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Motivation

Åthe CEOS Virtual Constellations for GEOSS

ïcoordinate EO programmes across borders

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

ÅThe Land Surface Imaging Constellation

ïPrototype Mid-Resolution Optical portal
Åwgiss.ceos.org/lsip

AIM

Åderive physically consistent estimates of surface 
properties from multiple space borne instruments



Objectives of EOLDAS

ÅEstablish scientific requirements for EO-LDAS for 
medium resolution optical data

ÅDevelop overall scheme architecture and interfaces

ÅConsult with the scientific community to confirm 
structure of the scheme and priorities for initial 
implementation

ÅImplement prototype with selected components

ÅValidate prototype

ÅDevelop scientific roadmap for further development

AIM: derive physically consistent 

estimates of surface properties from 

multiple space borne instruments



DA: Constraints to improve parameter estimations

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



CƭǳȄ ǘƻǿŜǊ ǎƛǘŜ мΥ hǊŜƎƻƴ  όΨ¸ƻǳƴƎΩύ

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



State Variable (defined on a grid)
Model Type Model form Correlated?

LAI DVM/empirical M(x)=M(x0,ppt,E...) Medium (same type)

Soil Albedo M(r , ppt) M=M(x,ppté)Strong

LAD params M(pft, t) M(x)=x Strong?

moreé

Aerosol  t Climatology? M(x) = const. Strong

Angstrom 

parameter

Climatology? M(x) = const. Very strong

Column WV ECMWF? M(x) = const. Strong

Column O3 ECMWF? M(x) = const. Strong

moreé

Calibration Zero order? M(x) = f(Tsat,x,emr)

Pointing Random M(x) = 0 Image to image
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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)   L0®(q,f).

Call BRDF function (Canopy state)

Call coupling routine to get L®(q,f) (actual) and

L¬(q,f),  given BRDF and L0®(q,f)



Process model module

ÅRequired to be simple for prototype

ïEmpirical LAI fn

ïZero-order models



RadiativeTransfer module

ÅSemi-discrete for canopy/soil RT

ïCouple leaf/soil models

Å6s for atmosphere



RadiativeTransfer module
ÅParametric
Å serve as proxy for BRDF over land but no direct link with process model

ÅAngular integrals e.g. albedo

ÅSimple coupling to atmospheric model

Å1-D (semi-discrete)
ÅAlways effective variables. 

ÅSimple (?) Adjoint code

Å3-D: 
Å~Infinity of parameters? 

ÅConsistency across types of observations (?)

ÅLUT

ÅAll can be coupled with atmospheric models like 6S .

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.



3-D versus1-D
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3-D heterogeneous system
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Effects induced by internal variability of LAI

Pinty, B., N. Gobron, J.-L. Widlowski, T. Lavergneand M. M. Verstraete(2004) `Synergy between 1-D and 3-D radiation 

transfer models to retrieve vegetation canopy properties from remote sensing data', Journal of Geophysical Research, Vol.109, 

D21205 10.1029/2004JD005214.



RAMI-3: homogeneous canopies

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.



Semi-discrete model

üsingle-collided-by-soil BRF:

Semi-discrete is a 1-Dô model using analytical & numerical methods.
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ü Multiple-collided by leaves and soil BRF: 

obtained with the discrete ordinates numerical method.

½-discrete splits the BRF into 3 components 

Gobron, N., B. Pinty, M. M. Verstraeteand Y. Govaerts(1997) ' A semi-discrete model for the scattering of light by 

vegetation ', Journal of Geophysical Research, 102, 9431-9446. 



DA scheme

Å4DVAR and/or a particle smootherappear to be the 
best options for EOLDAS

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

ï4DVAR most efficient
ï(canopy) model differential ready

ïSuccessful tests of 0D version of prototype

ïPS most flexible & easy to implement

ïBackground testing with MCMC



DA Issues: specification of hyper-parameters

ÅQ = stochastic forcing term

ïSome insight into this from regularisation

ïCurrently looking at cross-validation techniques

ÅP= model error/background matrix

ïInitial estimates from RAMI (?)

ÅR= observation error matrix

ïRelies on adequate information from data provider

ïAnd mapping through of transformations

Å{Ǉŀǘƛŀƭ ŎƻƴǎǘǊŀƛƴǘǎΧ

ïempirical



Summary
ÅAim: derive physically consistent estimates of surface 

properties from multiple space borne instrument

ÅAbout ½ way through study

ÅArrived at system design that should achieve this

ÅModular:
ï²ƻƴΩǘ ōŜ ŀōƭŜ ǘƻ Ŧǳƭƭȅ ƛƴǾŜǎǘƛƎŀǘŜ ŀƭƭ ŀǎǇŜŎǘǎ ƛƴ ǇǊƻǘƻǘȅǇŜ

ÅCore:
ïSpatial state grid: canopy, atmosphere

ÅPlus EO system state vectors

ï4DVAR/(sequential method)

ï6S/Semi-discrete

ÅTest site (2010) αDƻƭŘŜƴŜ !ǳŜάnear Nordhausen



ÅThank You
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(pointing)

switch



Why DA?

