MESSAGHSORSUSTAINABIEOVERNANCE OF THE
WATERENERGFOODNEXUS
Insightsfrom the DAFNEproject

Sustainable lanning and management of transboundary water resourcebalengingThe
DAFNE project developed a innovative approach forparticipatory planning and
management of transboundamyater resourceshat addresesthe water-energyfood (WEF)
nexus.This approachvasappliedto the Omo-TurkanaBasin(OTB)in eastern Africaandthe
Zambezi RiveBasin(ZRB)n southern AfricaThe insights gaineduring the projectinform
different aspects of sustainable governance of the WEF nexus

Message®n the water-energyfood nexus:

V Addressing tradeoffs intransboundaryriver basings key to supporing sustainable de
velopment: The DAFNE approach supports ithentification ofrobustdevelopment path
waysaddresingtrade-offs betweenwater usegoday and plausibleut uncertain futures

V Visualizingthe WEFnexus from different perspectivesupports multi-stakeholderdia-
logue: Gaining insights by usirthe DAFNE knowledge visualization towissimulated
multi-stakeholdemegotiationsfacilitatesmutual understanding andompromise

V Cooperation asthe optimal strategy for sustainablewater allocation An economic
analysis shows that in the Omiurkana Basintransboundarycooperation in water
sharingisthe optimal strategyn terms of both economic welfare and sustainability.

V Using earth observation techniques twomplement traditional data sourceand convey
messagesModern technologiesan be used t@rovide data for research as well as to
generate visuals that serve as powerful communication tools.

V Common threads in legal and policy frameworksthe OmoTurkana and Zambezi River
Basins There isspacefor improvement in the overage of environmental issues in laws
and policiesharmongation of frameworkswithin basing and transboundary cooperation.
The Omerurkana, in particular, may benefit frothe establishment of a transboundary
policy framework oriented toward conserving ecosystems.
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ADDRESSING TRADES IN TRANSBOUNDARYHER BASINS IS KEY
TO SUPPORNGSUSTAINABLE BASIEMELOPMENT.

1 DAFNE developeda Decision Analytic
Framework (DAF) for advancing water
management strategieslt supports planning
and management activities within a rive
basin through a quantitative assessment
trade-offs betweenalternative development
pathways

1 The DAF facilitates identification of widely
accepted soluibns. Themultitude of alterna
tives that it generates providesscope for
negotiated agreementamong sectors anc
stakeholdersnvolved

1 Coordinated and efficient opration of water
infrastructureis more beneficiafor adapting
to global changehan optimal sequencing of
dam expansion.The river basin strategic
model developed in DAFNE enabl
comparative assessment of a multitude ¢
alternative development pathways in the ZF
coupling infrastructure design, timing an
operation.

1 Multi sectoral assessment of developmen
pathwaysreducessources of conflict across
the WEF nexus.The river basin strategic
model developed in DAFNE enabl
comparative assessment of hydropowe
development and agricultural expansion
the OTB and their impact on varine
ecosystem services.

Tradeoffs between water uses in a river basin pose
a challenge foa sustainable and widely accepted
design of infrastrature and their operations The
DAFNEDecision Analytic Framewoficilitatesthis
process by suppoting the generation of
developmentpathwaysthat can be evaluatednd
comparedon the basis oftheir expected impact
onthe key sectors affecte(see Figure 1)
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Figure 1. The linesshow sectoralimpacts of alternative
generated bythe DAFNBDecision Analytic FramewaorKhe
pink line is a possible compromfs&hwaygeneratinglargely
positive effects on all sectors involved.

The DAFNE case studies have shown thatRAF
framework facilitates identification of river basin
planning and managemersolutionsthat address
existing and projectedrade-offs and thus can
meetevolvingdemandsand expectdonsof a wide
range of stakeholders

In the OmaTurkanaBasing DAFNEhas explored
alternative  combinations  of  hydropower
expansion and agricultural developmem the
basin Resultsshow thatpotential tradeoffs exist
that balance economic development and
preservation of the main ecosystems serviges
includingboth recession agriculturalong the river
and ecasystems in the river delta andake
Turkana.

In the Zambezi River Basin, DAFNE hkatoesda
myriad of development pathways composed of
alternative dam expansion and operationshe
analysis show thathe impacts on the WEF nexus
generated by changing theade-off adopted in the
operation of the systemare larger than those
registered by changing the sequencing of dam
construction.



