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Motivation

A the CEOS Virtual Constellations for GEOSS

I coordinate EO programmes across borders

I build and sustain truly global observing systems in support
of one or more key information needs of society

A The Land Surface Imaging Constellation

I Prototype Mid-Resolution Optical portal
A wgiss.ceos.org/lIsip

AIM

A derive physically consistent estimates of surface
properties from multiple space borne instruments
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M: derive physically consistent

O bJ eCtlveS Of EO L DA imates of surface properties from

multiple space borne instruments

A Establish scientific requirements for EO-LDAS for
medium resolution optical data

A Develop overall scheme architecture and interfaces

A Consult with the scientific community to confirm
structure of the scheme and priorities for initial

Im
A Im
A Va

nlementation
nlement prototype with selected components

idate prototype

A Develop scientific roadmap for further development
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DA: Constraints to improve parameter estimations
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Quaife,T. , Lewis, P. (2010) Temporal Constraints on Linear BRDF Model Parameters,
IEEE Transactions on Geoscience and Remote Sensing DOI: 10.1109/TGRS.2009.2038901
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Assimilation of MODIS BRF data into (DALEC) ecosystem model
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T. Quaife, P. Lewis, M. DE Kauwe, M. Williams, B. Law, M. Disney, P. Bowyer (2008), Assimilating Canopy Reflectance data into an
Ecosystem Model with an Ensemble Kalman Filter, Remote Sensing of Environment, 112(4),1347-1364.
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Components of a DA system

Process model (M), to advance the system in time
Simulator (Observation operator, h)

Geometric interpolator(s)

Radiative Transfer functions
Suitable cost function (J

Assimilation methodology Thecore components

Not to be forgotten:
Sensor Errors

Auxiliary data

Data handling routines
QA routines
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State Variable (defined on a grid)

Veg.
canopy
phys:
chem:
Atmos {

Sensor
&

-
support
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Model Type | Model form Correlated?
LAI DVM/empirical | M(X)=M(X y,ppt,E...)| Medium same ype)
Soil Albedo | M(r, ppt) M=M( x, pp t|8&tlong
LAD params | M(pft, t) M(X)=X Strong?
mor eé
Aerosol t Climatology? | M(Xx) = const. Strong
Angstrom Climatology? | M(X) = const. Very strong
parameter
Column WV | ECMWEF? M(X) = const. Strong
Column O3 | ECMWEF? M(X) = const. Strong
mor eé
Calibration | Zero order? M(x) = f(T,X,emr)
Pointing Random M(x) =0 Image to image
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Update product file;
Product/model file: update model (M)
Historical value of x at
times T, T,.. @I’

m

x(t), B; I,
. M
Atmospheric
information y
Xp(T); B
ya):r, | T, y¥(): T, B l
> x(v),B; T,
; | Subsidiary
y(t); L. | T, y*,): T, x(t).Ln, 7| products
CORE — X(tz)ara
Innovations,
= ASSIMILATION F—
Sensor
y(tN); F.m . T , | y(tN); Fa ~ Coefficients
N
Sensor files (predict values of B update
calibration coefficients) sensor files
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Modularity

Certain level of modularity achievable

e.g. Call a routine to calculate the surface irradiance for
a black ground (fn of atmosphere only) L®&(q ,).f

Call BRDF function (Canopy state)
Call coupling routine to get L®(qg ,) (Actual) and

L-(g ,), fiven BRDF and L,&(q ,) f
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Process model module

A Required to be simple for prototype
I Empirical LAl fn
| Zero-order models
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RadiativeTransfer module

A Semi-discrete for canopy/soil RT
I Couple leaf/soil models

A 6s for atmosphere

& Id National Centre for
W’ €o0-ldas Earth Observation h
Suppnrt to Stlence element NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN




M. Disney, P. Lewis, P. Saich (2006) 3D modelling of forest canopy structure for remote sensing simulations in the optical and
microwave domains, Remote Sensing of Environment. Rem. Sens. Environ., 100(1), 114-132.

RadiativeTransfer module

A Parametric

A serve as proxy for BRDF over land but no direct link with process model
A Angular integrals e.g. albedo
A Simple coupling to atmospheric model

A 1-D (semi-discrete)
A Always effectivevariables.
A Simple (?) Adjoint code
A 3-D:
A ~Infinity of parameters?

