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Motivation: What is the current state of 
model representation of seasonality?
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• Photosynthesis model (FvCB)
𝐴! = 𝑚𝑖𝑛 𝐴" , 𝐴# − 𝑅$%&'

• Conductance model (USO)

𝑔( = 𝑔) + 1.6 1 +
𝑔*
𝐷

𝐴!
𝐶%

H2OCO2

Background: Leaf level models
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• 𝐴# = 𝑚𝑖𝑛 𝐴$ , 𝐴% − 𝑅&'()

• 𝑚𝑖𝑛 𝐴$ , 𝐴% : dictates carbon capture

• 𝑅&'(): dictates respiration loss of 
carbon

Background: Photosynthetic capacity
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•Optimality theory predicts that…
• Plants maximize carbon gain with respect to water loss (WUE)
• Carbon has a cost in terms of water  

Profligate VS Conservative
(Low WUE) (High WUE)

Background: Stomatal optimality
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Background: Stomatal optimality
𝑔!
• Slope of relationship between 

the stomatal index and gs

• Inversely proportional to WUE

𝑔"
• gs when An is 0
• Minimum gs in the light

𝑔*

𝑔+
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Motivation: Why does this matter?
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“We need to elucidate the mechanism 
underlying the use of photoperiod scalars to 
modify photosynthetic parameterization.” 
-Rogers et al. (2017)

“…uncertainties surrounding water relations 
are more important for understanding and 
predicting carbon fluxes than the 
uncertainties surrounding most of the carbon 
fluxes themselves.” 
-Dietze et al. (2014) 

“Here, we argue that phenology, which exerts 
critical biotic control over most ecological 
processes, plays a larger role than expected in 
the regulation of the seasonal WUE and cannot 
be ignored in earth system models.” 
–Jin et al. (2017) 

Our models are only as good as our weakest assumptions



•What are the seasonal patterns of  
WUE and photosynthetic capacity?

• What are the biotic mediators of 
these patterns?

• How does a seasonal 
parameterization of leaf WUE and 
photosynthetic capacity impact the 
modeling of E and NPP?

Credit: PhenoCam Network
https://phenocam.sr.unh.edu/webcam/

Research Questions:
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Methods: Study site
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Methods: Canopy access
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Methods: Gas exchange
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Results: Dynamics of Photosynthesis 
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Results: Dynamics of Photosynthesis 
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Results: Dynamics of WUE

15



Results: Dynamics of WUE
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Results: Biotic mediators of photosynthesis
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Results: Biotic mediators of WUE
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Results: Diurnal patterns
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Results: Seasonal patterns
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Results: Seasonal patterns
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Using fixed values… 
• 3% lower estimate 

of assimilation 
• 16% lower 

estimate of 
transpiration



epa.gov

Implications: Why does this matter?
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fs.usda.gov

“In New York, habitat for red maple (Acer rubrum) and sugar maple (Acer saccharum) would decline substantially but not 
disappear, while most of the habitat is projected to disappear for yellow birch (Betula alleghaniensis)…. Species with a 
high possibility of dramatic increases include several oak species” –USFS Climate Change Atlas



Julien Lamour (BNL) Shawn Serbin (BNL) Anna McPherran (SBU)

Acknowledgments

23



Questions?
kdavidson@bnl.gov

bnl.gov/envsci/testgroup/

orcid.org/0000-0001-5745-9689

@K_J_Davidson


