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Introduction

The Nexus describes the interconnections ardrdependencies betwed#ime water, energy and
food (WEF) sectors. These interdependencies of the Béetritieshavereceived growing attention
in the past years by acadenaiad policymalers. In 2011, the World Economic Forum identified the
lack of understanding dhe Nexus as a major global economic challeagdthe Bonn conference in
the same yeaput forwardthe Nexus approach as a fundamemiatessary shiffor sustainable
developnent.

To address the need to inform poliaypakers and other decision makers about reseanmtterning
the WEF Nexusthe needfor a literature reviewvas identified, with the aim torovide an overview of
key Nexus concepts and tools that can be appligmblicy ard practice. Thisreview aims to help
bridge the gap between science and policy in the implementation of Nexus thinking. Furth@rmore,

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

In recent yees, umerais ientific conferencesn the Nexus topibavebrought scientistpolicy-
makers, civil society and the private sedtmgethey over a spectrurof different disciplinesThis has
resulted inhundreds of published articles and repadswellas new intiatives, funding mechanisms
and programes to advance sectwide Nexus managemeriurthermore, everal review papersf
the WEF Nexus research fieldhve been publishad the past few yearandeachof these reviews
has a specific purpose drfocus The Nexus is extremely dynamic and state of the art developments in
its study mean thathe collectiveunderstanding of théopic within the scientific community is

constantlyexpanding

Other scientists aregenerallythe primary target group dlexusrelaied 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 reactstiiesholders responsiblerforinging thetheory
of the Nexus conges into pacice. Hencejdentifying and using adequate mechanisms to transfer
scientific knowledge to the relevant stakeholders is often perceived as one of the major shortcomings
There is a neetb create awareness of advantages and opportunitiesaducinga Nexus thinking to
improve current policies of resources managemeint.et al (2017) statedthat while research on
methods and toslto quantify assess or plato addresshe Nexus are pleifial in scientific literature,

tools to supporits implementéion areonly 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 aattensgthe
topic, exanples where this interfacing is practiced aeey rare or they are usually not reported upon

in scientific literature.



This review aims to be a resource for professionals responsible for Nexus relevant decisions
either in planning, financing or implementation. It aimsto provide an overview of the literature
covering the WEF Nexus topic, with a discussionon how the approach can be effectively
implementedon the ground. The review also aims tosummariseongoing WEF Nexus initiatives
and regional applications of the WEF Nexusin 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 keygixs of relevaneto the assessment of tHéexusandNexus intervenbns
Direct links to the original documents and webstes provided allowing the reader to accese
original publications to learn more about the methods and tools of interest

Different typesof dataandtools canbe usedto assesslifferent aspectef the Nexus and these
allow the comparison ddlifferent development scenari¢ise. combining different planning scenarios
modelling the interconnections betwebe WEFsecurities) But further to thisa dialogue is required
to canvey the necessity ohdopting aNexus approach arnd show that its implementation fisasible.
Implemenation of the Nexus typically requireghe linking of different policy domains The
connection of thesB s i | o0 s 0 -rmakingdseaypidalsy ia ochallenge fmlicy, thoud definitely not

limited to the realm of the Nexus.

Thi s literature review was p r e RagioeatiDialogned e r t he
Programmé co-funded byBMZ and European UnionEU) and implemented by GIZ in thdiddle
East and Noht Africa (MENA) region, inLatin America and the Caribbe&bAC) and in the Niger
basin, by Regional Environmental Centre for Central AS@AREQC) / International Union for
Conservation of NaturdUCN) in Central Asia and byhe Global Water Partnershi@\{P) in the
Sauthern AfricanDevelopment CommunitySADC) region It summarses the currently available
state of the artaddressing the conceptual understanding of the WEF Nexus and the applicttieon of
concept on the ground. A focus was placed onrieimentatiorof the Nexus concepts in the focal

regi ons addr e sRegiodalDialgguesPnogranime x u s

Chapters 1 and 2 provide an overviefithe Nexusconcept and ithistoricaldevelopmentChapter
3 discusseemploying the Nexus approadihager 4 providesa brief summary of the Urban Nexus
concept Chapters analyses reports which des@ibe analysis or implementatiaf the Nexus within

thefive target regionsind Chapter 6 contains #lography of selected literature.

This review isbasd on availald and accessiblenline sourcesHowever the authors do nalaim
to provide complete coverage of the topic as many research issues and projects may address Nexus
relevant topicseventf hey are not addr essed teastionS btheeVElRN e x u s 0

domains.



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

This chapterprovidesan overview of the literaturethat describeghe Nexusconcept highlighting
the importanceof addressinghe WEF Nexusin practice This chapteris centredon addressingour
key questions:

a) Whatis theproblemsetting?

b) Whatis the Nexusapproach?

c) How is the Nexusrelatedto the 2030Agenda?

d) Whatarethe challengesn theimplementatn of a Nexusapproach?

What is the problem setting?

The world is airrently facing a great challenge of securing water, energy and foaVvdoyone.
Due to rapid population and economic growth in combination with accelerated urbanisation and
changing liestyles, demand for these three services is increa$aovgever, thenatural 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 iod@anore of these services. This great
challenge regues new managment approaches that ensure the adequate supply of these services to
everyone while simultaneously ensuring the sustainability of natural resoBrog&ling servicesin
the three secterare founded omxploitation ofthe same natural reses baseand the processesf

exploitationimpact each other in numerous ways.

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

security areconsiderd:

1 Water securityfiThe capacity of a population tafeguard susiaable access to adequate
quantities of acceptable quality water for sustaining livelihoods, humarbeialy, and
sociceconomic development, for ensuring protection against veatere mllution and
waterrelated disasters, and for presagviecosystemin a climate of peace and political
stabilityt ( UN Water, 2013).

