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Abstract 

Concerns about the water–energy–food (WEF) nexus have motivated many discussions regarding new 
approaches for managing water, energy and food resources. Despite the progress in recent years, there 
remain many challenges in scientific research on the WEF nexus, while implementation as a 
management tool is just beginning. The scientific challenges are primarily related to data, information 
and knowledge gaps in our understanding of the WEF inter-linkages. Our ability to untangle the WEF 
nexus is also limited by the lack of systematic tools that could address all the trade-offs involved in the 
nexus. Future research needs to strengthen the pool of information. It is also important to develop 
integrated software platforms and tools for systematic analysis of the WEF nexus. The experience made 
in integrated water resources management in the hydrological community, especially in the frame of 
Panta Rhei, is particularly well suited to take a lead in these advances. 

KEYWORDS trade-offs; synergies; IWRM; Panta Rhei; sustainable development goals 

1  What is the water–energy–food nexus and why is it important? 

The water–energy–food (WEF) nexus constitutes a framework for analysing the dynamic interactions 
between water, energy and food systems and developing strategies for sustainable development (see 
Fig. 1). Although progress has been made, particularly in studying water–energy and water–food relations, 
the WEF framework is just beginning to be explored scientifically. This framework is being developed 
with a sense of urgency due to the concerns about looming difficulties in feeding the world’s growing 
population with the increasing constraints on the availability of the requisite energy, water and land 
resources. According to the United Nation’s (UN) estimate, the population of the Earth will surpass 10 
billion by 2100 (UN-DESA 2011). The Food and Agriculture Organization (FAO) (Flammini et al. 2014) 
projects that 60% more food, 80% more energy will be required by 2050 to meet global demand; an 
increase in total global water withdrawals by 50% in developing countries and 18% in developed 
countries by 2025 is projected. This situation is aggravated by a number of factors, for example, the 
increasing number of people adding meat to their diets, which is energy- and water-intensive. The inter-
linkages between water, energy and food are affecting the development of each of these sectors. The 
World Economic Forum (2015) report ranked the WEF nexus as one of the biggest risks to world 
economic stability. While the links between these sectors are understood in a qualitative sense, 
describing these linkages in quantitative terms is largely lacking.   
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Figure 1. Illustration of the WEF inter-linkages. The items listed are examples that are not meant to be 
all inclusive.  

Since 2008, concerns about the WEF nexus have motivated many discussions regarding new approaches 
for managing water, energy and food/land resources (Hoff 2011, WWAP, 2015, 2016, Giupponi and Gain 
2017). The nexus framework has been gaining acceptance since it was first publically debated during the 
Bonn 2011 Nexus Conference The Water, Energy and Food Security Nexus: Solutions for the Green 
Economy. In 2014, the FAO used the nexus as an organizational concept to coordinate the complex and 
interrelated nature of the global resource system that affects agriculture (FAO 2014). A number of 
national and international organizations are now acting on this concept. At the international level, 
Future Earth launched a two-year WEF Nexus Cluster project to consider the role of integrated 
information systems on environmental and anthropogenic forces and improved governance and to 
assess how these approaches could advance the delivery of a WEF nexus approach. Future Earth has 
also advanced its Knowledge Action Network (KAN) dealing with food, energy and water in response to 
this need (Future Earth 2014). The sustainable development goals (SDGs), approved by the UN in 
September 2015, gave further impetus to a nexus approach across water (Goal 6), energy (Goal 7) and 
food (Goal 2), which, respectively, contain targets of food security for all, clean water for all, and energy 
for all; and because inter-linkages are crucial (UN-Water 2016). A well-coordinated nexus approach 
could be the first step in realizing these goals (Obersteiner et al. 2016).  