A Consistency across types of observations (?)
A LUT

A All can be coupled with atmospheric models like 6S .
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Pinty, B., N.Gobron J-L. Widlowski, T. Lavergneand M. M.Verstraet§2004) "Synergy betweenll and 3D radiation
transfer models to retrieve vegetation canpmpertiefrom remote sensing datdburnal of Geophysical Researdfol.109,

D21205 10.1029/2004JD005214.
3-D versusl-D

3-D heterogeneous system 1-D system representation
Direct transmission at 30 Direct transmission at 30
degrees Sun zenith angle, degrees Sun zenith angle
dir irec < >
T. o (<LAI >)= 0.506 T (< LAI >) = expae <LA>6_ 315
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J-L. Widlowski, M. Taberner, B. Pinty, V. Bruniquel-Pinel, M. Disney, R. Fernandes, J-P. Gastellu-Etchegorry, N. Gobron, A. Kuusk, T. Lavergne, S.
Leblanc, P. E. Lewis, E. Martin, M. Mottus, P. R. J. North, W. Qin, M. Robustelli, N. Rochdi, R. Ruiloba, C. Soler, R. Thompson, W. Verhoef, M. M.

Verstraete, D. Xie, (2007), The third RAdiation transfer Model Intercomparison (RAMI) exercise: Documenting progress in canopy reflectance models,
Journal of Geophysical Research, 112, D09111, doi:10.1029/2006JD007821.

RAMI3: homogeneous canopies
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Gobron N., B.Pinty, M. M. Verstraeteand Y.Govaertg1997) ' A semdiscrete model for the scattering of light by
vegetation ', Journal of Geophysical Research, 102,-9436.

Semtrdiscrete model

Semi-discreteisal-D0 mod el usi ng anal yt

Qo

Ya-discrete splits the BRF into 3 components Ar
U single- CoIIided—by -soil BRF:

3 7 \Céc()W)\ so..(Wo,W)ei il GWE K
o) |

V] cosg, ¢

U single-collided-by- Ieaves BRF:

GW, - W a?a% oai CVLEE 9a\MHG(vv)
cosqg, cosqo\ \cosqo\u V.| cosg, g

U Multiple-collided by leaves and soil BRF:
obtained with thaliscrete ordinates numerical method.
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DA scheme

A 4DVAR and/or a particle smootherappear to be the
best options for EOLDAS

A Some further analysis required to compare the two
methods for our specific case

T 4DVAR most efficient

I (canopy) model differential ready
I Successful tests of OD version of prototype

I PS most flexible & easy to implement

| Background testing with MCMC
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DA Issues: specification of hypg@arameters

A Q= stochastic forcing term

I Some insight into this from regularisation

I Currently looking at cross-validation technigues
A P=model error/background matrix

I Initial estimates from RAMI (?)
A R= observation error matrix

I Relies on adequate information from data provider
I And mapping through of transformations

AL LI GAIf O2yaidN) Ayidax
I empirical
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Summary

A Aim: derive physically consistent estimates of surface
properties from multiple space borne instrument

A About ¥2 way through study
A Arrived at system design that should achieve this
A Modular:
i22yQ0 6S 6fS G2 TFdAte Ay@gSaiaAd
A Core:

I Spatial state grid: canopy, atmosphere
A Plus EO system state vectors
I 4DVAR/(sequential method)

T 6S/Semi-discrete

A Testsite (2010)a D2 f R S yidar Noraizsisen
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A Thank You
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(pointing)

X, .Xy;B: process model M

1

Initial estimates of Initial estimates of Initial estimates

sensor coefficients atmospheric of x(t,), x(t)

Latest estimates of Latest estimates of =< Latest estimates

sensor coefficients |< atmospheric parameter(s) [— of x(t), x(t)
switch

“Data Operators”

Observation operators

Update J

cal

G(y)

H[x(t)]

Update J, Update J

-7 =

Evaluate cost function and partial derivatives at new values

U

Are these derivatives acceptably small?

y

J,

Update error statistics

Calculate incre:ﬁents to x and to other
variables

Create diagnostic maps (e.g. of
innovations)

coefficients

Return the new values of x,
of the errors, and of sensor




AIM: derive physically consistent

Why DA,? estimates of surface properties from

multiple space borne instruments

AUser of productbased view

I Or embed observation operator in model

ABetter route for consistency
A. dzii X

I more complicated

I EO operator depends on many factors not (well) accounted for in
process models

» Canopy structure, leaf biochemstry, soil spectral properties,
atmsophere

I EO-LDAS: only simple process models
A Concentrate on DA schemes, OO(Vegetation/Sensor/Atmosphere)
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Why DA?

A User of productbased view

I Want to model things not directly observed by EO
AE.qg. C fluxes

I EO data as constraint to modelling

I Can assimilate products

ABUT uncertainties traditionally poorly described
I ECVs have important requirements in this area

Aa dzOK NR2Y F2NJI AyO2yaraiasSyo
parameters
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Rationale:EOLDAS (ESA STSE)

GLYO2yaAraidSyoOASa 2F LINE RdAzO(
systems are considered the stumbling block for the
Insertion of different EO data into assimilation schemes

and thus for making full use of their synergies.