1 Energy securityi The uninterrupted availability of
(IEA, n.d.).

T Food s ekoalrséctrity :exist8 when all people, at all times, hpkgsical and
economic access to sufficient, safe and nutritious food that meets their dietary needs and

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

Projectionsof future water, energgnd food demandso vary, but they all agree that denghin the

three sectoraill significantly increase over the coming decades while the natural resources base will



simultaneouslybe weakened through environmental degradation and climate chaihgs these
threats aralepicted onFigure 1, which describes the relationshipetween water, energy, food and
climate in light of global projections which indicate increasing scarcities and growing demand. Th
set ofprojections predict that by 203the demansifor food and energy Wi 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 2014; Cairns and Krayoszynska, 2016).

Increased demand
50% by 2030 (IEA)

Energy

Food Water

Increased demand Increased demand
50% by 2030 30% by 2030

(FAC) (IFPRI)

Figurel: Water, energ and foodprojections(increases on 2009 level@eddington, 2009)

The policy-making frameworksaddressinghatural resourcesmanagemenhave historically been
characterisedy sectorh approachesnd isolated policy responseswhich undegmine the compex
relationshipdbetweersectorsandresourcesystemsThis hasoftenresultedn segmenteglanningand
resource stresses(Pittock et al.,, 2013). Isolaed planning in the water,energyand agricultural
sectosleads to unintendedconsequenes and additional WEF resourcesstresseswhich in turn
worsers livelihoods and underminessustainabledevelopment(Bizikova et al.,, 2013). It became
evidentandurgentthat more responsiblananagemendf WEF systemswvas neededo copewith the

changindifestylesandgrowing demandor resourcesndserviceqLiu etal., 2017).

What is the Nexusapproach?

The concept of the WEF Nexus emerged as a response farabiem settingThe WEF Nexus
descriles and analysebe interlinkages between the threetses, with tfe ultimate goal todentify
potential synergies and minimise traafés between the three sectdksoff, 2011) Natural resources
scarcitiesare often placedt the catre of such debates (Allouche et, &014). The ingeasing
pressues on scarce natural resources stemming from aniresreasing demand for soe@ronomic

development have encouraged the analysis of these interactions between the sectors in a more



sysematic way. An intervention in one of these three gecmay inducepositive or negative

conseqguences on one or both other sectors.

It is noted that some literature includes thevimnmentand/or €osystemswithin the Nexus
(labelled as the WEFE Nexys)s does the Nexus Regional Dialogues Prograritrieacknowledged
that the environment aretosystem 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 impitcit ti
consideration of each of the three sectbigure 2 shows this integrated approach to the assessment of
the WEF Nexus, with ecosystems located at the centre (GlZ, ZBdBermorea Nexus problem is
not defined as necessarily involving all three of the ewatenergy andfood sectors; the
interconnections between any two of these sectors constitutes a Nexus problem. In this document we
therefore focus on the watenergy Nexus, the watéwod Nexus, the rergyfood Nexus and the

waterenergyfood (i.e. WEF)Nexus.

Food
Security

Water
Security

Figure2: The WEF Nexus from the ecosystem perspedtdi&, 2016)

Addreseng challenges related the WEF Nexusrequires the assessmentmideoffs between the
WEF sectorsFor examplethe spread in biofualsecould lead to areduction in available water and
land for other purposes, most importantly for food production; the increase in water demand for

agriculture and energy competes with temandfor more dinking water; and increasing utilisation



of energyintensive water dsalination plants for drinking water and irrigation (Bazilian et2f111).

Figure3 shows some examples of timerconnectios between the WERexus elements.

C\-\mate and Land Use hange

/- Energy for water processing and

treatment

- Energy for fertilizer production
- Energy required for agricultural
activities

- Energy for food industry

- Biomass for biofuel feedstock
and other energy uses

- Energy for water pumping
- Energy for desalination

- Water available for hydropower
- Water for power plant cooling
- Water for (bio)fuel processing

——

- Water needs for food,
fiber and fodder crops
(rain-fed and irrigated)

- Water for biofuel crops

(rain-fed and irrigated)

Figure3: lllustration and examples of the WEiRterconnectiongLiu et al, 2017)

Although the systems are physically interconnected, decisions and policy planning in each sector
aremostlymade in isolationRasul, 2016White et al, 2017). Thus, the Nexus gougance discose
postulates that to manage risksaximise gain and optimise tradffs in resources use, we musit
only understand how these systems are physically connected but how they aréoimaitifuinked
(see for example, Scott et,&011; 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 severaports and frameworks.

Water is considered as thentral elementin many Nexus research examples. This is mainly
because the WEF Nexus concept was pally developed within the water sector and a significant
quantity of Nexus literature stems from watesearch projects. Reasons that could explainettieat
role of water in applying the Nexus arfl) water represents a basic need for human life and for
development, e.g. to produce food and enefg)ythe scarce nature of water and uneven distabut
of the resource around the glolf®) earlier awamess about thconnectivity of this sector with many
sectorsand (4)the Nexus approach hamergedfrom many recent approaches such as the concept of
Integrated Water Resources Management (IWRM),ciwremphasise a multifaceted approach of
addressing theesource.

How is the Nexusrelated to the 2030Agenda?