The issues related to the WEF nexus are strongly coherent with the scientific agenda shaped in the 
frame of Panta Rhei, the decadal programme of the International Association of Hydrological Sciences 
(IAHS) (Montanari et al. 2013, McMillan et al. 2016, Ceola et al. 2016, Kreibich et al. 2017). Not only 



4 

does the nexus exemplify linkages of socio-hydrology and hydrological changes with energy and food 
systems, it is also key for water, energy and food security (UN-Water 2013, 2016, van Emmerik et al. 
2014, Young et al. 2015) in the Anthropocene (Steffen et al. 2011, Savenije et al. 2014, Bai et al. 2016, 
Brondizio et al. 2016). Integrated water resources management (IWRM) approaches are integral parts of 
the WEF nexus. To this end, Panta Rhei, which emphasizes the two-way coupling between humans and 
nature (socio-hydrology) within a more comprehensive framework (Montanari et al. 2013), can play a 
critical role in the innovative development of system tools and information pools for analysing the inter-
linkages, co-evolutions, syntheses and trade-offs involved in the WEF nexus (Koutsoyiannis et al. 2016, 
WWAP 2016, Srinivasan et al. 2017); and for conceptualizing relationships with external drivers which 
are themselves changing, eventually under acceleration (Bai et al. 2016; Brondizio et al. 2016).  

2  What is new about the WEF nexus 

It is often mentioned that the WEF nexus is not really a new concept (e.g. Benson et al. 2015, von Braun 
and Mirzabaev 2016, Wichelns 2017). That is correct to some extent, as some nexus approaches have 
been used to study and explore various sectoral inter-linkages. The importance of systemic approaches 
in the management and governance of natural resources and food systems has been recognized before 
the rise of the term “nexus” in science and policy making, for instance, IWRM (GWP 2000), landscape 
approaches (Sayer et al. 2006), and ecosystem-based approaches (CBD 2000), among others. With 
increasing demands for services and growing desires for higher living standards, the need for more 
conscious stewardship of the vital resources (i.e. water, energy, food) required to achieve those services 
and desires has become both more obvious and urgent. 

Is the attention to the nexus approach therefore justified? Yes it is. The nexus approach is multi-centric 
(offering a “level playing field”) compared to IWRM and other integrated approaches that mostly 
originate from one particular sector, inviting others in (e.g. Bazilian et al. 2011). Also, the attention 
currently being paid to the nexus helps generate the required momentum and political will for action, 
which has been lacking in previous approaches (Biswas 2008, Ringler et al. 2013). It may be true that 
everything is somehow linked to everything else; however, the WEF nexus can add value by stressing the 
most critical inter-linkages and by developing a new approach around it (Allan et al. 2015, Foran 2015). 
It should be noted that, while in this paper we refer to the water, energy and food security nexus, the 
concept of resource nexus can also be found in the literature – water, energy, land and minerals. 

In recent years, there has been a rapid increase in studies on WEF nexus issues, as suggested by a 
literature search of Scopus (published articles and books) from 2010 to mid-September 2016 (by 6 
September 2016). Among a total of 231 publications, 98 and 75 were published in 2015 and 2016, 
respectively. The reported nexus work includes contributions from academic institutions, government 
organizations, nongovernmental organizations, and business. 

3 Research challenges  
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The WEF nexus presents opportunities for policy makers, business leaders, investors, non-governmental 
organizations, and the public at large to address three mutually-dependent global security concerns (e.g. 
access to water, sustainable energy and food security). However, several challenges remain for the 
corresponding research required for sound operationalization of the nexus. These are largely reflected 
by considerable data and knowledge gaps and lack of systematic analytical tools to apply nexus thinking 
effectively.  

Developing research methodologies that evaluate synergies and trade-offs in a holistic way, and making 
decision support tools available to address them are important to avoid conflicts, minimize risk on 
investment and maximize economic returns (Howells et al. 2013). Both synergies and trade-offs concern 
not only monetary values involved in the nexus but also non-monetary values which are often difficult to 
measure in market values, such as water, environment and pollution. Traditional research approaches 
rarely address questions arising from the interfaces between dimensions even though decisions taken in 
one nexus dimension can fundamentally affect the choices available in other dimensions. For 
comprehensive assessment of synergies and trade-offs among water, energy and food sectors, 
integrated models are needed to investigate the strength of the interdependency between various 
nexus dimensions and other related themes such as economic growth, poverty, biodiversity, sustainable 
development, climate change and global security. The currently applied tools are still largely limited to 
individual sectors and hence not fit for untangling these complex inter-linkages, especially beyond the 
local scale. 

