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ñIntegrated Solutions for Water, Energy, and Landò (ISWEL) Project 

2017 -2019

Partners:

Develop tools and capacities that can support 
the management of the water -energy-land 

nexus at global and regional scales

GEF Contract Agreement: 6993 



Context

ÅUp to 2 billion more people by 2050

ÅNeed to produce 70 percent more food

ÅFor access to energy to be universal energy generation needs to double

ÅWith increasing energy and food needs water demands are expected to rise 
by 55 percent

ÅUp to 40 percent of the world's population will live in severe water stressed 
regions

ÅThe development of this very uneven in different geographies and different 
development trajectories

ÅThis all set in context of increasing variability from CC



Population and Development continues

Middle of the Road 

scenario

Population in [billion]
GDP [1000 billion US$/yr]

GDP per cap (PPP) in [1000US$/cap/yr

Africa

Pop: 1.0 to 2.0 2 times more

GDP: 2.8 to 19.2 7 times more

GDP pc: 2.7 to 9.5 3.5 times more

Asia

Pop: 4.1 to 5.1 1.3 times more

GDP: 26 to 123 5 times more

GDP pc: 6.2 to 24.1 4 times more 4



ON
- Preparing land
- Growing crops
- Raising livestock
- Harvesting produce
- Drying, processing
- Storing food products
- Transport, distribution
- Preparing food

Food/Land Use
System

EnergySystem

- Extracting resources
- Harnessing hydro, wind, 

solar, biomass energy
- Generating and 

transmitting electricity
- Production, refinement 

and distribution of 
transport fuels

- Storing, buffering

Water System

- Manage renewable surface-
and groundwater resources

- Distribute water supply for 
human consumption

- Collect sewage
- Treat wastewater to protect 

human and ecological health
- Transfer between basins
- Desalination

Hydropower, power plant 

cooling, extraction, (bio)fuels

Water pumping, delivery, water 

treatment, energy for desalination

NEXUS
THINKING

ENERGY 
FOOD 
WATER



Nexus model Integration towards SDGs
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Improved analysis feedbacks

Land use/cover
Crop area/type
Irrigation area

LAI
Shadowpriceof water ?)

GLOBIOM
Env.

MESSAGE

Energy

Technical 
innovation
Electricity 
production

Energy
futures/options Available water

river discharge
Variability/Risk

Supply costs
impacts

Available water
river discharge

groundwater
risk/variability
soil moisture

impacts of use

Community 
Water 
Model



Multiple scenarios: Developing narratives 

of the future



Q4 Q2 Q3 Q4

2016 2017

Abbreviations: 
RM:Stakeholder regional meeting 

CB:Capacity Building
PSC M: PSC meeting

Q1 Q2 Q3 Q4Q1

2018 2019

Q1        Q2         Q3            Q4 

Stakeholder Engagement & 

Capacity Building  

Zambezi 

1RM

ISWEL Timeline

Project Management, Monitoring 

& Evaluation

Global Hotspot Assessment

Methods & Tools

Outreach & 

Dissemination 

20 Scientific 

Conferences

Zambezi 

2RM &CB

Indus 

3RM & CB

Regional Case Studies

5 HLP

6 peer 

review 

papers 

Indus

1RM Indus 

2RM & CB

Zambezi 

3RM & CB

Development 

System 

Analysis Tool 

Exploring 

Nexus 

Solutions

Engagement, 
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Building & 

Dissemination

Project 

Management
1 PSC 

call

2 PSC 

Call

2 

PSC M

1 

PSC M

3 

PSC M

Co-design of Scenarios and Development Pathways Co-design of Scenarios and Development 

Pathways 

Month 30

1 YSSP 

2018

Fast-track 

assessment 

2 Basin 

nexus tools 

Global 

Solutions 

for SD6

PR 1
PR 2

PR 3
FR

1 YSSP & 2 

VR  2019

Identification 

Nexus issues

20 Scientific 

Conferences
8 HLP

1

PSC 

Call

1 Policy 

Brief



Outcomes, outputs and synergies 

Basins

ÅIBKF

ÅZamcom WEF 
strategy

Å(SA, SADC, AMCOW)

