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The RE4AFAGRI platform is a multi-model framework to analyse deficits, requirements, and optimal solutions for integrated land-water-
agriculture-energy-development nexus interlinkages in developing countries. Four models representing land-water-crop-food-energy requirements 
and dynamics (WaterCROP, M-LED, OnSSET and MESSAGE-Nexus) are calibrated and soft-linked through the RE4AFAGRI platform.

MESSAGEix-
Nexus



From High Level policy to developers

High level 
Policies

Business 
planners

Developers, project 
implementation



Explore capacity expansion in water infrastructure, agriculture and 
energy technologies under different narratives or scenarios 

MESSAGEix-Nexus: Objectives

Access commodity flows and prices (e.g. surface 
and groundwater, electricity, crop products)

Investment portfolios under different narratives or scenarios 

Understand the cross-sectoral implications of 
specific policies

Energy expert Agriculture expert



NEST or MESSAGEix-Nexus

NExus Solutions Tools (NEST) Infrastructure 
Planning

MESSAGEix

(Huppmann et al., 2018)

Distributed Hydrology ISIMIP

Other spatial data 

Model coupling

WaterCROP: water 
withdrawals

MLED: urban/rural energy 
demand

OnSSET: shared of energy 
access

Water
Techs

Energy
Techs

Land
Techs

Minimize 
total system 
cost

Vinca et al., 2020, GMD
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Effective precipitations
Runoff availability



Water demand

Urban* (and
industrial)

Rural*

Energy sector

Land sector

Internal
surface
water+

Seawater

Groundwater+

Surface water

Environmental flows

* exogenous
+ limints are imposed based on information from hydrolocial model

wastewater
treatment
and recycle

Return flows*

Electricity

Urban

Rural

Water distribution

Electricity
Pumping

Desalination

Water deviation

Water distribu-
tion

Water system
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Power plants

Fossil (natural
gas, coal, oil,
ccs)

Nuclear

Biomass &
co-fi ring

Solar & Wind

Hydroelectri c

Water for

cooli ng

Retun flows

Bio-f uel^ (ethanol
or solid biomass)

Electricity demand

Urban* (and
industrial)

Rural*

Water sector

Land sector

Power transmission

Transmission HV
(to other nodes)

Distribution
(internal)

Rural generation

Diesel generator

Small PV

Ethanol generator

Bio-f uel^ (ethanol
or solid biomass)

* exogenous
^ crop residues can be transported as solid biomass or converted in ethanol, technolgies not represented here

CO
2

and other emissions

Energy System
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Land system
Crops

Irrigated

Rainfed only

* exogenous.
? total available area for agriculture based on histori cal data

Irrigation systems

Flood

Srinkler

Drip

Biomass
transportation/
conversion

Energy sector

Water for

irrigation

Water for

bio-f uel

production

Electricity from
grid or local
generators

Crop residues

Crop products
demand*

by country

Land availabilit y?

CH4, other emissions,
water pollutants

Total land

constraint s

Crop product s

Irrigation

losses



Spatial: 
user-defined BCUs
e.g. Intersecting hydroBASIN lvl 4 
+ provinces

NEST spatial and temporal resolutions

Temporal: flexible
multi-year time-steps + sub-annual dimension
E.g. 10y time-steps + 12 months sub-annual

2015

2020 2025 2030

historical

Jan      Feb       Mar         Apr     May       Jun      Jul           Aug      Sept      Oct      Nov        Dec



Possible policies

• Power plants 
operation

• Cooling demand
• Hydropower
• Precipitations
• Water availability
• Crop yields
• Water requirements 

for crops

• Development pathways
• Climate impacts in Energy, hydrology and land
• Environmental policies (ecosystem preservation)
• Food export targets



Results – integrated water-energy needs 

Increased requirements to achieve full electricity 
access in 2030: 
+ 27% increase in annual investment
+ 5% increase in annual operational costs

INCREASED 
ACCESS



Results – integrated water-energy needs 

Water access gap closure by 2040 (improved):
annual investment +79%
operational costs: +70%



NEST output

Energy

• Energy use (Primary, 
Secondary, Final)

• Energy prices

• CO2 emissions 
pathways

• Capacity 
requirements 

• Energy supply 
portfolio

• A/C cooling gap

• Investment pathways

• Energy use of water 
commodities)

• Adjusted residential 
demands with 
increased access to 
electricity

Water

• Water withdrawals 
based on constraints

• Water supply outlook 
(combination of 
different sources)

• Capacity 
requirements of of 
water infrastructure 
technologies 
(wastewater, water 
distribution)

• Investment in the 
water infrastructure 
sector

• Drinking & irrigation 
water marginal prices

• Water footprint of 
energy sector

Land

• Water Withdrawals 
for Irrigation 

• Crop Yields

• Land Cover 
(different categories) 

• Agriculture 
production & 
demand 

• Fertilizer use & 
intensity 

• Land use CO2 
emissions 

Socio-economics

• Population with 
access to drinking 
water, sanitation

• Urban & rural 
municipal demands

• Population with 
access to electricity, 
clean-cooking fuels 

• Population with risk 
of hunger 



https://www.re4afagri.africa/dashboards-zambia/multi-sectoral-insights 

Dashboard outputs

https://www.re4afagri.africa/dashboards-zambia/multi-sectoral-insights


• NEST 2019 has it’s own documentation (Vinca et al., 2019, open review GMD) open 
Github repository, interactive scenario explorer

• MESSAGEix is open-source tool, accessible and well documented online 
(limitation on solvers)

• Official maintained documentation

https://docs.messageix.org/projects/models/en/latest/

NEST or MESSAGEix-Nexus

https://docs.messageix.org/projects/models/en/latest/
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MESSAGEix-Nexus

For inquiries contact:

vinca@iiasa.ac.at

Follow the next videos:

• MESSAGEix-Nexus 
Installation

• MESSAGEix-Nexus 
Applications

mailto:vinca@iiasa.ac.at
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