It is rare that nexus boundaries align with traditional management units or administrative boundaries— 
for instance, river basins, urban areas, or even geopolitical divisions (Perrone et al. 2011). This alignment 
of boundaries and management units poses additional difficulties to access and synthesize information 
concerning the intersection between nexus dimensions. In fact, the boundary of each dimension: water, 
energy and food, has different spheres, which makes it quite challenging to characterize and manage 
interactions beyond the spheres of control and influence of any given nexus dimension (see Fig. 2). Yet 
knowledge of how the spheres of control, influence and uncertainty operate and impact each nexus 
dimension is critical for managing nexus interactions (Yillia 2016). Research is needed to elucidate the 
nature of nexus interactions in all three spheres for any given nexus dimension. In particular, innovative 
methodologies and decision support tools need to be developed to address interdependencies. This is 
especially needed in the sphere of uncertainty where interactions and interdependencies can be many 
but synergies and trade-offs are less clearly defined and corresponding impacts are more difficult to 
interpret and manage.   
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Figure 2. Interactions between the spheres of control, influence and uncertainty in the WEF Nexus 

Unifying accounting procedures for various nexus dimensions is another challenge in the WEF nexus. 
The heterogeneous in data, methods, quality and standards on different nexus dimensions are all 
constraints for computing the WEF nexus in a systematic and unified framework. For example, 
accounting for water use in the electricity sector is in principle more straightforward than accounting for 
energy use in the water sector or accounting for both water and energy use in the agriculture sector. 
Concerning energy for water, it is difficult to calculate energy end use for water in the domestic sector 
due to the varied users and uses of water (Yillia 2016). Furthermore, certain nexus dimensions (e.g., the 
key role of ecosystem services) are still difficult to assess and quantify. As the argument to include 
natural infrastructure in development planning grows and strengthens, research is required to elucidate 
and, in particular, quantify in economic terms nature’s provisioning and regulating services such as flood 
and disease control or social services such as spiritual, recreational and cultural benefits, and supporting 
services, such as nutrient cycling.  

Until very recent years, research on the water–energy–food relationships on a large scale often 
encountered difficulties in obtaining funding. Funding has been often biased towards in-depth 
knowledge in mono-disciplinary research areas. The lack of sufficient funding has caused a constraint in 
large steps forward in the knowledge, modeling and implementation of the WEF nexus. The good thing 
is that since the last few years, there has been an opportunity of enhancing funding on the WEF nexus in 
different countries. For example, the US National Science Foundation (NSF) initiated the WEF research 
program in 2015 (https://www.nsf.gov/pubs/2015/nsf15040/nsf15040.jsp). In the same year, the 
National Natural Science Foundation of China (NSFC) released a joint call for proposal on environmental 
sustainability together with the NSF, in which the WEF nexus is a priority research area 
(https://www.nsf.gov/pubs/2015/nsf15091/nsf15091.jsp). Support has also come from international 
programmes, such as the Belmont Forum, Future Earth and the Sustainable Water Future 
(http://www.futureearth.org/future-earth-water–energy–food-nexus). 
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4 Future research of the WEF nexus and contributions of hydrology: addressing synergies, co-benefits 
and trade-offs 

The value of the WEF nexus is the recognition of the coupled nature of these three sectors and the 
specific focus on critical inter-linkages (e.g. Hoff 2011, Ringler et al. 2013, Allan et al. 2015). Promoting 
synergies and reducing trade-offs (concerning both the monetary and non-monetary losses and gains) 
among these three sectors is a critical aspect of sustainability science (Biggs et al. 2015, Halbe et al. 
2015) and should be aligned with sustainable development goals. Natural resources such as water, 
energy and land are finite and human needs for them should be placed in the context of limitations of 
these resources. 
 
Human needs for water, energy and food synergies are geographically, culturally and economically 
diverse (Mirzabaev et al. 2015, Cremades et al. 2016). In some communities, nations, or regions, 
growing more food is essential for survival, a basic human need, but in other regions energy to power 
machines and automobiles is an important developmental concern. Thus, synergistic use of water, 
energy and food should be defined in a context-specific way for different regions and their different 
development priorities (de Strasser et al. 2016). Recognizing such diversity enables a better 
understanding of the WEF nexus and attainable synergies to meet the needs of all.  
 
