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› Progress on SDGs so-far: Very limited!

› Literature: Urgent need for better, quantitative 
understanding of... .

› the required effort to achieve SDGs
– Different options; Assess synergies and trade-offs; policy coherence

› the congruence between different sustainability 
themes
– Comprehensive view on the connections and causal links

Sustainable 
development



Scenario analysis

Transformative action
And policy

Short-term 
consequences

Source: Van Vuuren et al., 2015. Technological Change & Social Forecasting; 98, pp 303-323. 
Van Vuuren et al. 2007. PNAS. vol. 105 no. 40. 15258–15262

Sustainable development goals

Possible pathways

Expected 
trend
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History

Time2018 2030/2050Unsustainable

Very 
successful for 
climate
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Human development and equity

Protecting natural environment

Good 
governance & 
infrastructure

Efficient and sustainable resource use

Typical IAM model
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Van Soest et al.

SDG interactions 
and IAM coverage

IAMs could coverage several 
interactions, but at the 
moment still more limited

Other tools also needed



13

Sustainable development pathways 
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Sustainable development pathways 
(SDPs)

SDPs reach sustainability goals

Explore different routes
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Roads from Rio+20 Roads from
Rio• Support for the Rio+20 conference

• How to achieve SD?

› Eradicating poverty: 

 Full access in 2050
 modern energy, 
 food
 water
 Improve health 

 Conserve Earth's ecosystem.
 Climate change 2oC
 Reduce air pollution to WHO guideline 

levels
 Stop degradation of ecosystems
 Reduce nitrogen unbalance
 Reduce water stress

Example:



Roads from Rio+20

Pathway Main assumptions
Global 
Technology

Large-scale, technologically
optimal solutions; intesive
agriculture, international
coordination

Decentralised
Solutions

Local energy production, multi-
functional agriculture, local
policies

Consumption
change

Dietary change, less energy-
intensive lifestyle, further
pressure released through
technology



Biodiversity Climate
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Literature on SDPs

140 SDG scenario papers  in literature
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Literature on SDPs
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Exemplary studies
• Hardly any study with target achievement for 

all SDGs
• Studies use mostly different indicators or 

target values
• Also quite different methods

Some form of community development needed

Literature on SDPs
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Recent activities

IPCC-AR6

SHAPE

SDG-MIP
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IPCC AR6
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NAVIGATE
Climate policy Climate impacts

RCP 2.6, 6.0

2.6 W/m2 target

• Hydrology: Precipitation pattern/runoff, 
groundwater intensity 

• Crop Yield changes  
• Renewable energy 
• Cooling/heating demand 
• Desalination potential
• Power plant cooling capacity

Based on: ISIMIP 2b (Frieler et al. 2017 ),Byers et al., 2018, 
Gernaat  et al., 2021 etc.)

SDG measures

Food Heathy (EAT-Lancet) diet, reduce food waste
Water Efficiency improvements, environmental flow         

constraints, piped water access, wastewater
treatment

Energy Maximized electrification, phase-out traditional bio, 
cooling gap

Life on land Protected natural land (>30%)

Based on: Doelman et al. 2022, MESSAGE-ACCESS, Van Vuuren et al., 2019, 
Parkinson et al., 2019, Frank et al., 2021, Hasegawa et al., 2015, Pastor et al., 2019



`

Projecting infrastructure demand under clean water 
goals

Baum et al. (2013)
Country-level 
database % of 
population with 
sewerage connection 
and treatment

% connected / treated is a function of 
income-level and historical level

F(.…)

Source: IIASA



Country Water-stressed region

Projecting infrastructure demand under clean water 
goals

(difference between baseline and SDG6 scenario)

Water-stressed regions need to find alternative sources 
of freshwater supply to meet increasing demands!Source: IIASA



Observations
› Baseline relatively close in all models

› SDG/Mitigation shows much lower energy demand, and SDG below Mitigation. 

› Use of renewables also (generally) highest in SDG
– One IMAGE scenario adopts high fossil-CCS

28
Vassilis Daioglou

SDG-MIP



29



30

Climate solutions will 
only work if perceived 
fair

› Development perceived 
more urgent… so joint 
agenda needed.

Sharing 
equally, 
now? Don’t 
think so

But you are 
not the 
slimmest 
yourselves
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2. Circular economy

Pollution
Resource depletion 
Energy use

Develop
-ment



Material flow models

Macro-economic models

Integrated assessment models
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Energy 
production

Electricity

Buildings

Industry

Transport Agriculture/
Land use

Other

Living smaller
Less use of 
appliances

Using less 
materials

Transport 
differently

Diet change
Less food 
waste

Green-
house 
gas 
emissions
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Material consequences of the 
energy transition



Material consequences of the 
energy transition
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3. Biodiversity

Develop
-ment
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Biodiversity 
change

Nitrogen deposition

Climate change

Fragmentation

Pollution

Overexploitation/hunting

Disturbance

Land use 
change

Economic activity

Population

Food system

Energy system

Infrastructure

Goods

Shifting to biodiversity

More food

CDR
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Bending the curve 
(biodiversity)

How could strategies to achieve ambitious climate goals look like?

• Eight biodiversity models

Drivers of 
biodiversity loss

Biodiversity 
change

• Four integrated assessment 
models (IMAGE, AIM, 
GLOBIOM,MagPIE), describing 
future land use
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Bending the curve 
(biodiversity)

Measures
Supply side • Sustainable 

yield increase
• Open trade

• SSP2  SSP1

Demand side • Reduced food 
waste

• Diet shift

• 50% shift 
from animal 
 plant (*)

• 50% red 
waste

Conservation • Protected 
areas

• Restoration

• Conservation 
priority areas
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Bending the curve 
(biodiversity)

Through further sustainable intensification and trade, reduced
food waste and more plant-based human diets, more than two 
thirds of future biodiversity losses are avoided and the 
biodiversity trends from habitat conversion are reversed by 2050 
for almost all of the models.
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No stringent policy
Stringent climate policy
Stringent biodiversity policy

Both

Climate change & loss of biodiversity in IMAGE scenarios

Ambrosio et al, forthcoming
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Integrated analysis

› More integrated scenarios 
looking at multiple issues

› Some trade-offs, lots of 
synergy

8/14/2023
51

Biodiversity

SDG!!   
Climate
change
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