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Modelling of the carbon cycle in the
geoland project

® Overview of geoland/ONC

» Models used in geoland/ONC
> ISBA-A-gs /| C-TESSEL (Météo-France / ECMWF)
» ORCHIDEE (LSCE)

* Representation of land surface patchiness

* VALIDATION:
> LAI
» FaPAR
rp METEO » water flux comparison with operational models
AFRANCE » ground based flux measurements
W ECMWF » crop production

» Data Assimilation

Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

Overview

The geoland project

Operational Scenario

Regional Monitoring & Global Monitoring

Core Services

(B FrRance

A " " " L]

S ECMWE BUEEtve work Directive (Kyoto) -« Fightagainst (K

* Wetlands * Soil Protection F'Evertj? * Global Environme:
Initiative ._ Protection

Directives Implementation Policy Support
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Modelling of the carbon cycle in the
geoland project

Overview

The Observatory of Natural Carbon Fluxes of geoland

Partners

® Research partners: KNMI, LSCE, ALTERRA

* Service providers: ECMWF, Météo-France

» Associated user: LSCE

Objectives

* Kyoto protocol

» Transpose the tools used for weather forecast to the monitoring of vegetation and of natural

METEO
(b FRANCE carbon fluxes:
W ECMWF Near real-time monitoring at the global scale (ECMWF) based on
>»modelling,
>in situ data,

>assimilation of satellite data.

» Scientific validation of the system

Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

Overview

The products

* The terrestrial biospheric CO, flux at the soil-vegetation-atmosphere interface
» The water flux at the soil-vegetation-atmosphere interface

» The vegetation biomass

» The leaf area index

* The root-zone soil moisture

» The carbon storage.

SPATIAL RESOLUTION: Y2 degree

| METEO The anthropogenic fluxes are not accounted for here: to be

o R treated in atmospheric analysis projects (e.g. GEMS).
The fluxes produced by geoland will be used by GEMS.

Jean-Christophe Calvet
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Modelling of the carbon cycle in the m
geoland project

Overview

The products

Jegetation Biomas?
(above-ground green
and wood)

Leaf Area Index

(B FrRance

l g
¥ ECMWF

STRONG PHYSICAL LINKS BETWEEN THE PRODUCTS:

All these quantities interact and need to be fully
consistent, i.e. produced at the same time by a
physically-based model

06.09.2005
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Modelling of the carbon cycle in the \ ' -

geoland project

Overview

Usefulness of remote sensing data

» Land use maps (e.g. ECOCLIMAP)

» Analysis of the above-ground biomass by assimilation

» Model error =» Bias reduction

» Atmospheric forcing =>» Precipitation + Radiation
rp METEO * Model parameters =>» Assimilation
o~  Scalingissues => Tiling

W ECMWF

06.09.2005 Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

Overview

Maturity

 Assimilation of Ta & ga to analyse soil moisture already operational at ECMWF
and Météo-France

» Assimilation of NDVI to analyse vegetation biomass is well advanced at LSCE
* ELDAS FP5 project

» New versions of operational land surface models are able to simulate the CO,

ClEA fluxes

l g
¥ ECMWF

a¥ *Modelling: ISBA-A-gs at Météo-France, ORCHIDEE at LSCE, both involved in
the PILPS-Carbon international intercomparison exercise
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Modelling of the carbon cycle in the
geoland project

= - =S < > = RﬂzRGL-RCL=H+LE+G

H LE
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Land-surface modelling: the energy budget
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Modelling of the carbon cycle in the
geoland project

Models

C—\ AW=P-R-D,,-E

RO Precipitation
Transpiration
Interception

Soil moisture gDrainage

Runoff
>

W)

Land-surface modelling: the water budget

Observatory Natural Carbon Fluxes

Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

The stomatal aperture controls the ratio:

Transpiration Photosynthesis/Transpiration
Photosynthesis“

according to the environment conditions

Light, temperature air humidity
soil moisture ~ atmospheric [CO,]