Globally

ÅIPCC

ÅInt. Waters GEF

ÅWorld Bank

Knowledge base and capacity building

Research meetings/conferences 20 

Research papers 6

Training events 4



Insights and messages for 
implementation

At global level 
ÅSpatial concentration and driven by socio economic drivers

ÅReducing exposure / vulnerability = inequality / poverty

At basin level 
ÅTrade-offs between sectors and risks under diff. SSP

ÅFrameworks needed to build pathways and capacity

ÅStakeholder scenario development tool provides method to identify specific 
issues and    ownership

ÅSignificant interest other basins for tools and methods



Global hotspots assessment and 
explorer tool

UNIDO

16/04/2019



A flexible global vulnerability 
hotspots framework

Operational at different scalesA flexible framework

Answering different questions Useful to stakeholders and strengthens capacity

Understanding the underlying challenges
i. multiple development-climate 

pressures across multiple sectors
ii. Impacting vulnerable people, 

and/or large populations
iii. i + ii = vulnerability hotspots

Å Answering diverse questions
Å Sectoral assessment and comparison
Å Subset indicators and sectors

Å Low income, high vulnerability and the 
low-latitude nexus

Å Climate extremes and hydroclimate 
complexity

Å Rural and urban, drivers of migration
Å MEAs (SDGs, Sendai, Paris, etc.)

ΧŦǊƻƳ ƳǳƭǘƛǇƭŜ ǇŜǊǎǇŜŎǘƛǾŜǎ
Global

IPCC regions
River basins
Countries

Dissemination, building capacity and increasing impact
Å Development funders and knowledge institutions

Å Practitioners and stakeholders
Å CǊƻƳ ǎŎƛŜƴǘƛǎǘΧ ǘƻ ǎǘǳŘŜƴǘ



ISWEL: Global analysis of vulnerability hotspots

1.5 C2.0 C2.0-1.5 C3.0 ° C   

Å3 socioeconomic 
scenariosςSSPs 1, 2 & 3

Å3 climate change 
scenarios ς1.5, 2.0 and 

3.0° C

Need 1.5°C to 
minimize risks to all

Need targeted poverty 
reduction to reduce 
vulnerability

Byers et al. (2018, ERL)
IPCC (2018, Ch3.)



Avoided impacts of 1.5 °C*
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Byers et al. (2018, Environmental Research Letters)

But climate and development scenario uncertainties are considerableé
and vary from place to place

23 (SSP1 - Sustainability)

760 (SSP3 ïDevelopment failures)

285 (SSP2 ïMiddle of the Road)

* In the 2050s



Hotspots basin analysis

Large distributional differences across the world

Zambezi river basin

Indus river basin



Basin & country scale exposure
Which basins have most people exposed 
and vulnerable, in absolute numbers?

Ranked by E&V 2.0 ° C Ranked by ǧSSP 3-1

Which countrieswould benefit most from 
targeted poverty and vulnerability reduction 
and adaptation assistance?

Poverty & vulnerability 
reduction (SSP1 ă SSP3)



Break -out example: South Africa

Water risks already prominent (1/3 rd of population)

Higher global warming:
Å exposes most of the population to energy risks 

(cooling & heat stress)
ÅUp to 2/3 rds population exposed to water risks 



Published outputs and reach
Å Paper in Environmental Research Letters (7000+ downloads)

Å IIASA Annual Report, Options Magazine

Å IIASA press releases & social media

Å Policy Brief

IPCC Special Report on 1.5°C
Chapters 3 & 5

IPCC Special Report on Land

Å Interactive impacts of climate change at

1.5°, 2.0° and beyond

Dissemination and impact 

Conferences & events
Scientific conferences

Å Impacts World 2017

Å Integrated Assessment Modelling Consortium 2017, 2018

Å International Energy Workshop 2018

Å European Geosciences Union 2018, 2019

Å American Geophysical Union 2018 (x2 invited talks)

Å Asian Energy Modelling Workshop 2018 (invited)

Å Scenarios Forum 2019

Science-policy fora

Å COP 23

Å World Water Forum 2018

Å GEF 6th Assembly STAP

Å GEF/ World Bank seminar

Å US Department of Energy / EU JRC workshop

https://interactive.carbonbrief.org/impacts-climate-change-one-point-five-degrees-two-degrees/
https://interactive.carbonbrief.org/impacts-climate-change-one-point-five-degrees-two-degrees/