Specificto Agenda 2030 hree of the seventeanistainable development go&8DG9 are directly
related to the water, food aedergy sectorfJN, 2015):
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1 SDG 2 (Zero Hunger)End hunger, achievéood securityand improved nutrition and

promote sustainable agriculture

1 SDG 6 (Clean Water and Sanitatioinsure availability and sustainable management of

water and sanitation for all

1 SDG 7 (Affodable and Clean EnergyEnsure access to affordabteliable, sustinable
andmodern energy for all

Although hese three goals directly relatethe individual areas afiater, energy and food security
progress in twelve of the seventeen SDGs is dyraelated to the sustainable use of resources
(Mohtar, 2016), andsome goalscannot be achieved without a holistic view of the WEF NeXine
study of the Nexus has been identified asiseful approachfor quantifying and assessing the
interactiors betwea the different goalsncluding the effects that tHelfilment of one goal may have
on the fulfilment of othersBrandi et al.2013; Weitz et a.2014; Mohtar, 2016

For example, SDG 11 covers sustainable cities and communities. Cities and comnaonities
benefit heavily from the WEF Nexus approachmake use of th potential synergies between the
three sectors and avoid the potential traffe between them. The Urban Nexus approach focuses on
promoting the WEF Nexus approach in cities and metitgpotegions, an approach that, if adopted,
would optimise the procss of achieving SDG 11. Thus, there is a need to adequately incorporate the
WEF Nexus thinking in thenplementation of th&DGs.

What are the challengesn the implementation of a Nexusapproach?

Despite the large body of literature on ttencept and td manyresearchprojects applying the
concept, there is an ongoing discussion on hovbdst transfer the concept from a theoretical
framework to be implemented on the groumd.date, masliteraturecovering the Nexufocuses on
the theoratal and empical justification of the need for an integrated approach and policy coherence
to govern the WEF Nexuslhis is because decisions which enhance security in one sector may
compromise secuiesin others (e.g. Hoff, 2011; Rasul, 2016:34idiet 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 emphasisasribie of
institutional relationships and effidace coordinationmechanismgScott, 2017; Weitz et al2017.
Havingi st ronger institutions t hathekayrteea Nexad appaachi nt er
(Hoff, 2011). However, considering & complexity emerging from horizontal and vertical
interdependenciesthe Nexus researchers identify several challenges to the implementation of the

Nexus approach in decisignaking.
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The literature postulates that historically entrenched and verticallyctered government
departments as well as seeb@ar®d policies ad regulatory mechanisms act as main barriers to the
adaptation of a WEF Nexus approach in decision making (Bizikova, @0aB; Conway et gl2015;
Rasul, 2016 Scott, 2017)Based on ase studies, Scott (2017) concludbe effectivenessf the
Nexus @proach is determined by institutional relationships and the capacities of governing

organisations to cooperate with each other.

Further key barriers to implementation highlighted in therent discourse emerge from the
traditional, sectebased structure of political institutions and governance proces3és following
barriershave been identified in literature:

Lackof communicatiorbetweerthe sectorgBhadurietal., 2015 Weitz etal., 2017).
Divergentsectorainstitutionalframeworls andinteress (Weitz etal., 2017).
Unequaldistribution of power and capability betweenthe sectors(Bizikova et al., 2013;
Conwayet al., 2015;Rasul,2016;Howarth& Monasterolo2016;Scott,2017)

1 A lackof willingnessto cooperateand lack of trust acrossgroupsof actorsbelongingto
different disciplinesand governmentlevels (Lele et al., 2013 Embid & Martin, 2017
Scott,2017).

Numerouscasestudiesnvestigatethe barriersto theimplemenation of a NexusapproachSome
examplesare:

1 An analysis of institutions anddecisionmakingmechanismén the waterenergyNexusin
the United Statesof Americaassertedhatil t higaneedto explicitly considerinstitutions
and decisionmaking, not just input and output relationshipsbetweenwaterandene r gy 0
whenconsideringa Nexusapproach(Scottetal., 2011).

1 Basedon a casestudy in southern Asian countries implementationof the WEF Nexus
approachrequiresa paradigmshift in the decisioamaking processtowardsadoptinga
holistic view anddevelopng institutional mechanismso coordinatethe actionsof diverse
actors(Rasu| 2016).

1 An investigationof WEF Nexusgovernancdan Indonesia Kenyaandthe Amazonbasin
identified the lack of strategc clarity amonginstitutions,a lack of coordinationbetween
sectorhdepartmentsit the nationallevel andlack of communicatiortools andinstitutional
mechanismgo coordinatethe actionsof diversesectors(horizontaland vertical) as main

barriersto cooperatior(Scott,2017).

12



2. History and Developmemf the WEF Ne&us

To understandhe complexity of theVEF Nexus a more holisticand interdisciplinaryscientific
effort was requiredAlthough the idea ofesources connectivitwas known fordecadesthe complex
interlinkagesbetween water, energy andotl and the psitive and negativeonsequencesf these
interlinkageswere only studied in more detail during the l&sh years This chapter presents
chronologicaloverview of thedevelopment of théNexus approach, focussing on conferences and
scientifc publicatiors.

