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1. Introduction

Gross primary production biases

CLM4 (purple line) overestimates annual
gross primary production (GPP) compared
with data-driven estimates and other models
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Causes of GPP bias

Model structural error

Canopy radiative transfer
Photosynthesis-stomatal conductance
Canopy integration

Model parameter uncertainty
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1. Introduction

Leaf area

Simulated leaf area index (Jun, Jul, Aug)

N fertilization experiment
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2. Improved . . . .
canopy model Gross primary production bias reduction

a) FLUXNET-MTE
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Similar improvements are seen in evapotranspiration

FLUXNET-MTE data from Martin Jung and
Markus Reichstein (M-P-I Biogeochemistry) Bonan et al. (2011) JGR, d0i:10.1029/2010J6001593



3. The problem

Model down-regulates
“potential” GPP for N

The result is that N limits
GPP throughout much of the
world

When we remove this down-
regulation, the model is oo
productive

N down-regulation of GPP
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3. The problem Is the CLM photosynthetic capacity
consistent with observations?

To match observed GPP, CLM4
heeds to infer strong N down-
regulation (with therefore
reduced photosynthetic capacity)

How does this compare with
observations of photosynthetic
capacity, /ncluding N limitation?

Global Change Biology (2009) 15, 976-991, doi: 10.1111/}.1365-2486.2008.01744.x

Quantifying photosynthetic capacity and its relationship
to leaf nitrogen content for global-scale terrestrial
biosphere models

JENS KATTGE*, WOLFGANG KNORRY, THOMAS RADDATZiand CHRISTIAN WIRTH*
*Muax-Planck-Institute for Biogeochemistry, Hans-Kndll Street 10, 07745 Jena, Germany, TQUEST, Department of Earth Sciences,
Liniversity of Bristol, Wills Memorial Building, Queen’s Road, BS8 1R], UK, tMax Planck Institute for Meteorology, Bundesstrafie
53, 20146 Hamburg, Germany

Derived the relationship between
photosynthetic parameter V., and leaf N from
V.max (723 data points) and A, (776 data
points) studies

Used measured leaf N in natural vegetation to
estimate V. for various PFTs

Most comprehensive estimates of V.. available
Includes the effects of N limitation



3. The problem

CLM photosynthetic capacity
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3. The problem GPP biased high with real-world V.,

What happens when we use

500 7T 7T T T T T T T T
? [
the Kattge V., values: N FLUXNETMTE | |
L —— CLM4a
4000 | ——KAT .
3500 -

3000
2500 [
2000 [
1500 [
1000 [

500

Annual gross primary production (g C m?yr")

0 AR [T T NN TN (NN SR NN TN AT TN NN TR [T TN N W NN TN N S [ T |
-50 40 -30 -20 10 O 10 20 30 40 50 60 70 80

Latitude

Bonan et al. (2011) J6GR, d0i:10.1029/2010J6001593

Kattge V. values increase GPP except in the
tropics, which declines because of lower V.,

Why is GPP so high if we are using the correct
enzyme-limited photosynthetic capacity? What is
missing in the model?



4. A solution
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Same model structure as CLM4,
but with revisions described by
Bonan et al. (2011) JGR,

integrated with depth (two- doi:10.1029/2010J6001593

stream approximation)
Photosynthesis calculated
for sunlit and shaded big-
leaves

CLM4b
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Multi-layer model

Two-stream approx-
imation for light profile

Resolves direct and
diffuse radiation

Resolves sunlit and
shaded leaves
Explicit definition of
leaf properties with
depth

Nitrogen scaled
exponentially with K
dependant on V.,
(Lloyd et al. 2010)

V.max from Kattge et al.
(2009)

Jmax from Medlyn et al.
(2002)



4. A solution

GPP biases

Annual GPP : 1982-2004 : gC m™ yr"
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4. A solution

Two ways to get similar GPP

Simulated -Observed GPP (g C m-2 day-!)
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4. A solution

How does CLM4b affect GPP?

Fraction of annual GPP that is rubisco-limited or light-limited
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Greater fraction of annual GPP comes from the light-limited rate
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5. Is the new 13

model right? Comparison with radiative transfer theory
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Two-stream light profile agrees with theoretical models
of Norman and Goudriaan

Resulting leaf photosynthetic rates are comparable
among models



5. Is the new
model right?

Comparison with observations

Canopy-scale light response curve
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6. Summary

Conclusions

CLM lowers GPP by reducing photosynthetic capacity,
assuming limitations on nitrogen supply

If we put in the observed photosynthetic capacity,
GPP is mostly far too high

Correctly accounting for light and photosynthesis
profiles in the canopy brings it down closer to the
FLUXNET observations

It is not necessary to invoke N down-regulation to get
this right

Much of the transient behavior of CLM is caused by
N down-regulation. This new model will have
qualitatively different behavior
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