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Coupling models to 
represent interactions 
within landscape 
systems



Why couple models?

1. To capture cross-scale interactions/interdependencies

• Global drivers (e.g. international trade, policy, migration)

• National to Local implementation (Devolved administrations to Land owners)

• Telecoupling (exporting the UK’s environmental footprint)

2. To capture cross-sector interactions/interdependencies

• Systemic interactions between biophysical and human processes in multiple 

sectors (e.g. synergies, unintended consequences of decisions)

• Competition for resources (e.g. land and water)



Coupling models across scales

Food, Agriculture, 
Biodiversity, Land-use 
and Energy (FABLE) 
pathways consortium

Scenathon 2019 enabled 
18 country teams to 
iteratively and 
collaboratively align 
national pathways with 5 
global targets and to 
balance trade flows

https://www.foodandlandusecoalition.org/fable/ 



The 2019 FABLE Scenathon
Area Global Target

Greenhouse gas 
emissions 

GHG emissions from crops and livestock compatible with keeping the rise in 
average global temperatures to below 1.5°C

Below 4 GtCO2e yr-1 by 2050

GHG emissions and removals from LULUCF compatible with keeping the rise 
in average global temperatures to below 1.5°C

Negative global GHG emissions from LULUCF by 2050

Forests Zero net deforestation

Forest gain should at least compensate for the forest loss at the global level 
by 2030

Food security Zero hunger

Average daily energy intake per capita higher than the minimum 
requirement in all countries by 2030

Biodiversity A minimum share of earth’s terrestrial land supports biodiversity 
conservation

At least 50% of global terrestrial area by 2050

Most global 
targets can be 
reached by 2050
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Coupling models across sectors
IMPRESSIONS Integrated Assessment Platform

Harrison et al. (2015). Cross-sectoral impacts of climate change and socio-economic change for multiple 
European land- and water-based sectors. Climatic Change, 128: 279-292

Climate (RCPs)
Socio-economics (SSPs)

Physical (soils, etc)



Benefits of integrated modelling
Differences between single sector and integrated models by regions within the EU: 

Change > 100%

Change > 50%

Change > 25%

Change > 5%

Change < 5%

Changes in different directions *

Changes in same direction

Harrison et al. (2016). 
Climate change impact modelling 

needs to include cross-sectoral 
interactions. Nature Climate Change, 

6(9): 885-890. Direction of change 
differs between 
single sector and 
integrated models



Key research priorities from the 2019 Programme



Methods for model integration
• Different methods for model integration, each having their own pros and cons. 

Certain methods may be more appropriate for certain research questions or 
decision contexts. 

• Alternatives include:

 direct integration of model code; 

 development of model emulators; 

 use of model wrappers;

 use of data cubes (look-up tables of pre-run model output). 

• Considerations:

 need for cross-scale and cross-domain model integration;
 one-way passing of model data through a linked model chain or two-way representation of 

feedbacks and interactions;

 speed of application.



Transparency, reproducibility and communication
• All methods rely on good model documentation 

• Good communication between modellers is essential

• Takes time to:

• understand someone else's model

• understand the whole model chain

• understand assumptions

• agree details of data passes between models

• Learning process can be as important as the final coupled model!

• Meta-data and ontologies are needed to support model coupling

• Collaborative environments are needed for working together on data and model integration 

• open access

• virtual labs



Model coupling toolbox (now – 5 years)

A configurable coupling framework within a virtual lab environment to make it easier to run models 
in the cloud, couple models, access statistical and visualisation tools: 

 different functions to make model coupling easier / more automated

 sharing of knowledge, data, code and functions that facilitate model coupling

 ingestion and analysis of rapidly increasing data sources enabling real-time calibration

Model

Model



Technicalities for model integration (now – 5 years)

• Decision theory approaches to 
quantify the value of 
information

• Bayesian methods to help with 
model coupling and 
uncertainty quantification

• Gaussian process emulators to 
explore the full possibility 
space of decisions

Smith et al. (2018). Navigating cascades of uncertainty - As easy as ABC? Not quite ….  
Journal of Extreme Events, 5(1): 1850007

• Methods to progress understanding of the sensitivity and uncertainty in existing coupled models

• Full propagation of all the different types of uncertainties through the model chain

• Can we constrain uncertainty in coupled models



OUTCOME: Benefits of model coupling (5-10 years)

Alexander et al. (2017). Assessing uncertainties in future land cover 
projections. Global Change Biology, 23: 767-781.

• Progress towards “plug and 
play” modular systems that 
enable easier and quicker model 
coupling in different 
configurations

• Automatic coupling and 
decoupling of models to enable 
ensembles of complex 
landscape models to be run 
rapidly

• Greater model 
intercomparisons, which are a 
major gap for land use models
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and particularly Anna Harper, Martine Barons, 

Rob Holland, Richard Reeve, Mark Brewer, 

Chris Huntingford, Mark Rounsevell, Ian Holman, 
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