Before 2011

The Nexus framing has many similarities to other holistic approaches to environmental decision
making (eg. integrated natural resource managemem it builds on theseNexusrelated
conferences, research initiatives grdjects have tadn place as early as the 1980s; however, these
early studies typically focussed on interconnections between two sectors (Endo €f7al Fr2ning
resources problems in terms of WWE=F Nexus was not formalised before the late 20Q@sk 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. Gomertb with thestresses 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 r epor turityi We WaterFoo8EnergyCl i mat e Ne x bedbythe®wdd publ i s
Ecaonomic Forumin 2011 In the report, the close interlinkages duatlire challenges between water
security and nine other sectoegiculture, energy, trade, national, security, cities, people,business,
finance andclimate) are describel. The reportalso includes position statements towards the
interlinked water challenges by influential representatives from governments, religious groups, NGOs

and private business@#&/orld Economic Forunwater Initiative 2011)

The first majorNexus evehwas the 2011 conferendeThe Wat er |, ESeeuritgy and
Nexus-Sol uti ons for t he (@fereetoaskhe Bonn20ty confarentedk etn n
al., 2015. In thelead up to thixonferencet he background pamMNenxuwu idnder st
published(Hoff, 2011) andbecamean influential papecoveringthe WEFNexus. Figure4 replicates
the schematic illustration of the WEF Nexus presented in Hoff (2011) highlighting the
interdependencieand the changpressures thaffect the concept. Three guiding principles for the
Nexus approachredenotedasifiac t i o n, ahdglebhl tends are included as drigéroff, 2011)

13
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Figure4: The water, energy arfdod security NexugHoff, 2011)

As evident inFigure 4, Afavail abl e water resourceso is plac
This is becausef the importance of water, which is neanbstitutable in biomasproduction, and
biomasds a central resource foregy and foodsecurity in a green econorfiloff, 2011).

The publications by Hoff and the World Economic Forum are re@eghas higimpact reports in
several reviews of the WEF Nextsstorical develoment (Leck et al, 2015; Mohtarand Lawford,
2016 Albrecht et al. 2018.

In its Global Risk Report, The World Econarrorum presented the risticussed WEF approach
illustrated inFigure5. The forum framed the WEF Nexus as a one of the major risk areas, together
with illegal economies and macroeconomic imbalances. In this Wwarkewater and food security are
connected to failuein global gwernance and economic disparity, resulting in kergn water and
food shortages and crises. Energy security is sedmave impacts on growth and social stability,
where energy shortages iseen as an economic risk. Population growth, ecangnowth 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 proactinsaesmal quick
mobilisation during crisedNorld Econanic Forum 2011; Alloucheet al.,2014).
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Figure5: lllustration of the WEF Nexus adopted by the World Economic Forum @¥btld Economic Forum,
2011

2012

Building on thework from the Bonn2011 conferencthe Rio+20 Confera@e on Sustairtzde
Development took place in 2012t the Rio+20 conferencdi F ut u r e an Enhterdisciplinary
research initiative on global environmental change and global sustainability was lauficbddst
key challenge of the Future Earth 2025i%ism i s er waté,eheigy, and food for all, and manage
the synergies and tradef f s a mo(Future Eah,2014)

Numerous other forums and conferences spatifically aldressed the Nexus themes were held all
over the world in 2012Lck et al, 2015, indicating the positive perception of the Nexus concept in

different professional and academic commusiti

Derivations of the first Nexus framework (i.Bigure 4) began to developFor example, he
International Centre for Integrated Mountain Developn{é@tM OD) developed an adapted Nexus
framework for the Himalags and South Asia region. As shownHigure 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 proddttief the ecosystems are seen as crucial to achieving

WEF securitytherefore, their protection and enhancement is necessary (Rasul, 2012).
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Figure6: WEF Nexus approach in the Himalayas and South @ssul, 2012)

2014

Theconf erence fASust aiiEnardyiFdod Nexis. Bynergieshnd Trad&offse r
Governance and Tools at various Scaleso was hel
Earth (Endo et al. 2017) The conferene addresed sustainability in the WEFeKus as a key
researckor-action initiative and addressed the following two main issues regarding a sustainable
Nexus implementation: How can thiexus be implemented across different scales and howrad&
offs bereduced due to governanpeactices(Bhaduri et al.2015) As key result of the conference a
Call to Action was issued tpolicy makers, practitioners and researchexguesting respwible
governace of natural resources asnecessary first step for action, extensive participation of
stakeholders to work toward sustainable development and the expansion of financial, institutional,
technical and intellectual resources fdexus reseah and applicéons (The Global Water System
Project 2014)

In 2014t he Wat er Il nstitute at the University of N
Food, Clima¢ and Ener gganda@ liow ercanferenedda took placen 2018) The key
result was the input provided to thénited Nations (UN) SDGs process. The Nexus Declaration
pointed out the importance of an integrative approachhe definition of he SDGs(Dodds &
Bartram 2014)
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In 2015, the United Nations (UNjad o pt ed t h &ransfaams@ duu worldothe 268
Agenda for SustainablBevelopmen |, whi ch contained 17 SDGs and
201%). It should be notedthtath er e i s no speci fi c theesbGshoweverof t he
a Nexus approach enables us to worbwards gsinultaneously achieving wateenergy and food
security, thus ensuring access for basic human needs (Stephan et al A2048)s approach allows
potential tradeoffs to be identified at thepolicy design stageallows the identification and
development of el uti ons t hat positively benefit mul ti pl
implementation strategies (FAO, 2018).

The Paris Agreement was signad 2015 which aims to limit the inaease in global average
temperatures twell below2°C above prendustrial level§UN, 201%). Climate change and the WEF
Nexus are inextricably linked, and this has be&enognsed in current political and scientific
discussion It is critical to developeffective strategies to adapt to climate change awsdrewater,
energy and food securitypr a growing global populatioAn overallanalyss of the links between the
WEF Nexus, the SDGs and the Paris Agreement resegttie crucial role of WERNexus conceptin
achieving bothihe goals of the Paris Agreent and of the&sDGs (FAO,2018.

