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• Water, energy, food, GDP tightly connected – a global system

• Increasing concern over resource exploitation and sustainability

• Greater calls for ‘nexus’ thinking  reconcile with huge growth and 

demand?
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• Qualitative description of the WEF-GDP system

– What form do relationships take?

– How can change in one sector impact others?

– How can uncertainty be accounted for?

– What are key causal influences?

– How strong are relationships?

– What are the system trends?
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• Many cross-sector studies, but usually limited in:

– Space (localised case studies)

– Sectors (e.g. one or two, not interacting)

• Few are global and comprehensive

• A classic example (nearly 50 years old!)  Limits to Growth

• One main issue: the ‘nexus’ means anything and everything (or 

nothing…) lack of cohesion/tools/focus

• WEF-GDP not coherently modelled at the global scale
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• To address some of those questions pertaining to the WEF-GDP system

• Quantitatively assess and model:

– Correlation between sectors

– Uncertainty in the data

– Causal relationships (direction, strength)

– System trajectories to 2100

AIMS



DATA AND METHODS
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Correlation analysis between WEF-GDP pairs 

Best-fit regression relations
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Best-fit distribution assessment of WEF-GDP sectors

Causal analysis between WEF-GDP pairs

using multispatial convergence cross mapping
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DATA AND METHODS



TOWARDS A QUANTIFIED WEF-GDP SYSTEM



• Creation of seven GDP growth scenarios to 2100

– Ranging from 5% yr-1 increase to 4% yr-1 decrease

• All information and conceptual model used to develop a quantitative system 

dynamics model

• Monte-Carlo sampling of the best-fit distributions. 100x model runs.

• Initialised with WEF-GDP values in 1961. GDP growth implemented from 

2020. Annual timestep

• Historical data used to validate model results

DATA AND METHODS



RESULTS – CORRELATION AND CAUSALITY
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Correlation (strength)

does not imply

causality



RESULTS – HISTORICAL VALIDATION



RESULTS – FUTURE PATHWAYS



• Steffan et al. put ‘safe planetary limit’ for water withdrawals at 4000 km3/yr. 

DISCUSSION: WATER

Model means 2017 Literature values Reference

2900-3700 km3 2600-4000 km3 Steffan et al. 2015; 
Hanasaki et al.
2013; Wada and
Bierkens, 2014.

Model means 2100 Literature values Reference

2700-6700 km3 6000-13300 Wada and Bierkens, 
2014; Hanasaki et 
al. 2013; Hejazi et 
al. 2014



• ENERGY

– 2017 model: 570000-1900000 x 109 kWh; EIA: 37100 x 109 kWh

– 2050 model: 237000-6400000 x 109 kWh; EIA: 45000 x 109 kWh

• FOOD

– 2013 model: 1450-4158 x 109 kg; FAO: 5080 x 109 kg

– 2050 model: 1680-7120 x 109 kg; FAO: 7147-7548 x 109 kg

DISCUSSION: ENERGY AND FOOD



• Correlation does not imply equal levels of causality (e.g. GDP-water; GDP-

food  similar R2, different causal results). 

• Asymmetry common in causal relations

• Historical results replicated reasonably well. 

• Future trajectories depend strongly on GDP growth  implications for 

resource exploitation

DISCUSSION



• Previously qualitative WEF-GDP ‘models’ quantified

• Correlation between sectors does not correspond to causality

• Quantitative SDM model reproduced historical values reasonably well

• Trajectories to 2100 suggest possibility of exceeding ‘safe operating space’

• Link of WEF sector growth to GDP performance must be 

weakened/decoupled

• Next: do this at national resolution

CONCLUSIONS



• This work is feeding into a major EC Horizon2020 project

• SIM4NEXUS (www.sim4nexus.eu)
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