VIZUALIZING THE NEXUS FROM DIFFERENT PERSRECTIVES
SUPPORMULTISTAKEHOLDERALOGE

1 Knowledge visualizatiortools can effective
ly support dialogie and sustainable policy
making They address common challenges
multi-stakeholder negotiation processes.

1 Itis essential to engage users in thesign
of the tools. Regular exchange withsers
ensures proper understanding of their need

1 Complementary toolscan address diverse
needs5 A FFSNBy OSa Ay al
and expectationgall foran integratedset of
complimentary tools.

9 Capacity building is needed for effective
adoption of tools. Evaluationsshowed that
project stakeholders have limited experienc
with similar applications.

Gonflicting interests diverseexpectations andra-
rious levels of expertisean hamper multistake
holder negotiationprocessesA suite of conpli-
mentary knowledge visualization tooldeveloped
in DAFNE(Fehler! Verweisquelle konnte nicht
gefunden werden) has shownhow visual aids can
effectivdy facilitatedialogue. Together, he Sree
ning Tool, the Multi-PerspectiveVisualizationTool,
and the Geoportalprovide both an easyto-grasp
overview ofguantitativeresults and sectoral trade
offs and detailed information on possible
alternatives and their expected impacishich are
suitable for both technical and netechnical users

The process of developing the todlas shown that
aparticipatory design approachhich involves fre
guent exchange witlprospectiveusersis crucial.

Initial consultations with stakeholde=lowedthe

identification of their needs and promoted

understandng of the local context Intermediate

feedback rounds confirmed whether the

prototypes fulfilled their expectations and

identified areasfor improvement.This has helped
to achievea high level of usability of the tools

whichisvital for stakeholder acceptance.

Screening tool

- Shows main trade-offs
between multiple options

- Supports reducing the
number of alternatives

Multi-perspective
visualization tool

- Shows various trade-offs
between the main options

- Facilitates comparison of
sectoral perspectives

Geoportal

Provides access to
detailed results with high
space-time resolution

Figure2: The three visualization tools in DAFNE are tailor
to satisfy the needs of different user groups.

Consultations also helped to better understand
prospectiveusers and validate the approach of
developing a suite of complimentary toolEhese
consultations confirmed that stakeholdershave
different types and levels ofexpertise and
expectations regardinghe level of detail of the
results Therefore, asuite of closely linked tools
tailored for different purposes and user groufits
the intended purpose well

The interactions wh stakeholders have shown
that they find the tools useful for the negotiation
process and are enthusiastic about the possibility
of applying them in a reatlife setting. They com
mented positively on:

- the possibility to easilgxplore tradeoffs

- thebasisfor evidencebased decision making

- the possibility taconsiderthe perspectives of
various sectors

- thepotential forconflict-prevention.

However evaluationshowedalimited confidence
in using suchapplications which highlighs the
need forcapacity buding.



COOPERATION AS HAIBEUNDATIORORSUSTAINABLE WATER
ALLOCATION

1 The gametheoretical model developed in
DAFNE analyses the economic aspects
transboundarywater allocation. It considers
the dynamics betweercountries located in
the upstream and downstream regisn

1 Cooperation is the optimalmechanism for
water allocdion in the OmoTurkana Basin.
Linking vater management strategiedo
trade would benefit Ethiopia and Kenya
both economic and environmental terms.

1 Transboundary water sharing agreement
can help the OTB countries to realize thes
benefits. They can pha an important role in
facilitating the cooperation and trade.

1 Accounting for externalities is cruciakailing
to consider the external effects of wate
consumption in the OTBave an impact on
the hydrological schemef Lake Turkana.