Current State

The Nexus approadh increasingly usedt the project level and supported by some governments,
civil society, international development partners, thevgte sector and researdfAO, 2018.
Numerous conferees and interational workshops have taken place in 2018 (eg. Nexus: Water,
Food, Energy and Climate Conference at the University of North Carthi@&esNexus Conference
at Wageningen UniversityWater-Food Nexus High Level Panel at the World Wateruroin Brazil;
various sessions at the Stockholm World Water Week; The -EnedyyWater Nexus Min
Symposiumat Monash Universify Many conferences and workshops are also taking place with a
focus on ddressing specific Nexus issues at the regional s(dexus Platfom, n.d; see

https://www.watetenergyfood.org/nexusplatformthe-waterenergyfood-nexusj.
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3. Employing he WEF Nexus Approach

This chapter considetsow the WEF Nexus approach cam édmployed. This refers to thseof a
Nexus style tmking in theassessment of a problempdelling the Nexusensuing that the outcomes
of a Nexus assessment are put into practice, and the governanc®uiERidexus.An outlook on the
WEF Nexus andasearch gaps are discussed at the end of the chapter.

3.1. Assessmerof theNexus

Threeguidingquestionsarediscussedhn the assessmemtf the WEF Nexus.Theseare
1 Howto evaluaethe WEF Nexusinterconnectios
T  WEF Nexusmodelling

9 Considerationsh the WEF Nexusassessment

How to evaluate the WEF Nexusnterconnections

Typically, when analysing the situation of the individual water, energy or food sectors,
consideration is usually only given tioe resource use and demand ofittievidual sector.This often
involves the use of one dhe water security energy secuty or food security indices, without
explicitly considering security aspects in the other tespite the availability of these indicators in
each sector, they have a limited capacitgapture the interlinkages with the other two sectors.

Recently, may analysis frameworkand methodologiesave been introduced to facilitate a better
understanding of the WEF NexuBifferent methodologies have varying data requirement, benefits
and linitations, and some only operate at particular geogcapkcales (forecht et al., 2018)Data
and information availability are of paramount importanceyidisout them, the most importalNtexus

interactions cannot be properly identifigmbid & Martin,2017)

The FAO developed an approach to address thergies and iterlinkages between human and
natural resources. It focuses on the resource base, including the biophysical aret@ommic
resources, as a basis fafdressinghe Nexus between watemergy and food securities. The first part
of the appoach is illusratedin Figure7, which showghesteps from the analysis of interactions to the
comparison of different interventions. The suggested rapid W&is assessmentbasedmnainly on

indicators that aralready avdable in open access databases (Flammini et al., 2014).
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RESPONSE OPTIONS /
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Figure7: FAO components of the Nexus assessniEl@mmini et al., 2014)

Modelling the WEF Nexus

Monitoring the many WEF interlinkagesis crucial for a beter understandig of the potential
synergiesand tradeoffs betweenthe three sectors. Quantification is needed to provide a better
understanding of the numerous interlinkages and to improve decisiamgnflaket al., 2016; ElGafy,
2017) Excellent review of the avaibble methodologiemtroducedin the lastfew yearscanbe found
in Changetal. (2016, Endoetal. (2017, Kurian (2017)andAlbrechtetal. (2018).Importantly,each
Nexuscaseis uniqueandthereis no versatileand comprehensivéVEF Nexus modelling approach
that fits to modelling and quantifying every case It is importantto note that despitethe variety of
modelling optionsavailable,the complexity of the modelrequiredis always dependenbn the Nexus

situationbeingstudied.

Table 1 summarisesn extensivereview of the availablemodelsto assesshe Nexus(Dai et al.
2018). The methodslisted describeboth modelsand frameworksusedto assesgshe WEFs Nexus.
Threeimportantclassificationsaremadefor eachmodet

1 Thetypeof model
0 Quantitativeanalysismodel- quantifiesthe resourceflows but without modelling
scenario®vertemporalscales
o Simulationmodel- asinglemodelfor simulatingscenariosovertemporalscales.
0 Integrated model - a combined model with both quantitative and scenario
functions.

1 Thegeographicascaleit addressedrom thecity to thetransboundarievel
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1 TheNexuschallengelevel, which refersto thetype of applicationof the modelresults.The

threeidentifiedtypesare:

0 Understandinghe Nexus:the datademonstrateinkagesandidentifies problems,

risksor opportunities.

o Governingthe Nexus:hasthe purposeo guide aninstitutionalor policy response.

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

interventiongo improveefficiencyor effectivenes®f resourcesises.

Tablel: Summary of availablenethods to moel theNexus(Adaptedfrom Dai etal., 2018)

Method SG;?gapmcal Model type | Software Purpose El:eﬁr:nge level
Methods covering the WaterEnergy Nexus
El (Energy Intensity)| City level Quantitative | No software | Quantify energy flavs in Understanding
analysis urban water systems
model
Linkage analgis City level Quantitative | No software | Explore the structure and | Understanding
analysis interconnection of both
model water and energy resource
in cities
UWOT (Urban City level Quantitative | Online tool Quantfy energy usén Understanding
Water Optioneering analysis uwoT urban water supply systen
Tool) model
MRNN (Multi- City and Quantitative | No software | Explore the Understading
Regional Nexus regional level | analysis interconnection of energy
Network) model consumption and water use
for urban agglomerations
Systemdynamic Regional level | Integrated No software | Longterm regional water | Understanding
approach model and energy resources
management
Jor dands { Nationallevel | Integrated No sftware | Link decisiormaking to Governing
model higher use efficienceeof

water ancenergy in Jordan

Methods covering the WaterEnergy-Environment Nexus

UWItoA (Urban City level Quantitative | Pacific Simulate energy use and | Undeastanding
Water to Air Model) analysis Institute; A air quality in urban wate

model spreadsheet | systems

model

WESTWeb (Water | City level Quantitative | University of | Assess energy use and Understanding
Energy analysis California, GHGs in water supplgnd
Sustainability Tool model Berkeley; utilisation system
Web) Online tool
GLEW (Great Laks | Regional level | Simulation | Studio Impacts of electricity Understanding
Energy Water model Expert 2008 | generation portfolios on
model) water resources in the