Synergies across water, energy and food sectors should be achieved to benefit all, for example, through 
integrated governance (policy coherence) and through nexus tools (multi-functional systems). From the 
hydrological point of view, an example can be the use of hydraulic infrastructures such as hydropower 
dams to control flood, and at the same time improve water availability for irrigated agriculture, 
electricity generation and other uses (e.g. Liu et al. 2013, Pech 2013, Daher and Mohtar 2015, Mayor et 
al. 2015). This creates a plausible synergy among water, energy and food sectors, therefore enabling a 
co-benefit scenario for the communities of the energy sector, farmers, and land use planners near or far 
from these hydraulic infrastructures. However, when considering other ecosystem services that may be 
negatively affected, such as downstream fishery industries, additional trade-offs occur. This reveals 
another critical issue in the analysis and operationalization of the nexus: the system boundaries, 
geographical extent and spatial scale at which the nexus considered (e.g. Conway et al. 2015, 
Hesengerth et al. 2015, Kibaroglu and Gursoy 2015).  
 
A key to the WEF approach is to identify the points at which the resource systems interact and to 
establish appropriate data exchanges between the modules (e.g. water requirements in the land-use 
and energy systems; energy needs for water supply and land use; and land requirements for energy and 
water infrastructure). The output from one module forms the input for the other two. This type of the 
multi-model framework is the most common way in dealing with complex and multiple systems. It is in 
essence a loose coupling in which the factors in one system is exogenous to the other systems 
considered. Given its relative simplicity and transparency, this kind of model framework is expected to 
be more widely applied in the WEF nexus analysis.  
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Despite the advantages of the loose coupling of models, this approach has the limitation in considering 
feedbacks among the individual systems of the WEF nexus. Therefore, tight coupling of models from 
different sectors, in which the factors from one system are endogenous to other systems, should be 
developed to quantitatively account for the feedback effects across the systems.  In the WEF nexus, this 
approach could be used to quantify how changes of elements in one system, e.g. the hydrological 
system, influence the elements in the other systems, and to identify the feedback effects of the changes 
in the latter systems on the elements in the hydrological system. It is clear that this type of model 
integration is much more complex than the loose coupling. The complexity of such an integrated model 
framework may make its development and application more difficult. 
 
As mentioned earlier, there are many models dealing with issues relating to water, energy and food 
systems, respectively. The integration of models for the analysis of the WEF nexus cannot be confined to 
specific models or ways of integration. The selection of individual models and the development of 
analytical frameworks are condition- and scale-dependent. The data required can also vary depending 
on the issues tackled. There is no one WEF framework that can fit all circumstances. This calls for multi-
disciplinary and trans-disciplinary approaches in the WEF nexus studies and in assessing synergies and 
trade-offs involved (Howells et al. 2013).  
 
Apart from the need to develop integrated modeling approaches as elaborated above, data availability is 
another aspect that requires much efforts from all the three sectors. Currently, e.g., the data for energy 
use in the water sector are largely lacking (Perrone et al. 2011, Yillia 2016). Also, many services provided 
by the three sectors are difficult to measure and put a price on (Yillia 2016). There is a need to improve 
coordination between researchers in the respective fields, natural resources managers, stakeholders 
and consumers to generate the data required for quantitatively assessing the synergies and trade-offs 
involved in the WEF nexus.   
 
5 Summary 

The WEF nexus has received much attention since 2011, while the World Economic Forum has identified 
it as a major source of uncertainty for the global economy. There has been extensive work on the WEF 
nexus in recent years and the research funding has been gradually increasing. Despite the significant 
progress visible in the literature, there remain many challenges in scientific research on the nexus, and 
even more so in its implementation. The scientific challenges are primarily related to gaps in integrated 
data, information and knowledge related to the most critical inter-linkages and their dynamics. In 
addition, our ability to untangle the WEF nexus and make the approach operational is also limited by the 
lack of systematic tools that could address all the synergies and trade-offs involved in the nexus. Future 
research on the WEF nexus needs to strengthen the pool of information based on physical and social 
measurements (i.e. data and metrics) and interpret them jointly among all the three sectors. To achieve 
these goals, it is important to develop observation types and essential variables, datasets, software 
platforms and tools (e.g. for modeling and analysis on different spatio-temporal scales). In our opinion, 
it is important for the WEF nexus approaches to identify and model feedbacks between hydrological, 
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energy and food systems, and correspond stakeholders and societies at large. The experience and 
knowledge learned and tools and approaches developed from IWRM in the water management 
communities can be very helpful in developing an integrated framework for tackling the WEF nexus. The 
contribution of the hydrological community to this course is essential, especially in the framework of 
Panta Rhei, where ‘everything flows’. 
 
