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Complex land-surface RT effects on short term

climate: the snow case with ECMWF/NCEP
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Evervone Complaimns About the Weather. ..

Eetts and lus BORFEAS colleagues observed that, i the
spring, daly weather forecasts sigrific antly
underestimated air temperatures over the boreal forest,
sometmes by as much as 10—15°C (18—27°F)
(Witerbo and Betts, 1999). Addiicnally, the BOEEAS
teatn found that predictions of cloud cover over the boreal
region were often far off the mark. Evervone complains
about the weather, but how could the forecasts be so
wrong so often?

March-Aprilases |

The scientists noticed a pattern that confirmed their earher
suspicions: the temperature forecasts were farthest off in

late spring when snow was on the ground and grew more
accurate after the show melted. From summer through fall,
the weather models matched actual measurements more

~e or miissions * experiments = search

FEATURES

This map shows the average errars
inthe European Centre for
Medium-Range Weather Forecasts
at250mb (roughly equivalent to an
altitude of 1500m) for Marzh and
April of 1995, The predictions,
made five days in advance, weare
compared to actual measurements.
The 1925 model did not include the
gdjustments to forest albedo.

(Figure from Witerbo, P. and Ak
Betts, 1999: The impact on EChiWiF
forecasts of changes to the albedo of
the bareal forests in the presence of
snow. J. Geophys. Res. (In press,
BOREAS special issue). Courtesy
Ak Betts)
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Ref: Viterbo and Betts, 1999, JGR

"..weather
forecasts
significantly
underestimated
air temperatures
over boreal,
sometimes by as
much as 10-15 C.."

Ref: http://eobglossary.gsfc.nasa.gov/



Complex land-surface RT effects on short term

climate: the snow case with ECMWF/NCEP
] ".—the BOREAS team

earth observatory

ome * data & images * features * news * reference * missions * experiments

Fiaruns found that the models
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underestimated air temperatures over the boreal forest,

sometimes by as much as 10—15°C (16—27°F)
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Bletts, 1999: The impact on ECHWE
forecasts of changes to the albedo of
the boreal forests in the presence of
snow. J. Geophys. Res. (In press,
BOREAS special issue). Courtesy
Ak Betts)
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The scientists noticed a pattern that confinmed their earhier
suspicions: the temperature forecasts were farthest off in
late spring when snow was on the ground and grew more
accurate after the show melted. From summer through fall,
the weather models matched actual measurements more

Ref: Viterbo and Betts, 1999, JGR

Ref: http://eobglossary.gsfc.nasa.gov/



How does radiation redistribute energy between

the atmosphere and the biosphere?

Scattered Fluxes by the surface

il Absorbed Fluxes in eeai -

> Absorbed Fluxes in Soil




What do we measure at global scale that we

should model as well?

Albedo of the surface in the VIS
and NIR (MODIS and MISR)

tation }§

i Absorbed Flux by gr'ee
B in the VIS (FaPaR)




How do we model the absorbed fluxes In

vegetation and soil ?

Correct partitioning between the flux that is
absorbed :

VIS VIS+NIR

1- in the vegetation layer A, =1-ALB,-A .,

2_ In the baCkground Aground :Tveg(l_aground)

Assessment of the fraction of solar radiant flux
that is scattered (albedo) by, transmitted
through and absorbed in the vegetation layer

Pinty etal., (2006): Journal of Geophysical Research, doi:10.1029/2005JD00595:



What are the needs?

» Update/improve the current Land Surface
schemes describing the radiation transfer
processes in vegetation canopies
see 2-stream model by Pinty et al. JGR
(2006).



Requirements from a 2-stream model

3 (effective) state variables:

Optical depth: LA amount of leaf material

single scattering albedo :
L eaf reflectance+ Leaf transmittance /eaf CO/OI'

asymmetry of the phase function
Leaf reflectance/transmittance

2 boundary conditions:

Top: Direct and Diffuse atmospheric fluxes (known)
Bottom : Flux from backgr ound Albedo (unknown) soil color

Pinty etal., (2006): Journal of Geophysical Research, doi:10.1029/2005JD00595:



Requirements from a 2-stream model

« 3 (effective) state variables:

1. Optical depth: LAl
2. single scattering albedo :

Leaf reflectance+ Leaf transmittance
3. asymmetry of the phase function

[ eaf reflectance/transmittance
2 boundary conditions:

1. Top: Direct and Diffuse atmospheric fluxes (known)
2. Bottom : Flux from background Albedo (unknown)

Pinty etal., (2006): Journal of Geophysical Research, doi:10.1029/2005JD00595:



The concept of effective LA

3-D heterogeneous system 1-D system representation
Direct transmission at 30 Direct transmission at 30
degrees Sun zenith angle, degrees Sun zenith angle,
T2 (< LAI >)= 0596 T (< LAI ) = exp| - = ZLA’ > 120312
H,

Effects induced by internal variability of LAT



The concept of effective LA

3-D heterogeneous system 1-D system representation
Direct transmission at 30 Direct transmission at 30
degrees Sun zenith angle, degrees Sun zenith angle,
T2 (< LAI )= 0596 T (< LAI >) = exp f;‘i - 0.312
H,

ﬂo 2\/

M

eff
szrect (LAIeﬁ‘) — exp( Lﬁl j — exp(_ < LAI C.!E(ﬂo) szrect (< LAI >)

Structure factor



What are the needs?

» Update/improve the current Land Surface
schemes describing the radiation transfer
processes in vegetation canopies

see 2-stream model by Pinty et al. JGR
(2006).

» Prepare for the ingestion/assimilation of RS
flux products into Land Surface schemes

Retrieve 2-stream model parameters from RS
flux products



Retrievals of model Parameters for

Land surface schemes

The inverse problem can be formulated in order

to find solutions op’rimizing C(“ ’rhe

available informationie., inferring
statistically the state of the system

Towards an integrated system

for the optimal use of remote sensing
flux products




RS flux Prior knowledge inﬁﬂﬁgn
products from on model e.g. occurrence
various sources parameters + gf e~
+ uncertainties uncertainties water

aia1'ion :
transfer
model

Time—-independent
operating mode

Re-analysis generating consistent dataset

Diagnostic fluxes Posterior model

+ uncertainties parame’;er's +
uncertainties



INPUTS : prior knowledge

RS Flux products, e.g., Albedo Vis/NIR and/or
FAPAR noted d

« Updated/benchmarked 2-stream model from Pinty
et al. JGR (2006) noted M (X)

* A priori knowldege/guess on model parameters
noted X

prior

uncertainty on the RS products is specified in the
measurement set covariance matrix C,

uncertainty associated the model parameter is
specified via a covariance matrix C,

prior



The core of the JRC-TIP

100 =m0 - )Tcij(M<X>—d)+(X—XW)TC; (x-x )

ez 2-stream measurements PRSI
parameters model knowledge
l
Uncertainty Uncertainty
measurements parameters

*Computer optimized Adjoint and Hessian model of
cost function from automatic differentiation technique

*Assume Gaussian theory

*Posterior uncertainties on retrieved parameters are
estimated from the curvature of J (X)

Pinty etal., (2007): Journal of Geophysical Research, doi:10.129/2006JD008105



OUTPUTS: posterior knowledge

 PDFs of all 2-stream model parameters:

1 _
PDF (X) = exp(— 5 (X=X ) C{,m (X=X )j
a posteriori uncertainty
covariance matrix

« Assessement of all fluxes predicted by the
2-stream model and their associated
uncertainty:

CFlux — GCXPOSt GT

post

Pinty etal., (2007): Journal of Geophysical Research, doi:10.129/2006JD008105



prior knowledge on model parameters

A-priori PDF on Spectral Parameters
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Broadband Visible Reflectance

Pinty etal., (2007): Journal of Geophysical Research, doi:10.1029/2006JD008105



prior knowledge on model parameters

A-priori PDF on Spectral Parameters
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Pinty etal., (2007): Journal of Geophysical Research, doi:10.129/2006JD008105



prior knowledge on model parameters

A-priori PDF on Spectral Parameters
L L L L B

TOA |

leaves

Broadband Near-Infrared Reflectance

e Soils

X SNOwW

Broadband Visible Reflectance

Pinty etal., (2007): Journal of Geophysical Research, doi:10.129/2006JD008105

_ a priori'green’ leaves
—

LAI . =1.5

(LAI)=35.0

IN case snow occurs
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Application over Yakutsk: Measurements