Great Lakes region

REWSS (Regional | Regional level | Quantitdive | Open source | Calculate the annual Understanding
Energy &Water analysis REWSS environmental impacts of

Supply Scenarios model supplying energy and wate

model) to a specified region

Integrated CGE Natioral level | Simulation | No software | Forecast the imget of Governing
(Computable model energytax policy on

General Equilibrium)

energy and water use and

demand
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CMDP (Competitive | National level | Simulation | No software | Impacts of carbon taxes | Understanding
Markov Decision model and water onlectricity
Process model) systems
MA (Meta-system National level | Quantitative | No software | Quantify material and Understanding
architecture model analysis energy flows in national
model electricity, water and
wastewater systems
SPATNEXWE National level | Integrated No softwae | Track energy flows and Implementing
(SPAtial and model water withdrawal and
Tenporal NEXus consumption throughout
Water Energy) water and energy systems
Modified AQAL (All | Regional and | Integrated No software | Explore the water and Implementing
Quadrants All national level | model electricity linkages under
Levels) climate changes, and asse
policy implications
Mixed-unit MRIO National and | Quantitative | No sdtware | Life cycle assessment of | Understanding
(Multi-Regional transboundary| analysis water use in energy
I nput1 Out | level model production, and
analysis model) environmental impacts
TIAM-FR (TIMES National and | Integrated MINES Paris | Forecat water demands in| Understanding
Integratel transboundary| model Tech Center | energy optimisation
Assessment Model) | level of Applied considering climate
Mathematics;| changes
NS
WCCEM (The Water| National or Simulation | No software | Assess water and carbon | Understanding
and Carbon global level model taxes impacts on national
Conscious Electrity electricitygenerations, and
Market) to control water usage and
greenhouse gases (GHGs
RRP (the integrated | Multi-scales Integrated No software | Impacts of water flow and | Understading
rainfall-runoff model model temperature on power
andpower system systems
model)
WATER (Water Multi-scales Quantitative | Argonne Assess water use and Understanding
Analysis Tool for analysis National quality in fuels production
Energy Resources) model Laboratory;
Online tool
WEAP-LEAP Multi-scales Integrated SEl; WEAP | Policy impacts on water | Governing
(Water Evaluation model and LEAP and energ demands as
And Planning systen software well as GHGs
and Lorg Range
Energy Alternatives
Planning)
Methods about the WaterEnergy-Food Nexus
ZeroNet DSS Regioral level | Integrated | Several free | Decision support in Governing
(Decision Supporting model software resource management in
System) basin
Nexus Assessment | Regional and | Quantitative | FAO; Online | Qualitative and Governing
1.0 national level | analysis rapid guantitative assessnteof
model appraisal tooll Nexus
IAD-NAS National lewel | Quantitative | No software | Impacts of institutions and| Governing
(Institutional analysis policies on the
Analysis and model sustainability of water,
Development food and energy
Frameworks

combined with value

chain analysis)
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security nexus
Optimization model)

0O s among r e
systems as well as

environment a

WEF Nexus Tool 2.0 National level | Simulation | Online tool Quantitative assessment | Governing
model and forecast of WEFN

DEA (Data Multi-scales Quantitative | No software | Evaluate regional input Understanding

Envelopment analysis out put ef ci e

Analysis) model resources holistically

WEFO (Water, Multi-scales Integrated | WEFO tool | Quantitatively assess the | Governing

Energy and Food model interconnections and trade

Methods covering the WaterEnergy-Food Nexus / WaterEnergy-Land-Climate Nexus

MSA (Multi-sectoral | City level Quantitative | Matlab tool | Understand resource flowg Understanding
Systems Analysis) analysis as wellas human effects o
model the urban metabolism
GCAM-USA (The Regional level | Integrated Open source | Long-term analysis of Governing
Global Change model tool water withdrawal and
Assessment Model if demand in electricity sectg
USA) of USA states
PRIMA (Platform Regional and | Integrated | Velo Simulate the interactions | Implementing
for Regional national level | model among climate, energy,
Integrated Modelling water, and land at the
and Analysis) decisionrelevant spatial
scale

MUuSIASEM (Multi- | National and | Integrated FAO, free Assess metabolic pattern ¢ Governing
Scale htegrated regional level | model online tool energy, food and water
Assessment of related to soci@conomic
Society and and ecological variables
Ecosystem
Metabolism)
Foreseer Nationaland Integrated University of | Map flows of water, Understanding

transboundary| model Cambridge; | energy, land use and GHQ

level Online

Foreseer tool

Modified SWAT Transboundary Integrated Open source | Waterprovisioning each Understanding
(Soil and Water level model model economic sector in
Assessment Tool) transboundary context
TRBNA Transboundary Integrated UNECE, NS | Assess the WEFEN in Implementing
(Transboundary level model transboundary river basins
River Basin Nexus
Approach)
CLEWS (climate, Multiscale Integrated KTH; open Assess climate impacts or] Implementing
land, erergy and model source tool | resources and supply help|
water) 0OseMOSYS | in policies evaluation

Considerationsin Modelling the WEF Nexus

Daher et al(2017) suggesd that seven esag@al 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 systemfesystems 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 decisiaker in the process?