Acknowledgements 
This paper was developed within the framework of the Panta Rhei Research Initiative of the 
International Association of Hydrological Sciences (IAHS). The present work was partially developed 
within the framework of the Panta Rhei Research Initiative by the working group “Water Scarcity 
Assessment: Methodology and Application”. 
 
Funding 
This study was supported by the National Natural Science Foundation of China (41571022, 41625001),
the Beijing Natural Science Foundation Grant (8151002), and the National Natural Science Foundation of 
China (91325302, 91425303). Additional support was provided by the Southern University of Science 
and Technology (Grant no. G01296001). 
 
References 
Allan, T., Keulertz, M., and Woertz, E., 2015. The water–food–energy nexus: an introduction to nexus 

concepts and some conceptual and operational problems. International Journal of Water Resources 

Development, 31(3), 301-311. 

Bai, X., van der Leeuw, S., O’Brien, K., Berkhout, F., Biermann, F., Brondizio, E.S., Cudennec, C., Dearing, 

J., Duraiappah, A., Glaser, M., Revkin, A., Steffen, W., and Syvitski, J., 2016. Plausible and desirable 

futures in the Anthropocene: A new research agenda. Global Environmental Change, 39, 351-362. 

Bazilian, M., Rogner, H., Howells, M., Hermann, S., Arent, D., Gielen, D., Steduto, P., Mueller, A., Komor, 

P., Tol, R.S.J., and Yumkella, K.K., 2011. Considering the energy, water and food nexus: Towards an 

integrated modelling approach. Energy Policy, 39, 7896-7906. 

Benson, D., Gain, A.K., and Rouillard, J.J., 2015. Water governance in a comparative perspective: From 

IWRM to a 'nexus' approach? Water Alternatives, 8, 756-773. 

Biggs, E.M., Bruce, E., Boruff, B., Duncan, J.M.A., Horsley, J., Pauli, N., McNeill, K., Neef, A., Van Ogtrop, 

F., Curnow, J.,  Haworth, B., Duce, S., and Imanari Y., 2015. Sustainable development and the 

water–energy–food nexus: a perspective on livelihoods. Environmental Science & Policy, 54, 389–

397. 

Biswas, A., 2008. Integrated Water Resources Management: Is It Working? International Journal of 

Water Resources Development, 24(1), 5-22. 



10 

 

Brondizio, E.S., O’Brien, K., Bai, X., Biermann, F., Steffen, W., Berkhout, F., Cudennec, C., Lemos, M.C., 

Wolfe, A., Palma-Oliveira, J., and Chen, A. C-T., 2016. Re-conceptualizing the Anthropocene: A call 

for collaboration. Global Environmental Change, 39, 318-327.  

CBD (Convention on Biological Diversity), 2000. Ecosystem Approach, Decision V/6 UN Convention on 

Biological Diversity. Montreal: The Secretariat of the Convention on Biological Diversity. 

Ceola, S., Montanari, A., Krueger, T., Dyer, F., Kreibich, H., Westerberg, I., Carr, G., Cudennec, C., 

Elshorbagy, A., Savenije, H., van der Zaag, P., Rosbjerg, D., Aksoy, H., Viola, F., Petrucci, G., 

MacLeod, K., Croke, B., Ganora, D., Hermans, L., Polo, M.J., Xu, Z., Borga, M., Helmschrot, J., Toth, 

E., Ranzi, R., Castellarin, A., Hurford, A., Brilly, M., Viglione, A., Blöschl, G., Sivapalan, M., 

Domeneghetti, A., Marinelli, A., and Di Baldassarre, G., 2016. Adaptation of water resources 

systems to changing society and environment – A statement by the International Association of 

Hydrological Sciences. Hydrological Sciences Journal, 61 (16), 2803-2817. 

doi:10.1080/02626667.2016.1230674 

Conway, D., van Garderen, E.A., Deryng, D., Dorling, S., Krueger, T., Landman, W., Lankford, B., Lebek, K., 

Osborn, T., Ringler, C., Thurlow, J., Zhu, T., and Dalin C., 2015. Climate and southern Africa’s water–

energy–food nexus. Nature Climate Change, 5(9), 837–846. 