ÅState-of-the-art online data 

exploration tool

ÅEasy to use with layered complexity 

ïfrom scientist to student

ÅDynamic  with range of perspectives 

(zoom global to basin)

ÅPop-out data selection, comparison 

and export

ÅCustomizable dashboards and maps

ÅEducation and dissemination

Å Indicator, sectoral and multi -sector 

analysis

ÅGlobal, regional and basin 

comparisons

ÅSocioeconomic scenario comparison

Global hotspots explorer



Gridded Dataset for Electrification 
in sub -Saharan Africa

IAMC 1.5 °C Scenario Explorer

Two recent similar examples

https://data.ene.iiasa.ac.at/kolp
/GDESSA/gdessaDataset.html

(draft ïdo not distribute)

https://data.ene.iiasa.ac.at
/iamc -1.5c -explorer

https://data.ene.iiasa.ac.at/kolp/GDESSA/gdessaDataset.html
https://data.ene.iiasa.ac.at/kolp/GDESSA/gdessaDataset.html
https://data.ene.iiasa.ac.at/kolp/GDESSA/gdessaDataset.html
https://data.ene.iiasa.ac.at/iamc-1.5c-explorer
https://data.ene.iiasa.ac.at/iamc-1.5c-explorer
https://data.ene.iiasa.ac.at/iamc-1.5c-explorer


Global Hotspots Explorer website

Publications on:

ÅHotspots & river basins

ÅHotspots and extreme vulnerabilities

ÅClimate-development sensitivities 

and uncertainties

Questions?!

Next steps for 2019

Global exposure and vulnerability to 
multi-sector development and climate 

change hotspots

Byers E, Gidden M,LeclereD,BurekP, Ebi KL,GreveP, Grey D,Havlik
P, et al.(2018).Global exposure and vulnerability to multi-sector 

development and climate change hotspots.Environmental Research 
Letters13: e055012. DOI:10.1088/1748-9326/aabf45.

http://www.iiasa.ac.at/web/home/resourc
es/publications/IIASAPolicyBriefs/pb21 -

web.pdf

http://pure.iiasa.ac.at/id/eprint/15235/
https://doi.org/10.1088/1748-9326/aabf45
http://www.iiasa.ac.at/web/home/resources/publications/IIASAPolicyBriefs/pb21-web.pdf
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Zambezi

Indus

Basin Assessment



Outputs and outcomes

Å Two types of tools to address WELnexus development

challenges
Å Regionalbasin planning model (policy optimization IAM)

Å Policy exercise to develop stakeholder visions and pathways

Å Stakeholder informed scenarios

Å Enhanced capacities for nexus management and

research
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Stakeholder Engagement 

24

Barbara Willaarts, Project Officer & Research Scholar



Workshops & meetings 
ISWEL First 

Warming up 

meetings

2016 2017 2018 2019

Stakeholder Forum 

September 2017, 

Lusaka

India Country 

meeting

March 2018, Delhi

Pakistan Country 

meeting

March 2018, Lahore

Scenario 

Workshop & 

Capacity 

Development

Validation 

results & 

Capacity 

Development

Indus Scenario 

Workshop-IBKF 

Forum, 

May 2018,Vienna

ZAMCOM nexus 

meeting

February 2018, 

Harare

ZAMTEC 

meeting

February 2017, 

Tete

Zambezi Scenario 

Workshop-ZAMCOM

July 2018,Harare 

Stakeholder Forum 

October 2018, 

Lilongwe

Q2 Q3 Q4Q1 Q2 Q3 Q4 Q1       Q2        Q3          Q4   Q1Q4

Participation 

in basin 

meetings

Indus final 

Workshop TBD

Zambezi final 

Workshop TBDDFAT meeting

September 2018, 

Islamabad
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3 YSSP 2018



























https://vimeo.com/326570579
https://vimeo.com/326570579




http://www.iiasa.ac.at/yssp










































IIASA_present/discharge_monthavg in discharge_monthavg.mp4
IIASA_present/discharge_monthavg in discharge_monthavg.mp4



