Similarly, McCarl et al. (2018 identified numerous key challenges in the assessment of the
Nexus. Somef these important challenges are:

Establishing the scope of the Nexus issue.
The appropriate setdon, development and integration of diverse component models.
Developing models that are useful gmdvide meaningful insight

Characterising uncertaingi¢eg. in future scenarios)

= =4 =4 4 =N

Representig new technological and resource developmaliérnatives that have not

previously been adopted in the region

Nexusassessmentsan be conductedat variousscalesandit is importantto identify the scaleat
which a Nexusproblemshouldbe addressedr heidentificationof the scalehasa majorimpacton the
mannerin which a modelis created,identification of the stakeholdersand a determinationof the
requireddata(Daheretal., 2017).Nexusstudiesareableto cover scaledrom the householdevel (eg.
Hussen et al., 2017) to the country scale (eg. Daher and Mohtar, 2015 Li et al., 2016 to the
transboundargcale(eg.Jalilov etal., 2015;Al-Saidietal., 2017).

3.2. WEF Nexus Governance

Nexusgovernance tals have beemecognsedasvital to the Nexus approach and play a central role
for policy makers who are responsible fiexus implementationDespite this,mast scientific
literature on WEFNexus securitiesfocus on the physicainterlinkagesbetween thesectors and
technical governance aspecl$ie roles of institutional and political Nexus governahaee received

less attention
From the current scientific discussion Maxus governangéhreekey 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 affectedBlumstein et al] 2017) Having institutional cooperation isonsideredas vital in the
implemenation of the Nexus concept into policies and practidee literatureclearly acknowledge
that Nexus governance requires coordination and integrdbiath across levels of government
(vertical) as well as across sectors (horizontaBtitutional coordiaion mechanismbetween sectors
and governance levelsre needed so thaéhe Nexus approacls transferrednto decison making
processes (Bizikovat @l., 2013; Conwayet al,, 2015; Rasul, 2016/Nhite et al, 2017). Scott (2017)
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concluda that the effetiveness of Nexus implementation is determined by institutional relationships

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

For example in Kenyaa lack of vertical cooperation andisputesover the functions of national
andcouwnty level institutions has resulted in conflicting plans and duplication of efforts. The national
water needs take priority over community water negdsthishas caused water scarcity and affected
agricultural productiorat thecounty level (Scott, 207). A contrary example takes place@ermany,
wherein the Hessian ed strong cooperation betwe#me water and agricultural sectonas resulted
in a successful reduion of water pollution caused by nitrate use in the agricultural sector
(Infrastruktu & Umwelt: Professor Bohm 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, 207).

(2) Institutional barriers to implementing the Nexusapproach

Although the needfor cooperationis recognged, there are severalbarriersto the adoptionof a
WEF Nexusapproachin decisionmaking dueto the complexityof interrelationshipbetweersectors
and governancdevels. Conway et al. (2015) identifies historically entrenchedvertically structured
government departmentsand sectorbased policies as central barriers to Nexus governance.
Furthermorea lack of communicatiorbetweerthe sectorsdivergentsectorainstitutionalframeworks
andinterestsaswell asunequaldistributionof powerand capability betweensectorsareidentified as
barriersin numerousstudies(Bizikova et al., 2013; Conwayet al., 2015; Rasul,2016; Howarthand
Monasterad, 2016;Scott,2017).

(3) Overcominginstitutional barriers and promoting crosssectoralcooperation

To strengthen the coordination between sectors the adapation of existing governance
arrangementsatherthat creaton of new or ideal arrangementss often discussedScott,2017; Weitz
et al., 2017). Numerousstudiesrecommendusing existing proceduresand legislativesin order to
identify institutionalmechanismgor Nexusimplementationwhich would be adaptedo the regional
institutionsandbureaucades (Al-Saidietal., 2017 Embid & Martin, 2017;Weitzetal., 2017).

Blumstein et al. (2017) analy®d legislative proceduresfor the coordinationof crosssectoral
interestsin Germanyand showedthat a numberof existing mechanismst different leves suchus
inter-ministerialtaskforcesandcommitteesyoundtablediscussion®r the Joint Rulesof Proceduref
the Federal Ministries are adequatemechanismsto addressNexus related issues. Scott (2017)

suggestedhreefields of actionwhich canbe addressedo improvethe Nexuscoordination:
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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 fon ddigng

and implementatian

(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 needfor stakeholdeinvolvemert in decisionmaking processess identified asa key element
to determinewhat is politically acceptablefeasibleand wherethereis spaceto improve policies
(Hoff, 2011, Bizikova et al., 2013; Howarth and Monasterolo2016 White et al., 2017).FAO (2014)
designedpractical tools for effective Multi-StakeholderProcesse{MSPs) such as: Stakeholder
Mapping,MSP FacilitationGuidelinesandSocraticQuestionsFurthermoremany studiesrecommend
that communicationbetweensectorsand governmentlevels could be improved by the creation of
dialogueplatformsor otherinteragencycommunicatiormechanismgHoff, 2011; Weitz et al., 2014;
Rasul,2016 Weitzetal., 2017; Scott,2017).

3.3. WEF Nexus Outlook and Research Gaps

Despite theWEF Nexus concepbeing well received in academic, business and policy sediors
has not been widelynplemented on the groun@ne ofthe major discussionsurrently taking place
is how to shift the concept from theory into practitee complexity of the concept, esgallgi where
complicated interactionexist between the three sectomlds many challenges inembeddingthe

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. Som@/EF Nexus methodologieslare emphasis on water as a potential entry
point for theNexus (Bizikova et al.2014 de Strasser et aR016) especially when the focus of the
Nexus application istathe river basinscale The waterfood Nexus is typically tadied 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.g2016) ah
lack of a versatéd metodology 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 cag&ndo et al., 2017). Improving te exsting methods and

formulating new ones is of high priority to advance the adoptidthe 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 Nexuscaidrs are highly influenced by data availability

(Yang et al.2017). Publiedomain data, derived from remote sensing, gratationsor models offer

valuabledata witha spatialcoverage that is helpful for many WEF Nexus assessm&disncement

in sensortechnologiesand remote sensing technigues/e allowednany of the interlinkages between

the WEF sectordo be quantified. For example, water use efficiengtlye agricultural production

relative to the quantity of water yseanbe calculated usingatelite data(eg. Khalifa et al, 2018.