Consequently a dedicated activity was Iinitiated for the
development of a generic Earth Observatitvand Data
l AaAYAEFOA2Y { OKSYS oO09hy[ 5!

ldea not completely new: earlier studies were done for
the SPECTRA candidate Earth Explorer
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EOLDAS

A 2009-2010

A Support to Science Element (STSE)of 9 { | Q&
Earth observation Envelope Programme.
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A
A

Do Po Do Io

O { Ilrdq@rements

LYLINE PSR NBUGNRSOEFt A& ONBLEZ2NISR 0Odz
Tools for working with constellations of imaging sensors (Vis-NIR)

I Importance of consistent retrievals

I Therefore important to assimilate radiances, not products
Tool for catching calibration drift

I or cross-calibration in a constellation system
provide a prototype and a case study.

Others (e.g. ecosystem modellers) may make use of a stand-alone system
for DA experiments. This may depend on how modular the system is.

The LDAS should contribute towards the development of an OSSE scheme.
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Requirements: Users

A ESA, and other agencies
I Next generation retrieval methodology
I Analysis of observing systems OSE, OSSE
I Principal interest is the data

A Scientists
| Better understanding of physical systems
I Principal interest is the model
A Potentially, operational end users
I Eg Inagriculture
I Principal interest is the geophysical parameter
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Requirements: Use Modes

A Physical Modelling
I Aimed at scientists as users ¢ possibly later on operational
I Focus on the process model
I Interactive, toolkit mode
I Capability to substitute components
A Constrained Retrievals
I Aimed at space agencies as users
I Focus on data best EO products
I Operational mode
A Experimental
I Aimed at expert (in DA) users
I Focus on the observing system & errors
I Highly interactive mode
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Assimilating products

’——~

e T .
Assumptions €] Observations
~ ”
-~ —_— s -
Data Assimilation Scheme
(KF, EnKF, 4DVAR, etc)
=TT T~
T l Assumptions j¢—— Observations
~ v d
-~ T T T~
( Assumptions ) _ _
S __-" For example: soil moisture

from SMOS and surface
temperature from MODIS
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Assimilating lower level products

Data Assimilation Scheme |4 Observations
(KF, EnKF, 4DVAR, etc)

T l \ Observations

Observation Operator
¢ _ Assumptions » e.g. reflectance,
Tl backscatter, et
MODEL
/ ’A RN Assumptions in the observation
\ ssumptlonf / operator are made to be
- consistent with those in the
model
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Particle Filters
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Nominal classification of DA

- Sequential
~ Smoothers
~ Variational
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Particle Filters

A Fully Bayesian
I No underlying assumptions about distributions

A Theoretically the most appealing choice of sequential
0 SOKY AljdzSE 0 dzi X
A Our analysis show little difference with EnKF

A Potentially requires larger ensemble
I But comparing 1:1 is faster than EnKF
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Sequential techniques

A General considerations for EOLDAS:

I Designed for real time systems

I Only consider historical observations

I Only assimilates observations in single time step
I Can lead to artificial high frequency components
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Variational techniques

A Expressed as a cost function
A Uses numerical minimisation
A Gradient descent requires differential

A Traditionally used for initial conditions
I But parameters may also be adjusted
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3DVAR

A No temporal propagation of state vector
I OK for zero order approximations
I Unable to deal with phenology
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Variational techniques

A Parameters constant over time window
A Non smooth transitions

A Assumes normal error distribution

A Size of time window?

A For zero-order case 3DVAR = 4DVAR
I 4DVAR for use with phenology model

A Absence of Q - propagation of P?
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J-L. Widlowski, M. Taberner, B. Pinty, V. Bruniquel-Pinel, M. Disney, R. Fernandes, J-P. Gastellu-Etchegorry, N. Gobron, A. Kuusk, T. Lavergne, S.
Leblanc, P. E. Lewis, E. Martin, M. Mottus, P. R. J. North, W. Qin, M. Robustelli, N. Rochdi, R. Ruiloba, C. Soler, R. Thompson, W. Verhoef, M. M.
Verstraete, D. Xie, (2007), The third RAdiation transfer Model Intercomparison (RAMI) exercise: Documenting progress in canopy reflectance models,
Journal of Geophysical Research, 112, D09111, doi:10.1029/2006JD007821.

RAMI-3: heterogeneous canopies
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What does DA aim to do?

- Use all available information about
The underlying model

The observations

The observation operator

~Including estimates of uncertainty and the
current state of the system

~ To provide a best estimate of the true state of
the system with quantified uncertainty
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Mean NEP for 2000-2002

A
Flux Tower 1
4.5 km
Spatial average = 50.9
Std. dev. = 9.7
(gC/m?/year)
v

I 65

gC/m?/year
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AIM: derive physically consistent
Why DA,? estimates of surface properties from

multiple space borne instruments

A EO productbased view
I Traditional approach in EO was model inversion

I Information content of insufficient to estimate biophysical
variables without prior information

Alll-posed problem
AAd hoc constraints

I DA framework allows explicit statement of assumptions
and treatment of uncertainties
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