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Friedlingstein et al. (2006) 

Projected global land C uptake    

 different model structures  

 empirical sub-models 

 many tunable parameters  



Water-carbon coupling at regional scales ….  

PHYSICS 
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…. is there a unifying viewpoint? 

The challenge 

turbulent transport 

climatology 

plant adaptations 

species changes  



low-entropy 

energy & 

matter in  

plants, ecosystems, turbulent fluids, climate  

=  

complex, open, non-equilibrium systems 

complex = many internal degrees of freedom 

open = exchange energy & matter with their surroundings 

non-equilibrium = dissipate free energy (produce entropy) 

high-entropy 

energy & 

matter out  
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2: 1235-1250 (2012) 

Tree Physiol. 31: 1007-1023 (2011) 

Tree Physiol. 32: 520-534 (2012) 
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Data: Reich et al. (1997)  

McMurtrie RE & Dewar RC (2011) Leaf-trait variation explained by the hypothesis that plants 

maximize their canopy carbon export over the lifespan of leaves.                                           

Tree Physiology  31: 1007-1023 

Plant optimization explains the global spectrum of leaf economics …. 

Model:  



Dewar et al. (2012) Why does leaf nitrogen decline within tree canopies less rapidly than light? 

An explanation from optimization subject to a lower bound on leaf mass per area.                 

Tree Physiology  32: 520-534 

Plant optimization explains canopy traits …. 

No parameter tuning!  

mature Norway spruce stand, Skogaryd, Sweden 
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Maximum entropy production is consistent with plant optimization  .... 

Fine-root biomass, R (kg m-2)  
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Tree Physiol. doi:10.1093/treephys/tpr138 (2012) 
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Community nitrogen use, NC (g N m-2 yr-1) 

molecules of a gas 

constraints V, U 

macroscopic laws 
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Peak diversity at                   

NC = 9.3 (pred.) 

9.0 (expt.) 

N-limited grassland (Cedar Creek): 

statistical physics community ecology 

 

No parameter tuning!  

No population dynamics!  

individuals of a community  

resource constraints (e.g. NC) 

macro-ecological patterns 

 

 

 

 

 

Boltzmann’s maximum entropy explains patterns in plant diversity ….. 

Jason Bertram  savannas  prob(tree cover fractionMAP) 
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Max. entropy production reproduces large-scale climate features …. 

Paltridge (1975): 
max.  

obs. 
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 = thermal dissipation by turbulent heat fluxes 

Boltzmann’s max. entropy  max. entropy production  max.        Dewar & Maritan (2012): 



 

τU

zU

experimental 

data 

  τ1 Rzlog

channel 

centre 

U(z) 

z 

Re  25 600  

applied 

pressure 

gradient 

D = rate of dissipation by mean flow U(z)         zzU d
2

Max. entropy production explains mean turbulent velocity profiles …. 

max. D       

Max. entropy  max. entropy production  max. D       

Dewar & Maritan (2012): 
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Conclusion: 

Use maximum entropy to tame 

complexity in biology and physics … 

… realistic predictions from just a few 

key constraints 
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