ÅUser of product-based view

ïOr embed observation operator in model

ÅBetter route for consistency

Å.ǳǘ Χ
ïmore complicated

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

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

ïEO-LDAS: only simple process models
ÅConcentrate on DA schemes, OO(Vegetation/Sensor/Atmosphere)

AIM: derive physically consistent 

estimates of surface properties from 

multiple space borne instruments



Why DA?
ÅUser of product-based view

ïWant to model things not directly observed by EO

ÅE.g. C fluxes

ïEO data as constraint to modelling

ïCan assimilate products

ÅBUT uncertainties traditionally poorly described
ïECVs have important requirements in this area

ÅaǳŎƘ ǊƻƻƳ ŦƻǊ ƛƴŎƻƴǎƛǎǘŜƴŎȅ ƛƴ ΨƳŜŀƴƛƴƎΩ ƻǊ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ 
parameters



Rationale:EO-LDAS (ESA STSE)

άLƴŎƻƴǎƛǎǘŜƴŎƛŜǎ ƻŦ ǇǊƻŘǳŎǘǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ŘƛŦŦŜǊŜƴǘ ǎŜƴǎƻǊ 
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 initiated for the 
development of a generic Earth Observation - Land Data 
!ǎǎƛƳƛƭŀǘƛƻƴ {ŎƘŜƳŜ ό9hψ[5!{ύέ

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



EOLDAS

Å2009-2010

ÅSupport to Science Element (STSE) of 9{!Ωǎ
Earth observation Envelope Programme.
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9{!Ωǎrequirements

Å LƳǇǊƻǾŜŘ ǊŜǘǊƛŜǾŀƭǎ όǊŜǇƻǊǘŜŘ ŎǳǎǘƻƳŜǊ ŘƛǎǎŀǘƛǎŦŀŎǘƛƻƴ ǿƛǘƘ ΨǇǊƻŘǳŎǘǎΩύ

Å Tools for working with constellations of imaging sensors (Vis-NIR)
ï Importance of consistent retrievals

ï Therefore important to assimilate radiances, not products

Å Tool for catching calibration drift
ï or cross-calibration in a constellation system

Å provide a prototype and a case study.

Å 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.

Å The LDAS should contribute towards the development of an OSSE scheme.



Requirements: Users

ÅESA, and other agencies
ïNext generation retrieval methodology
ïAnalysis of observing systems OSE, OSSE
ïPrincipal interest is the data

ÅScientists
ïBetter understanding of physical systems
ïPrincipal interest is the model

ÅPotentially, operational end users
ïEg in agriculture
ïPrincipal interest is the geophysical parameter



Requirements: Use Modes
ÅPhysical Modelling
ïAimed at scientists as users ςpossibly later on operational
ïFocus on the process model
ïInteractive, toolkit mode
ïCapability to substitute components

ÅConstrained Retrievals
ïAimed at space agencies as users
ïFocus on data best EO products
ïOperational mode

ÅExperimental
ïAimed at expert (in DA) users
ïFocus on the observing system & errors
ïHighly interactive mode



Assimilating products

Data Assimilation Scheme

(KF, EnKF, 4DVAR, etc)

MODEL

Assumptions

Observations

Observations

Assumptions

Assumptions

For example: soil moisture 

from SMOS and surface 

temperature from MODIS



Assimilating lower level products

Data Assimilation Scheme

(KF, EnKF, 4DVAR, etc)
Observations

Observations

MODEL

Assumptions

Observation Operator

Assumptions

Assumptions in the observation 

operator are made to be 

consistent with those in the 

model

e.g. reflectance, 

backscatter, etcé



Particle Filters

No available 

observations



¸Sequential

¸Smoothers

¸Variational

Nominal classification of DA



Particle Filters

ÅFully Bayesian 

ïNo underlying assumptions about distributions

ÅTheoretically the most appealing choice of sequential 
ǘŜŎƘƴƛǉǳŜΣ ōǳǘΧ

ÅOur analysis show little difference with EnKF

ÅPotentially requires larger ensemble

ïBut comparing 1:1 is faster than EnKF



Sequential techniques

ÅGeneral considerations for EOLDAS:

ïDesigned for real time systems

ïOnly consider historical observations

ïOnly assimilates observations in single time step

ïCan lead to artificial high frequency components



Variational techniques

ÅExpressed as a cost function

ÅUses numerical minimisation

ÅGradient descent requires differential

ÅTraditionally used for initial conditions

ïBut parameters may also be adjusted



3DVAR

ÅNo temporal propagation of state vector

ïOK for zero order approximations

ïUnable to deal with phenology



Variational techniques

ÅParameters constant over time window

ÅNon smooth transitions 

ÅAssumes normal error distribution

ÅSize of time window?

ÅFor zero-order case 3DVAR = 4DVAR

ï4DVAR for use with phenology model 

ÅAbsence of Q - propagation of P?



RAMI-3: heterogeneous canopies

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.



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



Mean NEP for 2000-2002

15 65

gC/m2/year

4.5 km

Flux Tower 1

Spatial average = 50.9

Std. dev. = 9.7

(gC/m2/year)



Why DA?

ÅEO product-based view

ïTraditional approach in EO was model inversion

ïInformation content of insufficient to estimate biophysical 
variables without prior information

ÅIll-posed problem

ÅAd hoc constraints

ïDA framework allows explicit statement of assumptions 
and treatment of uncertainties

AIM: derive physically consistent 

estimates of surface properties from 

multiple space borne instruments