Respiragon

(B FrRance

ECMWF Glucides

Land-surface modelling: the role of stomatal control
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Modelling of the carbon cycle in the
geoland project

ISBA-A-gs (Calvet et al. 1998-2004, Gibelin et al. 2005)

A new version of the operational SVAT of Météo-France

C-TESSEL (Voogt et al. 2005)

A new version of the operational SVAT of ECMWF,
based on ISBA-A-gs

ORCHIDEE (Krinner et al. 2005)
A research dynamic vegetation model with a high level of complexity

J -Christophe Calvet
Observatory Natural Carbon Fluxes San-LAMSIophe Lave
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Modelling of the carbon cycle in the b ! I-
geoland project

‘ 1

LE, H, Rn, W, Ts...

—

ISBA-A-g, / C-TESSEL are CO,-responsive land surface
models, new versions of operational schemes used in
atmospheric models

(B FrRance

l g
¥ ECMWF
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e
Modelling of the carbon cycle in the

geoland project

Atmosphere

Meteorological variables

LMDZ

Prescribed or calculated by General Circulation Model

rainfall,temperature, solar radiation, Sensible and latent heat fluxes,albedo
CO2 concentration... roughness, surface temperature, CO2 flux...

Biosphere
@REH D B
1]
STOMATE LAl,roughness,albedo SECHIBA
. . >
VegCetaglon andI soil - Energy budget
oil profiles o

arbon cycte water and thperature,GPP Hydr_l(_)logy

Prognostic phenology and allocation PhOtosynth eSis

= At=1 hour
NPP, biomass, Vegetation types
litterfall ... biomass

Vegetation distribution

LPJ

Prescribed or calculated by Vege[g{]igm\ﬁodel

At=1 year

ORCHIDEE is aresearch dynamic global vegetation
model

Jean-Christophe Calvet
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Modelling of the carbon cycle in the T e

geoland project

ISBA-A-gs / C-TESSEL

Photosynthesis

« SVAT approach (time step = minutes)

 Biochemical approach (explicit simulation of
photosynthesis): Jacobs et al. 1996

* Big-leaf but radiative transfer within the canopy for
photosynthesis and stomatal conductance

Jean-Christophe Calvet
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Modelling of the carbon cycle in the m
geoland project |

ISBA-A-gs / C-TESSEL

Photosynthesis

Other global models using
a biochemical approach:

SiB2 (Sellers et al. 1996)
IBIS (Foley et al. 1996)
BATS (Dickinson et al. 1998)

p| METEO MOSES (Cox et al. 1998-2001)
~ BETHY (Knorr 2000)
s ECMWF ORCHIDEE (Krinner et al. 2005)

Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

Soil water stress

ISBA-A-gs / C-TESSEL

» Key parameters of the photosynthesis model are affected by drought:
the well-watered value are adjusted by using the Soil Wetness Index (SWI)

» 2 possible strategies: drought-avoiding / drought-tolerant:
DROUGHT-TOLERANT

In(g,, (mm s%))

In(gy, (mm s1))

DROUGHT-AVOIDING

Crops, Grasslands

=1 (unstressed)

SWI= 83

IN(Dpax (9 kg™))

In(gy, (mm s))

IN(Dpax (9 kg™))

Trees, Shrubs

SWI= g,

SWI =1 (unstressed)

In(g, (Mm s))