DOY:0 100 200
1.00 "~ WYwywywy v E—
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Application over Yakustsk: model parameters

YAKUTSKspas R1R2 * LAl (MODIS, MISR)
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Pinty etal., (2008): Journal of Geophysical Research, doi:10.129/2007/JD009096



Application over Yakutsk: model parameters

YAKUTSKspas R1R2 * LAl (MODIS, MISR)
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Pinty etal., (2008): Journal of Geophysical Research, doi:10.129/2007/JD009096



Application over Yakutsk: model parameters

e VIS

YAKUTSKspas R1R2 a N|R (MODIS, MISR)
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Pinty etal., (2008): Journal of Geophysical Research, doi:10.129/2007/JD009096



Application over Yakustk: radiant fluxes

YAKUTSKspas R1R2 * VIS (MODIS, MISR)
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Pinty etal., (2008): Journal of Geophysical Research, doi:10.129/2007/JD009096



Application over Yakutsk: radiant fluxes

YAKUTSKspas R1R2 * VIS (MODIS, MISR)
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Application over Yakustk: radiant fluxes

Fraction Absorbed in Vegetation [VIS]

YAKUTSKspas R1R2

* VIS (MODIS, MISR)
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Application over Yakustk: radiant fluxes

YAKUTSKspas R1R2

* VIS (MODIS, MISR)
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Effective LAI

Effective LAI
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Effective LAI

Effective LAI
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Effective LAI

Effective LAI
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Effective LAI

Effective LAI

HESSE R1R2 + LAl (MODIS, MISR)
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Statistics over FIFE — like sites
_ Year 2005
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Statistics over FIFE — like sites
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Statistics over FIFE — like sites
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1.

Concluding remarks

Computer efficient inversion package has been designed
and tested : estimate of uncertainty on all retrievals

2. This integrated package can be used for various purposes :

4.

retrieval of parameters from RS products, validation of RS |

products, assimilation of RS products into Land surface
schemes.

Capability to generate global surface model parameters
ensuring full consistency with measured (uncorrelated)

fluxes from various sources: spectral albedos from MODIS-
MISR (and any other sources).

Estimating radiant fluxes and surface parameters in the
presence of snow .
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Application over BOREAS: Measurements

Input Broadband White-Sky Albedo
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Specified uncertainty on BHRs is 5% relative



Application over BOREAS: Measurements

e VIS
NSAOBS R1R2 « IR (MODIS, MISR)
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Application over NSAOBS: model parameters
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Application over NSAOBS: model parameters
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Application over NSAOBS: model parameters
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Application over NSAOBS: model parameters

NSAOBS R1R2 + LAl (MODIS, MISR)
DOY:0 100 200

700 - | \A\4 ' ' I T T L 4 T T T
6.00 & ) E
5.00 E
r ¢ -
< MODIS /Terra FAPAR . X
P 4005_ \ % % _E
= - x -
qé’_) 3.00 i_ x MISR /Terra FAPAR xxx _i
L - x 3
- b 4 X 3
2.00 ¥ xx X E
= x X E
- x R x -
1.00 & x" % + x E
EX X x+ x X XE
0.00 ¢ x"%*.%k ’%”‘ % R N R T G .

Jan Mar May Jul Sep Nov Jan

Year 2005



Application over NSAOBS: model parameters
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Application over NSAOBS: model parameters

Ground Albedo
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Application over NSAOBS: radiant fluxes

NSAOBS R1R2 e VIS (MODIS, MISR)

DOY:0 100 200

100 | \A\4 ' ' I T T L 4 T T T
2
=,
c 0.80F ]
9
I
q') I~ -
o
>_(l60j— -
=
©
8 B -
S5 0.40_— o -
§ e | %0 1K ¢
c i “% ¢ .
2 020 . ]
§ | o ¢ |
LL -

0.00 . | . | . | . | . | .

Jan Mar May Jul Sep Nov Jan

Year 2005



Application over NSAOBS: radiant fluxes
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Application over NSAOBS: radiant fluxes
NSAOBS R1R2
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Application over NSAOBS: radiant fluxes
NSAOBS R1R2
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Application over NSAOBS: radiant fluxes
NSAOBS R1R2
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Application over NSAOBS: radiant fluxes
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