be improved by the creation of 

dialogue platforms or other interagency communication mechanisms (Hoff, 2011; Weitz et al., 2014; 

Rasul, 2016; Weitz et al., 2017; Scott, 2017).  

 

3.3. WEF Nexus Outlook and Research Gaps 

Despite the WEF Nexus concept being well received in academic, business and policy sectors, it 

has not been widely implemented on the ground. One of the major discussions currently taking place 

is how to shift the concept from theory into practice. The complexity of the concept, especially where 

complicated interactions exist between the three sectors, adds many challenges in embedding the 

concept in policies and projects.  

One of the emerging discussion topics on the WEF Nexus is from which perspective we should 

look at the Nexus. Some WEF Nexus methodologies place emphasis on water as a potential entry 

point for the Nexus (Bizikova et al., 2014; de Strasser et al., 2016), especially when the focus of the 

Nexus application is at the river basin scale. The water-food Nexus is typically studied from an 

ecological, hydrological or agronomic angle, with a limited focus on the governance issues of the 

resources (Theesfeld, 2018).  

As discussed by many researchers who worked on WEF Nexus assessments (e.g. Li et al., 2016), a 

lack of a versatile methodology to quantify the interlinkages between the three elements of the WEF 

Nexus is one of the major weaknesses in the approach. That being said, no single approach is believed 

to fit to all conditions and every case (Endo et al., 2017). Improving the existing methods and 

formulating new ones is of high priority to advance the adoption of the Nexus approach.  
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Data availability is another concern, and it represents a major barrier for implementation of the 

WEF Nexus approach. The current WEF Nexus indicators are highly influenced by data availability 

(Yang et al., 2017). Public-domain data, derived from remote sensing, ground stations or models, offer 

valuable data with a spatial coverage that is helpful for many WEF Nexus assessments. Advancement 

in sensor technologies and remote sensing techniques have allowed many of the interlinkages between 

the WEF sectors to be quantified. For example, water use efficiency (the agricultural production 

relative to the quantity of water use) can be calculated using satellite data (eg. Khalifa et al., 2018). 

The ability to integrate data that are available at different spatial and temporal scales is also of high 

importance (Li et al., 2016).  

The lack of comprehensive analytical tools is another highlighted concern (McGrane et al., 2018). 

The WEF Nexus can be very complicated and undertaking a manual analysis of data can be an 

unrealistic task. Developing integrated software and online platforms is helpful in addressing the 

potential synergies and trade-offs in the WEF Nexus (Liu et al., 2017). Reducing the uncertainties in 

WEF Nexus models is one important challenge, with questions persisting on how the Nexus 

interactions can be quantified in a reliable manner (McCarl et al., 2017a).  

According to Chang et al. (2016), ñquantifi cations of the WEF Nexus have become, and will 

continue to be, a vibrant research pursuit that advances integrated WEF modelling and management to 

provide important strategies for sustainable development in todayôs dynamic and complex worldò. 

Figure 8 provides a visual representation of the influences of the methodology supports of the key 

challenges that shape our understanding of the Nexus. These methodology supports and key 

challenges provide us with opportunities to improve our knowledge of this topic.  

 

Figure 8: Methodological supports, challenges, and opportunities associated with a robust WEF Nexus 

quantification (Chang et al., 2016) 
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The impacts of climate change on the WEF Nexus is another critical topic, given the strong 

importance of resources availability on the WEF Nexus interconnections. Questions such as how 

change in climate affects the WEF Nexus, and how the WEF Nexus responds to the impacts of climate 

change is a rich area for discussion and needs to be answered. Projections of climate change show that 

the negative impacts on some regions (e.g. the MENA region) are more pronounced than the global 

average (ESCWA, 2016).  

The institutions involved in the governance of the Nexus have received relatively little attention in 

literature. Suggested mechanisms and political instruments for an improved Nexus governance are 

often limited to general statements and recommendations such as the need to strengthen the horizontal 

and vertical cooperation or the creation of inter-sectoral communication mechanisms. In the 

governance of the WEF Nexus, some questions particularly relevant for policy makers are:  

¶ Who should be the ñAgent of Changeò and take the initiative to implement WEF Nexus?  

¶ Which institutions, governance levels and policies are adequate for vertical and horizontal 

coordination?  

¶ How will  communication be established between the involved sectors?  

¶ How can a lack of political will  be overcome?  

One of the interesting discussions taking place is the possible entry points for implementing the 

WEF Nexus approach. Bellfield (2015) identified several possible entry points for the WEF Nexus: (1) 

international commitment; (2) climate change adaptation; (3) new infrastructure projects; (4) cities; (5) 

IWRM; (6) corporate commitment and stewardship; and (7) payment for ecosystem services. 

Figure 9 summarises current state of the art in the literature on Nexus governance. 
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Figure 9: Key discussion trends on Nexus governance identified in the conducted literature review (own figure) 
















