SwWi=1

T (unstressed)
SWI= 6,

Observatory Natural Carbon Fluxes

Mesophyll conductance g,
Max leaf-to-air saturation deficit D

max

Mesophyll conductance g,,
Max C; coupling factor f,

Calvet 2000, Calvet et al. 2004
Jean-Christophe Calvet

Météo-France
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Modelling of the carbon cycle in the

geoland project

ISBA-A-gs / C-TESSEL

Respiration

» Ecosystem respiration is calculated
by using a simple Q,, function
depending on soil temperature

this is enough to calculate a net CO,
flux but NPP cannot be simulated

 Autotrophic respiration is calculated
for the above-ground biomass only

» Heterotrophic respiration is not
explicitly calculated in the present
version

Amipaphars
Lual grass pholosynthesis, By T A A
R Aulgtraphiz
Protaresgiration = = " respiration
Laaf nat photosynthasis, Pﬂ_—(—t:‘h Leal ragpiration
Gross prmary production, GPP—=LD (e Nonden: shoot meciation
Met primary produclion, NP e = [ Feot & mycorhizal
[= nesw-maledal growth ratg) EEEEEE respirtkn
Leal = Hederoiraphic
respraton
Nor-leaf shao o
- - ol-giaface
parts — c0, elllux

v

Roots

S
-CI::'\-C-'\-:I-CH-C|'\C-'\-:'Cﬁﬁ.‘{ﬁhn’{l{hﬁl{ﬁﬁl{ﬁ,ﬁﬁl-;h,n'\-..'-;l-;n"-,ﬁ.J—;I-.:-.i-..l-:l-.n'\-..l-:l-.n"-,.l-_l-

Gifford 2003
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Modelling of the carbon cycle in the
geoland project

ISBA-A-gs / C-TESSEL

Allocation

» The active biomass (= leaves) is a reservoir Net assimilation of C
fed by the net CO, uptake by leaves

(i.e. An = Photosynthesis — Leaf respiration).

It looses carbon following an exponential law
whose e-folding time depends on the daily
maximum An (parameter = max leaf span time).

» The above-ground biomass (non-woody) is
[p) METEO derived from the active biomass:

e » Growing period: a logarithmic nitrogen
dilution equation is used

» Senescence: respiration losses and
exponential decline

Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

ISBA-A-gs / C-TESSEL

Phenology

« LAl is linearly related to the active JUR—— C3 gross — Leof Areq ndex
biomass (parameters = leaf nitrogen

concentration and 2 plasticity e
parameters) 13
* A minimum value of LAl is prescribed :
(e.g. 0.3 for annual vegetation), 0

. . JEMAMJSJASDND N WA JASCGHNDJ FMAMI JASONDJ FMAMJJASOND
permitting a self restart of the vegetation
when photosynthesis becomes active

d POSSlblllty tO CUt the VGgEtathn or tO IIIIII |rr|ggted Eummer cmp [:CDFI"I) - Leﬂf Areg |r|dex IIIIII
ry VETEO maintain LAI at its minimum value, for
FRANCE agricultural applications

l g
¥ ECMWF

MAM/YASONDJ FHAMJ JASONDY FMAMS JASONDJFMAMJJASOND

Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

ISBA-A-gs / C-TESSEL

Phenology

Merits of this methodology

« Simple
 Leaf onset and offset dates don‘t have to be prescribed

(permitting to simulate the interannual variability and climate
change effects)

* No use of empirical degree-day sums
(all the factors are accounted for, not only temperature)

(B FrRance

Other models using this approach
c ECMWF

AVIM (Ji 1995, Dan et al. 2005)
STEP (Mougin et al. 1995)

06.09.2005 Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

ISBA-A-gs / C-TESSEL

Parameters at a global scale for the
ECOCLIMAP vegetation types

Photosynthesis Allocation/Phenology
Vegetation type Om 9. 0. T LAILin e f N,
(mms-) | (mms-?) (d) (m?m) (m%kg* | (m%kg™) (%)
%-1)

