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Models of the terrestrial carbon balance continue to diverge, and the persistent differences among them reveal a 
lack of agreed principles governing fundamental ecophysiological processes. For example, ecosystem models even 
disagree about the sign of the response of primary production to changes in temperature, both globally and at the 
site level. However, although most models use standard representations for key processes (including the standard 
Farquhar, von Caemmerer and Berry model of photosynthesis), differences in implementation (e.g. the assignment 
of carboxylation and electron transport capacities, the model used for stomatal conductance, and the approach to 
canopy energy balance) can create large discrepancies in responses to both temperature and [CO2]. Moreover, far 
too little effort has gone into establishing the reliability of current models against observational and experimental 
data. ‘Benchmarking’ is still not routine, and model ‘improvement’ by including new processes has been prioritized 
over fidelity to data. The situation has only become worse with the implementation of carbon-nitrogen cycle 
coupling, which in at least one case has substantially degraded model performance. 

New approaches are needed urgently. Key recent developments include explicit consideration of microbial and 
mycorrhizal roles in plant nutrient uptake; model intercomparisons that have delved deeply into mechanisms; 
abandonment of plant functional types concept in favour of continuous trait variation; and attempts to predict 
expected values of key traits as a function of environmental variation in space and time. 

This talk will focus primarily on work carried out by my group, and collaborators, over the past five years aiming to 
establish quantitative principles for the determination of key plant functional traits based on explicit eco-
evolutionary optimality principles. I will argue that the ubiquity of natural selection provides the unique basis for the 
predictability of biological systems in general. I will show how specific optimality hypotheses lead to correct 
representations of the environmental responses of CO2 drawdown (ci:ca ratio), carboxylation (Vcmax) and electron 
transport (Jmax) capacities and their ratio, stomatal conductance, and light and water use efficiencies at the leaf 
level; and gross primary production at the ecosystem level. I will also show how the range of effects of enhanced 
CO2 as observed in field experiments can be accounted for by a unified model, with no tuned parameters, applicable 
to all plants that use the standard (C3) pathway of photosynthesis. Finally I will show how this model, together with 
a simple representation of ecosystem respiration, can account for the observed global CO2 uptake on land. 
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