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Forests are structurally complex

Oregon transect
Metolius “Young”
site, 2006
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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

http://maespa.github.io/
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LAI, FAPAR & Clumping
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[11 Remotely sensed, multiannual data sets of shortwave radiative surface fluxes are now
available for assimilation into land surface schemes (LSSs) of climate and/or numerical
weather prediction models. The RAMI4PILPS suite of virtual experiments assesses the
accuracy and consistency of the radiative transfer formulations that provide the magnitudes
of absorbed, reflected, and transmitted shortwave radiative fluxes in LSSs. RAMI4PILPS
evaluates models under perfectly controlled experimental conditions in order to eliminate
uncertainties arising from an incomplete or erroneous knowledge of the structural, spectral
and 1llumination related canopy characteristics typical for model comparison with in situ
observations. More specifically, the shortwave radiation is separated into a visible and
near-infrared spectral region, and the quality of the simulated radiative fluxes is evaluated

(&

.\K;_f

National Centre for University of
Earth Observation Re a d i n g

NATURAL ENVIRONMENT RESEARCH COUNCIL



RAMI4PILPS 3D scenarios

Medium




Biogeosciences, 11, 1873—-1897, 2014
www.biogeosciences.net/11/1873/2014/
do1:10.5194/bg-11-1873-2014

© Author(s) 2014. CC Attribution 3.0 License.
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Do we (need to) care about canopy radiation schemes in DGVMSs?
Caveats and potential impacts
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All the 1D models exhibit a bias
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Change in radiative forcing
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Loew, Alexander, P. M. van Bodegom, J-L. Widlowski, Juliane Otto, Tristan Quaife, Bernard Pinty, and Thomas Raddatz. "Do we (need to) care
about canopy radiation schemes in DGVMs? An evaluation and assessment study." Biogeosciences Discussions 10, no. 10 (2013): 16551-16613.
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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
GC () =G (1) € (1)
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Candidate formulations for C

Pinty et al. (2006):
((0)=at+tb(l-cos(0))

Kucharik et al. (1999):
((6)=(ND/VA)?-7/ (1+b.exp (-k6P))

Ni-Meisters et al. (2009):
Z(6)=[1 (2trT'+1) exp (2tr) / (2t%r?T?) 13/ (4trT)
= V[ (1+(b/r)2%tan?6) / (1+tan?0) ]
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FAPAR for RAMI4PILPS sparse canopy

1.0 _

| |=—=JULES (Clark, et al., 2011)
| | =] ULES

0.8+ ....JULESVegfraction (Loew, et al., 2014)

| XX RAMI4PILPS (Widlowski, et al., 2011)
- |= =MAESPA (Duursma & Medlyn, 2012)

0.6

Struct

fAPAR

0.4}

0.2f

LR
wn®
um®
wut?
-----
lllllllllllllllllllllllllllllllllllllllll

0 20 40 60 80
Solar Zenith Angle

0.0

National Centre for Y] University of

=4 Earth Observation Read i ng




fabs - PAR - 050 - BLK

1.0
X RAMI4PILPS
—_— MAESPA
08— GoRT
— Two-stream
0E Milsaon
- ]
E K.ucharlk
Ed Pinty
0.4 Mi-Meister
Veq
0.2
i ————
0.0

0 10 20 30 40 50 60 7O 8O
Solar Zenith Angle

fabs - PAR - 150 - BLK

fAPAR

n'Dﬂ 10 20 30 40 50 &0 70 20

Solar Zenith Angle

fabs - PAR - 250 - BLK
1.0

0.8

0.6

fAPAR

0.4

0.2

n'Dﬂ 10 20 30 40 50 &0 70 20

Solar Zenith Angle

LK

150

o

A0

150

fabs - PAR - 050 - MED

10

0.8

0.6

fAPAR

0.4

0.2

l:.la____—-—-—'-"”""H =
0 10 20 30 40 50 60 70 80 150
Solar Zenith Angle

(a) Sparse

fabs - PAR - 150 - MED

fAPAR

wm < O

_(
0.0
0 10 20 30 40 50 60 70 80 150
Solar Zenith Angle
(b) Medium
fabs - PAR - 250 - MED
o
£ 3
i
&
.¢
0.2
0.0
0 10 20 30 40 50 60 70 80 150

Solar Zenith Angle

fabs - PAR - 050 - SNW

1.0

0.8

0.6

fAPAR

D.Dﬂ 10 20 30 40 50 GO 70 80

Selar Zenith Angle

fabs - PAR - 150 - SNW
1.0

0.2

D.Dﬂ 10 20 30 40 50 GO 70 80

Selar Zenith Angle

fabs - PAR - 250 - SNW

fAPAR

0.4 —

0.2

D.Dﬂ 10 20 30 40 50 GO 70 80

Selar Zenith Angle

o

< 08¢ O

150

18



2. SPARTACUS

Geosci. Model Dev., 11, 339-350, 2018
https://doi.org/10.5194/gmd-11-339-2018

© Author(s) 2018. This work is distributed under
the Creative Commons Attribution 4.0 License.
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SPARATCUS schematic

Layer 1:
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Figure 1. Schematic of the idealized vegetation considered in this paper, illustrating the meanings of Layers 1 and 2 and Regions a, b and c.
The diagram on the right also illustrates the interpretation of the elements of the reflectance matrix R given in Eq. (24).
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Normalized flux

Normalized flux
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Knowledge about global canopy
structure and clumping is limited

* Either model relies on information about
vegetation structure

* |deally this would be prognosed by the model itself
* For example ED2

e 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
e 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
e Parameters are physical properties of the vegetation
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