Cremades, R., Rothausen, S.G.S.A., Conway, D., Zou, X., Wang, J. and Li, Y., 2016. Co-benefits and trade-

offs in the water–energy nexus of irrigation modernization in China. Environmental Research 

Letters, 11(5), 054007 

Daher, B.T., and Mohtar, R.H., 2015. Water–energy–food (WEF) Nexus Tool 2.0: guiding integrative 

resource planning and decision-making. Water International, 40 (5/6), 748–771.  

de Strasser, L., Lipponen, A., Howells, M., Stec, S., and Bréthaut, C., 2016. A methodology to assess the 

water energy food ecosystems nexus in Transboundary River Basins. Water 8 (2), 59.  

FAO (Food and Agriculture Organization), 2014. The water–energy–food nexus: a new approach in 

support of food security and sustainable agriculture. Rome: Food and Agriculture Organization of 

the United Nations. 

Flammini, A., et al., 2014. Walking the nexus talk: assessing the water–energy–food nexus. Rome: Food 

and Agriculture Organization of the United Nations. 

Foran, T., 2015. Node and regime: Interdisciplinary analysis of water–energy–food nexus in the Mekong 

region. Water Alternatives, 8(1), 655-674. 



11 

 

Future Earth, 2014. Future Earth launches eight initiatives to accelerate global sustainable 

development. http://www.futureearth.org/news/future-earth-launches-eight-initiatives-

accelerate-global-sustainable-development 

Giupponi, C., and Gain, A. K., 2017. Integrated spatial assessment of the water, energy and food 

dimensions of the Sustainable Development Goals. Regional Environmental Change, online first, 

doi:10.1007/s10113-016-0998-z. 

GWP (Global Water Partnership), 2000. Integrated Water Resources Management: TAC background 

paper No 4. Stockholm: Global Water Partnership. 

Halbe, J., Reusser, D.E., Holtz, G., Haasnoot, M., Stosius, A., Avenhaus, W., and Kwakkel, J.H., 2015. 

Lessons for model use in transition research: A survey and comparison with other research areas. 

Environmental Innovation and Societal Transitions, 15, 194-210. 

Hensengerth, O., 2015, Where is the power? Transnational networks, authority and the dispute over the 

Xayaburi Dam on the Lower Mekong Mainstream. Water International, 40 (5/6), 911–928.  

Hoff, H., 2011. Understanding the Nexus: background paper for the Bonn 2011 Nexus Conference,  

Germany: Stockholm Environment Institute. 

Howells, M., Hermann, S., Welsch, M., Bazilian, M., Segerström, R., Alfstad, T.,Gielen, D., Rogner,H., 

Fischer, G., van Velthuizen, H., Wiberg, D., Young, C., Roehrl, R. A., Mueller, A., Steduto, P., and 

Ramma, I., 2013. Integrated analysis of climate change, land-use, energy and water strategies. 

Nature Climate Change, 3, 621–626. 

Hrachowitz, M., Savenije, H.H.G., Blöschl, G., McDonnell, J.J., Sivapalan, M., Pomeroy, J.W., Arheimer, B., 

Blume, T., Clark, M.P., Ehret, U., Fenicia, F., Freer, J.E., Gelfan, A., Gupta, H.V., Hughes, D.A., Hut, 

R.W., Montanari, A., Pande, S., Tetzlaff, D., Troch, P.A., Uhlenbrook, S., Wagener, T., Winsemius, 

H.C., Woods, R.A., Zehe, E., and Cudennec, C., 2013. A decade of Predictions in Ungauged Basins 

(PUB) – a review. Hydrological Sciences Journal, 58 (6), 1198-1255. 

doi:10.1080/02626667.2013.803183 

 Kibaroglu, A. and Gürsoy, S.I., 2015. Water–energy–food nexus in a transboundary context: the 

Euphrates–Tigris river basin as a case study. Water International, 40 (5/6), 824–838. 

