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Key Contributions

• Leaves
– Theory on Viscous and Diffusive Transport
– Stomatal Models
– Energy Balance and Frost
– Ozone Deposition

• Canopies
– Pioneering CO2 and CH4 Flux measurements
– Webb-Pearman-Leuning Theory on Density Corrections
– Treatise on Energy Balance
– Coupled Theory on Soil-Vegetation-Atmosphere Exchange
– Scaling Fluxes with Light and Nitrogen

• Landscapes/Regions
– Coupling Remote Sensing and Eddy Covariance



Problem 1: Bi-Directional Diffusion of Gases Through Pores
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Fick’s Law



For Diffusion of multi-component gas mixtures 
through Pores you must use the Stefan Maxwell 

law, rather than the simpler Fick’s Law



Problem 2: Modeling Stomatal Conductance

http://www.meritnation.com/ask-answer/question/13-what-are-
stomata-write-theie-structure-and-their-function/tissues/2738665
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Stomatal Conductance Scales with Photosynthesis (A) and
Vapor Pressure Deficit (D)



Ball-Berry Coefficient
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Leuning vs Ball-Berry Model



• Parsimony
• BB has one unknown, ~10 +/- 0.8; Leuning has two unknowns

• Mechanism
• Water Moves across humidity gradients, so gs should be a 

function of D (R. Leuning)
• But RH =(1-D/es(T) (ddb)

• Validation
• BB works across wide range of leaf water potentials (0 to -5.0 

MPa)  (Ball, dissertation; Xu and ddb)
• Prediction

• BB leads to accurate predictions of H, LE and Fc in leaf to canopy 
scaling models

• Leuning will do better for global change assessments; D is a 
function of es(T), while BB is a function of RH; 

• RH is assumed constant, or conservative, with climate change 
(Katul, personal communication)

Critique



Problem 3, Modeling Soil-Plant-Atmosphere Continuum
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Problem 4, How to Measure and Interpret
Eddy Fluxes of CO2 and Water?



1st Commandment of Biometeorology: 
‘Know Thy Site’



Cited > 1700 times

Pearman



‘I wish I had a correction named after me’

P. Jarvis, author of the Jarvis Stomatal Conductance Model



Testing Density Fluctuation Corrections at Moffatt Field

Moffett Field, Tarmac
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Moffatt Ames Tarmac
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While Fch4 is sensitive to H, as on Tarmac, H is relatively Small over Wet, 
Methane Producing Wetlands



‘Closure of the energy balance is possible at half-hourly time 
scales by careful attention to all sources of measurement and 
data processing errors in the eddy covariance system and by 
accurate measurement of net radiation and every energy 
storage term needed to calculate available energy’.  



Problem 5: How Do We Extrapolate Leaf-Level Information 
to the Canopy Scale, and Elsewhere?



Non-Linear Photosynthesis-Light Response Curve becomes Linearized;
Its slope is a function of Nitrogen



Up Scaling Fluxes with Remote Sensing



Ray Leuning, International Collaborator + Advisor

Asia Flux, Korea Fluxnet, Lake Tahoe

FLUXNET La Thuile, 1995 + 2007

AsiaFlux, 2010



Thanks Ray, Job Well Done!