Unequal access to water resources has strong
implications for economic development. A country
located upstreamon a river typically has more
control over the resource and the benefits that
come with it than a country located downsam.
DAFNE used a ganrteeoretical frameworkto
explore optimal water sharing strategies in
transboundary river basingith this dynamic

The analysisof the OmeTurkana Basins (OTB)
highlights economic and environmental benefits of
transboundary cooperation in water resources
allocation facilitated by international tradeThe
modelcomparestwo scenarios:

1. No cooperation There is no agreement be
tween the countrieson water sharingor trade.

2. Cooperation Countries adopt a water sharing
strategy facilitated by trade in food and
hydropower

A,

Themodelindicatesthat in the OTBcooperaton
on water allocationwould be beneficialto both
Ethiopia and Kenyaalsoin the light of possible
extremeeffectsof climate change

Qooperationthrough trade wouldead to a higher
ecanomic benefit for each country than the nen
cooperative scenario andiould bemore sustaina
ble with respect tduture water availabity in Lake
Turkana.This result highlights the opportunity for
trade: it would allow thetwo countriesto benefit
from their comparative advantagesnake better
use of water resourcgand limit the destruction of
ecosystemsin effect avoidingnegativeecanomic
and social impactsAn international water sharing
agreement couldelp to realize these benefits by
facilitating the openingup of the ecanomies and
enhancingcollaboration between the.

The modeling exercise alsdighlighed how im
portant it is thatthe OTBcountries consider the
external effects of teir water use In the non
cooperative case,the model compares two
strategies that each country can adopt:

1. Myopic. The county uses water resources
extensively, withoutonsidemgthe impactson
water balance and its individual benefit.

2. Non-myopic. The country conserves water thus
considering the benefits of doing so

The choice ofstrategy by the OTB countriebas
strong environmental implicationgn the long run,
Kenya would benefitin economic terms from
adopting the forwardooking, nomrmyopic
strategy. While for Ethiopiaa moderate use of
waterwould translate into slightljower economic
benefits,it would reducethe negative externalities
in form ofdecreasing water levels in Lake Turkana



USINGEARTH OBSERVATION TECHNIQUEDMEMENT
TRADITIONAL DATA SOURAMIS CONVEY MESSAGES

1 Earth observation (EO) techniques cdre
used to complement ground-based data.
Remote sensinghrough saellites or Un
manned Aerial Vehicles (UA\g&nerate data
at a variety ofscales and resolutions.

1 EOproducts help to convey messagekligh
quality EQimages can effectively illustrate
the complex connections and cfiets in the
landscape and engage a broad public.

1 EOtechnologies are not free of chaltees.
Their use can be restricted by technical isst
or formal obstacles.

Sufficiently &curate data is central for reliable
modelling and iformed decision makingThe
DAFNE project has denonstrated how cutting-
edge monitoring techiques can be deployed to
complement existing data andyain a better
understanding of riverine ecosystems

Satellitebased emote sensinggenerates visual

datawith resolutionsthat canrangfrom meters to

kilometres They can be used tacreate highy

accurde maps and decadelong monitoring of

geghysical processs and land uses The

technology was used tensively in the DAFNE
project. For example, ifacilitated the estimation

and validation of models of the hydrological

regime ofLake Turkanan Kenya

Converselynmanned Aerial Vehicles (UAVesr
droneg can be usedo provide more targeted,
local data at very high resolutisnAmongother
things they allowthe monitoring of ecosystens or
agricultural productivityFor exampleDAFNE used
drone images taletermine water needs in sugar
cane plantations and tmonitor water hyacinths in
the Zambezi River Basmorderto analy® the role
of environmental flows in controling the
expansion ofnvasive specied-{gure3).

Figure3: Droneimagescan be used to monitor the spread of
invasive specigbat clog river§image by ATEGD).

Visual EO products such as higlguality photos
and videos carillustrate spatial information and
complex interactions in ecosystemslso for
purposes beyondesearch DAFNE suggests that
spatial visualscan help develop a joint vision for
the landscapein participatory processes, inform
decision makers locatefurther away fromthe
places that their policies affect, ortrigger
reflections about humannature interactions
amonga broader public.

Figure4: Kafue gorge dam in Zambia with floating vegetation
trapped at the spillway (picture by ATED).



Addressingtechnical and legathallengescould
facilitate broader adoptionof EOfor research
Incorporating earth observation data into
modelling procedures can be extremely
convenient. However, it is important to remember
that EO data products are the tputs of models
themselves.Therefore traditional data remains
crucial for calibration, validation and explaining
potential disparities.

The strong limitations for the use &fAV@ come
with the limited spatial reach depending on the
battery, the large amounts of data that need to be
processed and the vulnerability to bad weather
conditions including rain, wind and strong sun

In addition, legal obstacles can limit the applica
bility of some technologies Laws governing
operation of UAVs differ between countries, often
involve extensive paperwork, and sometimes
prohibit it altogether. Streamlining procedures
could facilitatea broader useof UAVdor research.