The ability to ntegraeé data thatare availableat different spatial and temporal scaleslso of high

importance(Li et al, 2016).

The lack of comprehensive analytical tools is another highlighted co(ldefarane et a).2018)

The WEF Nexuscan ke very complicated andundertaking a manual analysis of data can be an

unrealistic task. Developing integrated software and online platfigsrhelpful in addressing the

potential synergies and tradés in the WEF NexugLiu et al, 2017) Reducing he uncertairigs in

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

interactions can be quantifiéd a reliable manngiMcCarl et al, 2017a)

According to Chang et al. (2016)quantifi 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

sustai nabl

Figure 8 provides a visual representation of th8uences of themethodolog supportsof the key

challenges thatshape our understanding of the Nexu3hese methodology supports and key

challengegrovide us with opportuties to improve our knowledge of this topic.

Global consensus

* WEF systems are inherent correlated
* Quantifyingand managingthe WEF systems
in the holistic manner

OPPORTUNITIES

Comprehensive sustainability scope definition

Expanding concept perception

* Existing literatures' estimation on WEF
interactions.

* Private and publicdatabases such as
Ecoinventand NREL's (National Renewable
Energy Laboratory) U.S. life cycle inventory
database

* Integrate WEF systems with their correlated

| dimensions such asland, climate, and ecosystems to
| enable more complete system configuration

* WEF systems' affecting factors identification should

| go beyond technosphere and be placed in societal and
| economic context

Existing study results harmonization

* WEF systems evolves to embrace more dimensions,
such as land, climate, and ecosystem

Limited affecting factors identification

| * The affecting factors identification of WEF systems
| mainly focues on technologies, and lacks societal and
| economic considerations

* Adjust existing WEF nexus estimates to a consistent
set of methods and assumptions to enhance results'
comparability

Inconsistent system boundary

Method and model

Database establishment
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* Various footprint accounting methods, such
as NFA, GFN, LCA, MFA, and EEIOA

Tool

 Establish national-, regional-, urban-level WEF nexus
database

* Establish technology-specific footprints database with
the consideration of technology evolution

Integrated and flexible analytical
framework development

* Subjective system boundaries for footprint

;cal:ulahon,wh::h makes results of different studies
| lack comparability

* The age, precision and variability, geographic
coverage, technological-specificity, consistency and
reproducibility of data are determinants of robust
WEF footprint calculation

Segmented marco- and micro-level studies

L

* LCA tools such as GaBi and SimaPro.
* Single-, and multi-sectoral assessment tools
such as LEAP, WEAP, and CLEW

¢ Synthesize bottom-up and top-down approachesto

| present complete, specific, and precise WEF nexus

calculation
* Develop flexible quantification framework with

| spatial- and temporal-specific constraints

_:- National-and sectoral-level calculations usually lack
jpvodua- or technology-specific consideration, which
| reduces policy-making flexibility, while the inter-

| sectoral cutoff in product- and technology-level

| calculations might introduce one-sidedness to
;de:nsmn makers

Figure8: Methodological supports, challenges, and opportunities associated with a robust WEF Nexus

quantification(Chang et aJ.2016)
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The impacts of limate change on the WEF Nés is anothercritical topic, given he strong
importance of resources availability on the WEF Nexus interconnectipmsstionssuch ashow
change in climate affects the WEF Nexus, and how the WEF Nexus responds to the impacts of climate
change is a richreafor discussion and nestb be answered. Projectionkalimate change show that
the negativeimpacts on some regions (etge MENA regior) aremore pronouncethan the global
average (ESCWA, 2016).

Theinstitutions involved in the governance oétexus havereceivedrelatively little attention in
literature. Suggested mechanisms and paliticstrumentsfor an improved Nexus governaneee
oftenlimited to generalstatements and recommendations such as the negérigtherthe horizontal
and \ertical cooperation orthe creation of intersectoral communication mechanisnis. the

governance of the WEF Nexus, some questions particutddyant for policy makerare

1 Whoshouldbethefi A g effCth a nandtaketheinitiative to implementWEF Nexus?

T Which institutions, governancelevels and policies are adequatefor vertical and horizontal
coordination?

9 How will communicatiorbe establishedbetweertheinvolved sectors?

9 How canalackof political will be overcomé

One of the interesting digssiors taking placeis the possible @ry 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 infrastructjeetpr@) cities; (5)

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

Figure9 summarses current state of the art in the literaturéN@exus governance
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How to manage cross-sectoral and vertical cooperation?

Who should be the “Agent of Change” and take the initiative to
implement WEF Nexus: Which institutions, governance levels
and politics are adequate for vertical and horizontal
coordination?

How to establish the communication between involved sectors?

Identified
research
gaps

Recognition: Institutional Pathways to
crucial role of (political) barriers to overcome
institutional achieving policy institutional
relationships and coherence and barriers
coordination tools implementing the

for Nexus WEF Nexus approach

implementation in decision making

Key topics in current discussion on institutional WEF Nexus
governance

Figure9: Key discussion trends on Nexus governadeatified in the conducted literature reviéawn figure)
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