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Two-stream model to distribute the Sun energy
between the atmosphere, the vegetation and soil layers

Scattered Fluxes by the Surface
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Two-stream model

The two-stream (Pinty et al., JGR, 2006)
is a model of the radiative transfer in the
vegetation canopy-soil system

State of system characterised by 4 variables:

3-D heterogeneous 1-D homogeneous
system system

.Leaf area index (LAl = ¢ * <LAI>)
(describes density of vegetation)

W, is the vegetation single-scattering albedo (w, =r,+1t)
«d, Is the vegetation forward-scattering efficiency (d, =r,/t))
fhga» PACkground reflectance with or without snow

All variables and fluxes are domain-averaged values
All 3 vegetation state variables are effective

o O Pinty etal., (2006) Journal of Geophysical Research, doi:10.1029/2005JD005952
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Formulation of the inverse problem

Typically 2 broadband wavelengths (VIS, NIR)

yields 7 unknowns (parameter) and up to 6 observations:

x = < LAL w(Ay), di(A)), Tpgg(Ar), Wi(Ay), di(Ay), Tpoq(A,) >
d =<R(A), T(A)), A(A), R(A,), T(A,), A(A,) >

Typically only a subset of the radiant fluxes are observed (R)
Task: Retrieval of model parameters x from a given set of observations d

Bayesian approach: Use prior information

covariance of uncertainty in

. : measurements + model
covariance of uncertainty observed fluxes

in priors for parameters priors for model M two-stream model M(x)

rameters

Jx)=%| (x-x,)" Cp, L (x-x,,) + (M(x)-d)' C2 (M(x) d) |

Pinty et al. (2007) Journal of Geophysical Research, doi:10.1029/2006JD008105
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Broadband Near-Infrared Reflectance

Prior knowledge on model parameters (snow free)

A-priori PDF on Spect
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Prior knowledge on model parameters (with snow)

A-priori PDF on Spectral Parameters with ‘green’ leaves
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Prior knowledge on model parameters

TIME and SPACE INVARIANT
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Technical Solution to the inverse problem

Chapter 4: The least-squares (L,-norm) criterion 233

T S{(m)

Iterative minimisation of J(x)

J(X) = %2 [ (X-xp)TC, 2(x-X, ) + (M(x)-d)TCH(M(x)-d) ]

» Uses gradient of J with respect to parameters

* Second derivatives (Hessian) at minimum x,,

provide approximation of parameter uncertainties
(error bars

Cool= 823(X,,o) | OX2

 Uncertainties on simulated fluxes (e.g. FAPAR) via

i peee et - f | linearisation of model (Jacobian matrix)
seapes Loscent Minimum of the :
S(m)gljrjls_plan: :

(the projsction of this
point gives M, .,

Crapan = OMI X C,, M/ OXT

 All derivatives provided via automatic differentiation
of model code (TAC++), see Vossbeck et al. (2008)

Figure taken from Tarantola (1987)
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TIP Tables: Robustness and Speed

COST (POLYVEG_DARK_SOIL, obsunc: 5.0 percent) TIP table COST (POLYVEG_SNOW, obsunc: 5.0 percent)
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White Sky Albedo (NIR)

PDFs of retrieved FAPAR (absorption by vegetation
In the VIS)

Absorbed fraction in vegetation (VIS)
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Two-stream Inversion Package (TIP) processing
chain for GlobAlbedo

TIP
/ parameters
+ uncertainty
ush
BB Albedo P e.g. LAI
VIS/NIR TIP

(separately for
snow/no-snow) on server

+uncertainty puII
+ SnowFraction TIP fluxes

"+ uncertainty
push | e.g. FAPAR

robust and fast
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Processing

e 2002 - 2011
 globally
 1km native resolution

* processing of aggregated albedos on 5, 25 km, and
coarser grids

» exploiting albedo uncertainty information
(currently within large bins)

 TIP-retrievals are derived as weighted mean
according to snow fraction from distinct retrievals
for snow/nosnow albedo conditions (for each pixel /
grid-cell)
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Global results: FAPAR

TIP-GlobAlbedo: FAPAR (2005-07-04_2005-07-12)
(grid: HIRES)
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TIP-GlobAlbedo: Sigma_FAPAR (2005-07-04_2005-07-12)

(grid: HIRES)
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Global results: effective LAI

TIP-GlobAlbedo: Effective LAI (2005-07-04_2005-07-12)
(grid: HIRES)
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TIP-FAPAR@Loobos (NL)

FAPAR at NL- Loo (2007 01- 01 2011-12- 31)

o—e TIP- GIobAIbedo
o—eo TIP MODIS

u|””|
H! l ’ ‘|
w{u ::

03

02

Ji i ,,, y I "H

|ll |I
ml

|
I |

|||" iy

!

2007 2008 2009 2010

-
-U
D=
@)
O
.
@
S
x
%

| 3 ; 5 3 —— TIP-GlobAlbedo
- N | e—e TIP-MODIS
St et it et 1 |8 et M s e
5 USROS WO N L 7
T : ¥ ] B 3 [
: : loall || [wN :
osfi AL T N 1l
3 e LA TTH I8 AT e
0.4t ) LSO T AN it \l
'AP"HH:’, g ; P\ : / :
124 | 1AM N N
0.3H- {14 14 i HEN - WE 19 .4 \0
B : L : l.'
o 2L L L L L \f f Al
Jan Féb M;r Aé)r M;;y JL;n JLIJI/ AC:g Sép Olct Nc;v Dlec

FAPAR at NL Loo (2010 01- 01 2010 12 31)

probably due to cloud-cover!
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TIP-FAPAR@Tumbarumba (Australia)

FAPAR at AU Tum (2007 01- 01 2011 12 31) FAPAR at AU Tum (2007 01 01 - 2007 12- 31)
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TIP-FAPAR@Hainich (DE)

FAPAR at DE- Hal (2007 01-01 - 2011-12- 31) FAPAR at DE Hai (2009 01- 01 2009 12 31)
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 FAPAR derived from GlobAlbedo shows significantly less variability than from MODIS

« only very few missing input albedos (probably attributed to using prior BRDF
information)

* in general slightly increased uncertainty
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White Sky Albedo (NIR)

PDFs of retrieved effective LAI

Effective LAl
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White Sky Albedo (NIR)

PDFs of retrieved effective LAI
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Globalbedo vs in situ @ Hainich
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Globalbedo vs in situ @ Hainich

TIP-GlobAlbedo vs. LAI2000 Random Forest, DE-Hai, 2004
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