Figure6: Part of the Kafue flats wetland in Zambia. The bright green fringe alonghitve is composed of two exotic floating
plant species, water hyacinth and Amazon frogbit (picture by STBC

@ DAFNE

Figure5: Satellite image of the Kafue gorgeith floating
vegetation(PlanetScope Scenen8resolution,
www.planet.com)
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COMMON THREADS IN LEGAD RRLICY FRAMEWGRK THE
OMO-TURKANA AND ZAMBEZI RIVER BASINS

 Suitable institutional frameworks are vital
for sustainable transboundary governanc
of natural resourcesDAFNE assessed curre
frameworksthat apply to the key environ
mental issues$n the Omo-Turkana(OTB)and
ZambezRiverBasindZRB)

1 While existing institutional foundations in
the two basins are encouraging,there is
scope for improvement The coverage of
environmental issues in legal and poli
frameworks, harmorsation of frameworks
across countries within the basins and tran
boundary cooperation need strengthening.

Strong institutional frameworkgoverning natural
resources are instrumental for avoiding the
tragedy of the commonthat leads to environmen
tal degradation.This regards several dimensions
adequate overage of environmental issueslaws
and policies, also those related to nenviron
mental sectorsalignment of policies of different
countries within a basin and transboundary
cooperation DAFNEssesed these aspects in the
OmoTurkana (OTB) and Zambezi River (ZRB)
basins

In both OTB and ZRBte extent to which
environmental issueare addresseth policies and
legislationvaries across countriesVhilegenerally
good foundations are in placéemprovement in
terms of depth and specificitis possible Within
the OTB, for example, no country has a legal or
policy framework in placethat addresses
biodiversity. In the ZRB, altbgh environmental
issues are largely addressed at least to some
extent, coverage of biodiversity and wetlands
remains fragmented.

Legal documents specific to the water, energy, and
food sectors iIMOTB and ZR&Idress environmen
tal concerns to some extentbut they could

v,

internalize the environmental impactsof the
sectorsbetter. In OTB, more holistic incorporation
of environmental issues in water and energy
policies is needed. In ZRB, while environmental
provisions in sectoralocumentsare present, they
tend to be quite general.

In the river basins analysed policy and legal
frameworks areharmonizedamongcountries to
some extent. However, in both OTB and Z&tihe
misalignmens among countriegersist. In both
river basinstheseare foundin the following areas:

- Types of fishing gear allowed

- Categorsations of forests

- Degree of protection of wetlands

- Level of policy coveragm biodiversity
- Protected species

In both OTB and ZRBoasinwide cooperation
structurespossess scope for further improvement
and empowerment In the OTB, basiwide
frameworksc which have the potential to address
environmentalchallenges; remain undevedped.

In the ZRB, on the other hand, the tradition of
basinwide cooperation is more established and
formalized, for example through the 2004
ZAMCOM agreement. However, specific binding
regulations concerning the environmento
empower such river basins organisationsith
regulatory authorityare lacking

WEF Nexus projects have proliferated in number
since DAFNE has been impkmed, and it is
expected that thenew crops of relategbrojects¢
both in and beyond the two basins of focgwwill
absorb andare likely to build onapproaches
conceptualized in DAFNE.



The DAFNE project advocates an integrated and adaptive water resources planning and management
approach that explicitly addresses the watmergyfood (WEF) nexus from a novel participatory and
multidisciplinary perspectivéhat includessocial, economic, and ecologic dimensidnstwo crossboundary

case studies, the ZambeRiver Basirand the Ono-TurkanaBasinsthe WEF nexus has been quantified and
analysed as the tradeffs between conflicting objectives such as hydropower productiersusirrigation or

land exploitationversusconservation DAFNEjenerates and exploresternative planning ad management
solutions based on the cooperation of public and private stakeholders, which $asterprofitable but
equitable use of resources without transgressing environmental limits or creating societal conflicts.

The DAFNE project has been fundedh®/Horizon 2020 programme of the European Union and coordinated
by ETH Zurich. For a full list of all partners involved, pleaséitjsitdafne -project.eu/consortium/
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