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RECAP of (some) developments 
most structural developments were 

finalized last year 



-  Stomatal conductance is a function 
of prognostic (predicted) leaf 
Water Potential 

-  LWP is the result of atmospheric 
demand and supply from soil via 
resistance network.  

-  Based on Sperry and Love, 2015 

 

 

Plant Hydrodynamics 
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NEW NITROGEN MODEL 
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NEW STOMATAL CONDUCTANCE 



GPP in coupled run 

Why the systematic drop? 
 
•  Always a drop, larger in this run 
•  Climate differences not uniform 
•  Possibly a correlation with VPD bias in CESM 
 



GPP in coupled run 

Why the systematic drop? 
 
•  Always a drop, but larger after parameter calibration 
•  Climate differences (T, P) generally not uniform, spec humidity more systematic lower 

GPP Spec humidity 



Stomatal Conductance 
•  CLM Ball-Berry model has extreme 

response to humidity.   
•  Tried replacement of Ball Berry with 

Medlyn model (in G’Day)  
•  Doesn’t have enormous impact. 
•  Theoretically better 
•  Does improve dry condition 

performance.  



(Some) New CLM5 Parameters 

•  Plant Hydrodynamics 
–  ψ50 
–  KMAX 

–  KRMAX 

 
•  Medlyn Photosynthesis 

–  G1 stomatal slope 

•  Nitrogen Model 
–  leafCN target 
–  N costs 
–  Fraction N fixers 



Initial sensitivity search  
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2-phase calibration 

•  Whole 10D parameter space has too many dimensions 

•  SP calibration (driven with satellite Leaf Area Index).  
     Parameters that operate ‘upstream’ of GPP 

–  Psi50 (water potential at 50% conductance loss) 
–  KRMAX (maximum root condutance) 
–  Ball Berry slope (stomatal conductance) 
–  Leaf C:N ratio 
 

•  BGC calibration (with prognostic Leaf Area Index) 
–  Specific Leaf Area 
–  Leaf Longevity 
–  Root: leaf ratio  
–  Stem: leaf ratio 
–  Nitrogen uptake costs  



Ben… 



Chimera-like parameter file 
 
–  Calibrated Values 
–  Some PFTs hand-tuned 
–  Model structure modified (Medlyn gs) 
–  Works OK, but mostly indefensible 





Throwing the baby out with the bath water 



Throwing the baby out with the bath water 
… 

a Pragmatic Approach to parameterization  



Sensitive Parameter Space 

 
–  Psi50 (Choat paper) 
–  KRMAX (function of psi50) 
–  Medlyn Stomatal Slope (Medlyn paper) 
–  Leaf C:N ratio (TRY) 

–  Specific Leaf Area (TRY) 
–  Leaf Longevity (TRY) 
–  Root: leaf ratio  
–  Stem: leaf ratio 
–  Nitrogen uptake costs  



Sensitive Parameter Space 

New Philosophy 
-  Keep well constrained parameters at default values 
-  Introduce minimal variation in less constrained parameters 
-  Allows better traceability of PFT variation 

  
 

 









Reduced Parameter Space 

–  Psi50 (Choat paper) 
–  KRMAX (function of psi50) 
–  Medlyn Stomatal Slope (Medlyn paper) 
–  Leaf C:N ratio (TRY) 
 
–  Specific Leaf Area (TRY) 
–  Leaf Longevity (TRY) 
–  Root: leaf ratio  
–  Stem: leaf ratio 
–  Nitrogen uptake costs  
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Amazon	bias	improved	w/	krmax	

Nothing	improves	boreal	forest	high	bias	
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2Persistent	high	boreal	bias	

LAI	improved	by	more	root	and	stem	allocaGon	

LAI	bias	(m2/m2)	

Persistant	savanna	problem	



‘Default’	PFT	level	LAI	Boreal	bias	from	Needleleaf	Evergreen	Trees	



Reduced Parameter Space 

Nothing	improves	boreal	forest	high	GPP	bias	

LAI	improved	by	more	root	and	stem	allocaGon	

Amazon	bias	improved	w/	krmax	

Need	to	increase	leafCN	for	NET			

Increase	root	&	stem	frac.	for	all	PFTs	

How	to	boost	tropical	producGvity	but	not	boreal?	
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–  Kr,max is the conductivity of the whole 
root system 

–  Hence its value is hard to determine 
from observations of root sections 

–  Hydraulic literature generally finds a 
safety/efficiency trade-off in xylem 
performance 

–  Tropical PFTs have wetter ψ50 than 
boreal PFTs (-2.7 vs -4.6) 



LAI	biases	are	beXer…	
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SGll	rather	high	boreal	GPP	

Improved	but	lowish	Amazon	GPP	
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‘Default’	PFT	level	LAI	



‘#18’	PFT	level	LAI	



‘default’	PFT	level	LAI	bias	



‘#18’	PFT	level	LAI	bias	







Conclusions 

 
–  The model has some persistent biases that we don’t understand 

•  High boreal productivity 
•  Low savanna productivity 
•  Massive C4 grass production in absence of strong limitations 

–  Parameter choice in a massive dimensional space is hard(!) 

–  Finding the optimal approach will be an ongoing research topic 
 


