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Abstract: Ecosystem-scale experiments represent a major opportunity to improve terrestrial ecosystem 

models. Applying models in advance of an experiment to forecast the potential outcomes maximises the value 

of the experiment for modelling by identifying critical areas of uncertainty, guiding experimental design, and 

prioritising measurements. Here we illustrate the effectiveness of an iterative forecasting approach, using 

sequential model intercomparisons at the large-scale Eucalyptus Free-Air CO2 Enrichment (EucFACE) 

experiment.  

The response of terrestrial vegetation to rising atmospheric CO2 concentrations has been highlighted as one of 

the key uncertainties in the coupled Earth-system models underpinning climate change projections. In 

particular, it is unclear how soil nutrient limitation – particularly the low phosphorus (P) availability in 

subtropical and tropical soils – constrains any potential CO2 fertilisation effect. The EucFACE experiment was 

established in 2012 in a mature eucalypt woodland in western Sydney and is the first large-scale experiment to 

test the response of P-limited vegetation to CO2 enrichment.  

A suite of seven models was applied to forecast experimental outcomes at the start of the experiment. There 

were significant disagreements among the models in their forecasts, and these disagreements were used to 

target measurement campaigns in the experiment. Results from the experiment showed no response of above-

ground productivity of the woodland to the CO2 enrichment, and analysis of whole-ecosystem carbon (C) and 

P budgets indicated that P availability was constraining additional growth.  

To further test this conclusion, the entire EucFACE experiment was fertilised with P in 2023. A suite of eight 

ecosystem models was applied to predict the outcome of P fertilisation at several different application rates. 

Comparison of the model predictions in the advance of the experiment has highlighted major knowledge gaps, 

allowing experimental hypotheses to be refined and measurements to be targeted to these gaps. Our results 

provide a clear demonstration of the advantages of iterative forecasting of experiments as an important strategy 

to improve model predictive capacity.   
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