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SUSTAINABLE DEVELOPMENT GOALS

Modelling tools for sustainable development
3

Support policies 

for sustainable 

development

Economy-wide modelling

• Computable general equilibrium representation

• Assesses the impact of policies, 
perturbations and shocks 

• Explores impact on key economic indicators

Micro-simulation

• Built on household survey data

• Variety of methodologies

Geo-spatial electrification

Climate, Land, Energy and Water Systems

• Integrated assessment of resource systems

• Simultaneously explores matters pertaining to 
food, energy and water security

• Addresses trade-offs and synergies among 
policy goals 

• Cost effective strategies for 
electrification

• Comparison of technology 
options for electrification 

• GIS based analysis

• Grid vs non-grid electrification

• Seeks to promote policy cohesion
• Studies impacts of policies, perturbations 

and shocks at the household level  

• Social inclusion, distributional impacts, 
targeted impacts



SUSTAINABLE DEVELOPMENT GOALS

➢Agriculture and energy sectors account for 90% of freshwater 

withdrawals

➢Supply and treatment of water consumes approximately 4% of 

electricity, up to 10% in Middle East and India

➢Crop production consumes 4–5% of final energy

➢Bioenergy production uses an increasing share of cropland

(15% of global maize and oil seed output now used for biofuels)

➢Energy, agriculture and land-use change contribute more than 90% 

of GHG emissions

Climate, Land, Energy and Water systems are highly linked



SUSTAINABLE DEVELOPMENT GOALS

Need for policy coherence

(1) systematically identifying relevant linkages across the 

policy domains and consider those linkages in design of policies;

(2) consistency across scales (from local to national) of 

implementation and domains;

(3) involvement of relevant stakeholders in design, implementation,

monitoring and evaluation; 

(4) provision adequate resources for implementation at all 

levels and at all scales 

However, policy formulation and assessments are quite often done in 
isolation by separate and disconnected institutional entities. 

Policy coherence involves: 



SUSTAINABLE DEVELOPMENT GOALS

Climate, Land, Energy and Water Systems (CLEWS)

Water system
. 

Land and 
agriculture 

system

• Energy for water processing and treatment, 

• Energy for water pumping

• Energy for desalination

Energy system

• Water-land 

interactions in the 

hydrological cycle, 

• Water needs for 

food, feed, fuel and 

fibre crops (rain-fed 

and irrigated), 

water-

• Biomass for biofuel production 

and other energy uses, 

• Energy required for field 

preparation and harvest 

• Energy for production of fertilizer, 

pesticides and other agricultural 

inputs

C
li
m

a
te

GHG 

emissions

Precipitation, 

temperature

• Water for hydropower 

• Water for power plant cooling

• Water for (bio-) fuel processing



Interactions between systems: 
bringing it all together 

(mapping the reference system – starting point for CLEWS modelling)
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SUSTAINABLE DEVELOPMENT GOALS

Time horizon typically one or more decades

– Intended for longer term assessments and studies

Bottom-up analysis

– Representation of physical systems

– Full value chain (e.g. “well to wheel” or “field to fork”)

– Identify cost-effective strategies subject to constraints

Scenario based analysis

– Explores alternatives, risks and uncertainties through 
scenarios and sensitivity analysis

– Assesses the role of technology, technology choice 
and technology change

– Tests policies and measures

Flexible

– User chooses system boundaries

– User chooses level of detail

– User chooses geographical coverage

The CLEWs framework in UN capacity development projects



SUSTAINABLE DEVELOPMENT GOALS

The aim is not to:

– Forecast or predict

– Be prescriptive

But rather to provide stakeholders with 
policy relevant:

– Insights into key inter-linkages and 
dynamics of the energy-food-water nexus

– Robust findings to support cohesion in 
policies and measures

– Knowledge of risks and opportunities

The CLEWs framework in UN capacity development projects
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2013

https://www.nature.com/articles/nclimate1789.epdf

https://www.nature.com/articles/nclimate1789.epdf


Country cases with CLEWS: 
Nicaragua
(UNDESA)



Nicaragua: deforestation and rainfall change

1983 2000 2010 20152005

Rainfall pattern change



Nicaragua: main challenges

• How will plans for livestock/ agriculture growth and 

reforestation reconcile?