Koutsoyiannis, D., Blöschl, G., Bardossy, A., Cudennec, C., Hughes, D., Montanari, A., Neuweiler, I., and 

Savenije, H., 2016. Joint editorial – Fostering innovation and improving impact assessment for 

journal publications in hydrology. Hydrological Sciences Journal, 61 (7), 1170-1173. doi: 

10.1080/02626667.2016.1162953 



12 

Kreibich, H., Krueger, T., Van Loon, A., Mejia, A., Liu, J., McMillan, H. and Castellarin, A., 2017. Scientific 

debate of Panta Rhei research – how to advance our knowledge of changes in hydrology and 

society?, Hydrological Sciences Journal, 62 (3), 331-333. doi:10.1080/02626667.2016.1209929 

Liu, J., Zang, C., Tian, S., Liu, J., Yang, H., Jia S., You, L., Liu, B., and Zhang, M., 2013. Water conservancy 

projects in China: achievements, challenges and way forward. Global Environmental Change, 23(3), 

633-643. 

Mayor, B., López-Gunn, E., Villarroya, F.I., and Montero, E., 2015. Application of a water–energy–food 

nexus framework for the Duero river basin in Spain. Water International, 40 (5/6), 791–808.  

McMillan, H., Montanari, A., Cudennec, C., Savenije, H., Kreibich, H., Krueger, T., Liu, J., Meija, A., van 

Loon, A., Aksoy, H., Di Baldassarre, G., Huang, Y., Mazvimavi, D., Rogger, M., Sivakumar, B., 

Bibikova, T., Castellarin, A., Chen, Y., Finger, D., Gelfan, A., Hannah, D., Hoekstra, A., Li, H., Maskey, 

S., Mathevet, T., Mijic, A., Acuña, A., Polo, M., Rosales, S., Smith, P., Viglione, A., Srinivasan, V., 

Toth, E., van Nooijen, R., and Xia, J., 2016. Panta Rhei 2013–2015: Global perspectives on hydrology, 

society and change. Hydrological Sciences Journal, 61 (7), 1174–1191. 

doi:10.1080/02626667.2016.1159308 

Mirzabaev, A., Guta, D., Goedecke, J., Gaur, V., Börner, J., Virchow, D., Denich, M., and von Braun, J., 

2015. Bioenergy, food security and poverty reduction: trade-offs and synergies along the water–

energy–food security nexus. Water International, 40 (5/6), 772–790.  

Montanari, A., Young, G., Savenije, H., Hughes, D., Wagener, T., Ren, L., Koutsoyiannis, D., Cudennec, C., 

Grimaldi, S., Blöschl, G., Sivapalan, M., Beven, K., Gupta, H., Arheimer, B., Huang, Y., Schumann, A., 

Post, D., Taniguchi, M., Boegh, E., Hubert, P., Harman, C., Thompson, S., Rogger, M., Hipsey, M., 

Toth, E., Viglione, A., Di Baldassarre, G., Schaefli, B., McMillan, H., Schymanski, S., Characklis, G., Yu, 

B., Pang, Z., and Belyaev, V., 2013. “Panta Rhei – Everything Flows”: Change in hydrology and 

society – The IAHS Scientific Decade 2013–2022. Hydrological Sciences Journal, 58 (6), 1256-1275. 

doi:10.1080/02626667.2013.809088 

Obersteiner, M., Walsh, B., Frank, S., Havlík, P., Cantele, M., Liu, J., Palazzo, A., Herrero, M., Lu, Y., 

Mosnier, A., Valin, H., Riahi, K., Kraxner, F., Fritz, S., and van Vuuren, D., 2016. Assessing the land 

resource–food price nexus of the Sustainable Development Goals. Science Advances, 2, e1501499. 

Pech, S., 2013. Water sector analysis. In: A. Smajgl and J. Ward, eds. The Water–energy–food Nexus in 

the Mekong Region: Assessing Development Strategies Considering Cross-Sectoral and 

Transboundary Impacts, Springer Science-Business Media New York, pp. 19-60. 



