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Abstract

Vegetation acts as a critical link between the geosphere, biosphere, and atmosphere, regulating the flux of water to the at-
mosphere via transpiration (E) and the input of carbon from the atmosphere to plants and soil via photosynthetic carbon
assimilation (A). The rate of A is known to be seasonally dynamic, however, few studies have investigated how the ratio be-
tween E and A, known as the water use efficiency (WUE), changes with phenology. WUE directly impacts regional to global
carbon and water cycles and lack of knowledge regarding the dynamics of WUE remains among the largest uncertainties in
current earth system model (ESM) projections of carbon and water exchange in temperate forests. Here we attempt to reduce
this knowledge gap by studying these dynamics across a range of eight deciduous tree species common to temperate forests of
North America. Using gas exchange and spectroscopic measurements, we investigated seasonal patterns in leaf level physiologi-
cal, biochemical, and anatomical properties, including the seasonal progress of WUE and foliar capacity for carbon assimilation,
which corollate with seasonal leaf phenology. We incorporate these findings into a modeling framework that contains the same
representation of A, E; and canopy scaling found in ESMs to explore the impact of parameterization, which tracks phenological
status, on model forecasts. Our results indicate that both photosynthetic capacity and WUE are seasonally dynamic processes
which are not synchronized. WUE increased from a minimum at leaf out toward a more conservative behavior at the mid-
summer growth peak. This pattern was explained by a decreased stomatal aperture and a decrease in cuticular leakage with
leaf aging. We also observed a seasonal increase in maximum carboxylation capacity, with maximum rates of A and modeled
tree net primary productivity (NPP) occurring later toward the end of the summer. This change was primarily driven by an
increase in foliar nitrogen content, and a shift in the ratio of Vemax to Jmax between expanding and mature leaves. By applying
our revised parameterization, which captures seasonal dynamics of gas exchange, into our model framework we aim to improve
the process representation of leaf function in a temperate forest, and more faithfully represent dynamics of NPP and E in the
early and late growth season.
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Motivation: What is the current state of
model representation of seasonality?
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Background: Leaf level models

A [
V" N  Photosynthesis model (FvCB)
Y A, =min(A., A;) — R
BVA n : C ]\ dark
((9)] @ Vemax Jmax
2 o @@ » Conductance model (USO)
91 n
co, s = Yo D/ ¢,

. AR, &

2 | R

¥ y L S R R -
Pt LN




Background: Photosynthetic capacity
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Background: Stomatal optimality

* Optimality theory predicts that...

* Plants maximize carbon gain with respect to water loss (WUE)
e Carbon has a cost in terms of water
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Background: Stomatal optimality
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Background: Stomatal optimality
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Motivation: Why does this matter?
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“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.”

—lJin et al. (2017)

Our models are only as good as our weakest assumptions
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Research Questions:
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* What are the seasonal patterns of
WUE and photosynthetic capacity?

 What are the biotic mediators of
these patterns?
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Methods: Study site
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Methods: Canopy access




Methods: Gas exchange

gs(molm?s™)

0.00

12

1500

1000

(&)
3
(,-S ,-wow) a4dd

gs(molm2s™)

0.12

0.08 =
(2}
o
S
[
0.04 :E,_
“c
<
0.00
-0.01 0.00 0.01 0.02 0.03
1.6An

CsVD

<« Ryark

0 500 1000 1500

PPFD (molm™s™)




Results: Dynamics of Photosynthesis
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Results: Dynamics of Photosynthesis
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Results: Dynamics of WUE
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Results: Dynamics of WUE
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Results: Biotic mediators of photosynthesis
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iators 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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Implications: Why does this matter?
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“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
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