• How would hydroelectric plant investment be made?

• Increasing demand for water  - agriculture, energy, 

residential water while rainfall is declining.



Reforestation scenario-reference



Reforestation scenario-medium growth with 
no allocation of land



Reforestation scenario-high growth



Reforestation scenario-medium growth (with 
land management)



Nicaragua: Link of CLEWS and CGE models
Scenarios for investment into hydropower plant

HH consumption 2018-
2030 (NPV C$ 108)

GHG emissions 

decrease 2018-2030  
Poverty Level in 

2030  
Percent variation of GDP



City cases with CLEWS: 
Oscarshamn, Sweden



Oskarshamn, Sweden:
Goal to become fossil-free by 2030

27-09-19 28Summer School on Modelling Tools for Sustainable 
Development 4-29 June 2018, ICTP, Trieste
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Some results:

Energy and costs 
only – do not show 
much difference in 
alternative 
scenarios. Land, 
water analysis 
shows big 
differences
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Multi-country cases with CLEWS: 
Saga river, Europe
(UNECE)



Sava River Basin – Transboundary CLEWs

Source: UNECE, 2011. Second Assessment of Transboundary Rivers, Lakes and Groundwater.

Aim: to assess water, energy and agriculture at 
a sub-regional level in a transboundary river 
basin context.

Main issues:

- Dependency between the basin water 
resources and the energy sector;

- Hydropower expansion vs climate change 
and competing irrigation demand;

- Electricity trade and water consumption in 
agriculture and for cooling systems;

- Relation between CO2 emissions and water 
resources use in electricity generation.

Summer School on Modelling Tools for Sustainable 
Development 4-29 June 2018, ICTP, Trieste
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EXPANSION OF
IRRIGATION

PLANNED
INCREASED 

WATER SCARCITY
PREDICTED

NAVIGABILITY
NEEDS TO BE

ENSURED
WETLANDS 

SERVE
FLOOD

PROTECTION

FLOW REGULATION 
TO  ACCOUNT NOT 
ONLY HYDRO BUT 
ALSO COOLING
THERMAL & 
NUCLEAR POWER

SMALL AND MEDIUM
HYDROPOWER DEVELOPMENT
ON THE TRIBUTARIES

Sava River Basin - Balancing different water uses 
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CLEWS projects around the world
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CLEWs studies to date: 
through research or capacity building

MAURITIUS

Capacity 

develop

ment on 

CLEWS 

building



Asia’s role in energy consumption
World primary energy consumption, 2014

Source: calculated based on https://eneken.ieej.or.jp/data/7199.pdf

https://eneken.ieej.or.jp/data/7199.pdf


Takeaways:
Making BRI investments greener, cleaner, more sustainable:

• Containing increase in GHG emissions

• Considering implications on land use and water (environmental, social 
impacts)

• Protecting our investments in the long-term (environmentally, also 
economically)

• Translating to the language that financiers and policy makers 
understand (costs, benefits)

• Translating to policy measures that policy makers can take

• Informing integrated planning and policy making
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A final note:
Large infrastructure investments are similar to large 
NR investments

• Some lessons 
learned from the 
extractive industry:

• Orienting legal 
frameworks

• Protecting people 
and the 
environment

• Realizing and 
enhancing the 
benefits from 
investments

• https://www.undp.org/content/undp/en/home/li
brarypage/poverty-reduction/Managing-Mining-
for-SD.html

https://www.undp.org/content/undp/en/home/librarypage/poverty-reduction/Managing-Mining-for-SD.html