13 

Perrone, D., Murphy, J., and Hornberger, G.M., 2011. Gaining Perspective on the Water−Energy Nexus at 

the Community Scale. Environmental Science & Technology, 45, 4228-4234. 

Ringler, C., Bhaduri, A., and Lawford, R., 2013. The nexus across water, energy, land and food (WELF): 

potential for improved resource use efficiency? Current Opinion in Environmental Sustainability, 5, 

617-624. 

Savenije, H. H. G., Hoekstra, A. Y., and van der Zaag, P. 2014. Evolving water science in the 

Anthropocene. Hydrology and Earth System Sciences, 18, 319-332. 

Sayer, J., 2009. Reconciling conservation and Development: Are landscapes the answer? Biotropica, 41 

(6), 649-652. 

Sayer, J., B., Campbell, L., Petheram.M., Aldrich, M., Ruiz, P., Erez, D., Endamana, Z., Nzooh Dongmo, L., 

Defo, S., Mariki, N., and Burgess, N., 2006.  Assessing environment and development outcomes in 

conservation landscapes. Biodiversity Conservation, 16, 2677–2694.  

Srinivasan, S., Sanderson, S., Garcia, M., Konar, M., Blöschl, G., and Sivapalan, M., 2017. Prediction in a 

socio-hydrological world, Hydrological Sciences Journal, 62 (3), 338-345. 

doi:10.1080/02626667.2016.1253844 

Steffen, W., Grinevald, J., Crutzen, P., and McNeill, J., 2011. The Anthropocene: conceptual and historical 

perspectives. Philosophical Transactions of the Royal Society A, 369, 842-867. 

Thompson, S.E., Harman, C.J., Schumer, R., Wilson, J.S., Basu, N.B., Brooks, P.D., Donner, S.D., Hassan, 

M.A., Packman, A. I., Rao, P.S.C., Troch, P.A., and Sivapalan, M., 2011. Patterns, puzzles and people: 

implementing hydrologic synthesis. Hydrological Processes, 25 (20), 3256–3266. 

UN-DESA (United Nations, Department of Economic and Social Affairs, Population Division), 2011. World 

Population Prospects: The 2010 Revision, Volume I: Comprehensive Tables. New York: United 

Nations. 

UN-Water, 2013. UN-Water Analytical Brief on Water Security and the Global Water Agenda. Hamilton: 

United Nations University. 

UN-Water, 2016. Water and Sanitation Inter-linkages across the 2030 Agenda for Sustainable 

Development. Geneva. 

Van Emmerik, T.H.M., Li, Z., Sivapalan, M., Pande, S., Kandasamy, J., Savenije, H.H.G., Chanan, A., and 

Vigneswaran, S., 2014. Socio-hydrologic modeling to understand and mediate the competition for 

water between agriculture development and environmental health: Murrumbidgee River basin, 

Australia. Hydrology and Earth System Sciences, 18, 4239-4259. 



14 

von Braun, J., and Mirzabaev, A., 2016. Nexus scientific research: Theory and approach serving 

sustainable development. In: F. Dodds and J. Bartam, eds., The Water, Food, Energy and Climate 

Nexus: Challenges and an agenda for action. Abingdon, Oxon: Routledge. 58-71. 

Wichelns, W., 2017. The water–energy–food nexus: Is the increasing attention warranted, from either a 

research or policy perspective? Environmental Science & Policy, 69, 113-123. 

World Economic Forum, 2015. Global Risks Report 2015. Geneva: World Economic Forum. 

WWAP (World Water Assessment Programmme), 2015. The United Nations World Water Development 

Report 2015: Water for a Sustainable World. Paris: UNESCO. 

WWAP, 2016. The United Nations World Water Development Report 2016: Water and Jobs. Paris: 

UNESCO. 

Yillia, P.T., 2016. Water–energy–food nexus: framing the opportunities, challenges and synergies for 

implementing the SDGs. Österr Wasser- und Abfallw, 68 (3), 86–98.  

Young, G., Demuth, S., Mishra, A., and Cudennec, C., 2015. Hydrological sciences and water security: An 
overview. Proceedings of the International Association of Hydrological Sciences, 366, 1-9. 
doi:10.5194/piahs-366-1-2015 


