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Forests are structurally complex 

Oregon transect
Metolius “Young”
site, 2006

2



Most LSMs assume a 1D canopy

Leaves are infinitesimally small and distributed randomly 
throughout a plane parallel semi-infinite media: 
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We have complex canopies in 
ecosystem models
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LAI, FAPAR & Clumping
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If LAI                         = LAI

then
fAPAR < fAPAR
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RAMI4PILPS 3D scenarios
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All the 1D models exhibit a bias 
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Change in radiative forcing



Two potential next steps

Need fast solutions that are compatible with existing 
land models.

1. Take the existing Sellers model (used in, e.g. 
JULES and CLM) and modify solution to include 

2. Adapt work on 3D cloud scattering for vegetation
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1. Adapt the  Sellers 2Stream solution
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Addition of structural terms
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Candidate formulations for ζ

Pinty et al. (2006):

ζ(θ)=a+b(1-cos(θ))

Kucharik et al. (1999):

ζ(θ)=(ND/√A)0.7/(1+b.exp(-kθp))

Ni-Meisters et al. (2009): 

ζ(θ)=[1-(2trΓ+1)exp(2tr)/(2t2r2Γ2)]3/(4trΓ)

Γ(θ)= √[(1+(b/r)2tan2θ)/(1+tan2θ)]

16



FAPAR for RAMI4PILPS sparse canopy
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2. SPARTACUS
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SPARATCUS schematic
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Knowledge about global canopy 
structure and clumping is limited

• Either model relies on information about 
vegetation structure

• Ideally this would be prognosed by the model itself
• For example ED2

• Alternately need to find data
• For example NASA GEDI mission
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Conclusions

•3D canopy structure has a significant impact on the 
energy and carbon fluxes at the Earth’s surface

•These effects are not well reproduced by current 
land models

Two potential 2-stream based solutions:

•Modified Sellers scheme

•SPARTACUS
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Conclusions

•Modified Sellers scheme
• Easily implemented in LSMs that use the Sellers scheme
• Very small additional computational cost
• Parameters are not directly observable 

•SPARTACUS
• Requires larger changes to existing LSMs
• Slightly more computational cost
• Parameters are physical properties of the vegetation
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