C3 Crops 1 0.25 0.3 150 0.3 3.79 9.84 1.3

C4 crops 9 0.15 0.3 150 0.3 7.68 -4.33 1.9

C3 grasslands 1 0.25 0.3 150 0.3 5.56 6.73 1.3

C4 grasslands 6 0.15 0.3 150 0.3 7.68 -4.33 1.3

Coniferous forests 2 0 0.3 365 1 4.85 -0.24 2.8

‘] METEO Evergreen forests 2 0.15 0.3 365 1 4.83 2.53 25

FRANCE
PN Deciduous forests 3 0.15 0.3 230 0.3 4.83 2.53 2
¥ ECMWF T T T T
Mesophyll  Cuticular Max leaf Leaf N
conductance conductance span time
Critical SWI N Plasticity parameters

Gibelin et al. 2005

Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

Spring crep Winter crop

2001 2002 2003 2004 2001 2002 2003 2004

I
7

\/!

Flug {gc m™= ¢}
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I
|
Flux {go m~* 4™
|
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|
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JFMAMJJASOND JFMAMJ JASONDJ FMAM] JASONGJFMAKMJ JASOND JFMAMI JASONDJ FMAM] JASONGJ FMAMJ JASONDJFMAMY JASOND
Roinfed surmmer crop {corn) Irrigated surnmer crop {corn)
8 AL e e e TN e e B e
o 2001 2Q02 2003 2004 = 20m 2002 2003 2004
L [ - = 10 L .-- - 7
Gl P i ITLEE o . S et N T
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Deciduous broodleof forest Coniferous forest
Tl L LI o o o DL O F LA o o o
o~ 2001 2002 2003 2004 = 2001 2002 2003 104
= 10 . . el - 10 . S _
‘] MET%CE) E < - s £, ] P AS X —
P 5 - T X . . 3 101 - -
= I SO I
N ECMWF a .
JFMAMJJASONDJ FMAMJJASONDY FMAMJ JASONDJFMAKMJ JASOND JFMAMJJASONDJFMAMJJASDNDJ FMAMJ JASONDJFMAMJJASOND

Example of Carbon flux simulations by ISBA-A-gs for
Southwestern France (Toulouse)

Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

ORCHIDEE

Photosynthesis * Biochemical approach (Farquhar, Ball & Berry)
Autotrophic « Maintenance respiration: linear response to temperature (Ruimy et
. . al.), and possible adaptation to climate change
respiration » Growth respiration: a fixed part of net assimilation
Heterotrophic * CENTURY-like model
respiration
Allocation « Allocation to leaves/stems/roots function of resources: water, light,
nutrients (Tilman 1998)
* 8 pools of living biomass
Phenology » Degree-day model for leaf onset, accounting for soil moisture, tuned
at a global scale by using satellite data
» Senescence: soil moisture and temperature are accounted for
T METEO
FRANCE
P Competition « Grass/tree competition and competition between tree species
¥ ECMWF described in LPJ
Fires * Fire occurrence described in LPJ
Carbon storage * Litter (above/below ground, structural/metabolic, natural/agricultural)
» 3 soil organic matter pools (active, slow, passive)

Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

Representation of land surface patchiness

Q Usefulness of tiling

Herbaceous classes of ECOCLIMAP:
Mainly 4 ‘metaclasses’
type 1

(B FrRance

l g
¥ ECMWF

S. Lafont

06.09.2005 Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

Representation of land surface patchiness

O Usefulness of tiling

Herbaceous classes of ECOCLIMAP:
Fraction of type 2 can be high

o5

8 tiles:
o *bare soil (and rock/snow)
*Deciduous forests
oz *Coniferous forests
[P METEO *Evergreen forests
— egrass C3
s ECMWF egrass C4
ecrops C3
: . ecrops C4
S. Lafont

Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

VALIDATION: LAI

|SBA-A-Q“§N laiman {m*/mY — DCO — Mean [1866—1885]

Jalmox {.m.m - IRLSCPZ - Meon [mls—msa] ISLSCP-2

L]

SOHA -

[ -

ELLE B s

1 WE" 0 1208 B0 BOE 1206 =

EFS' B 120w BOW o BOE 1H0E

MODIS

2]

lalian (/o™ — ECOCLIMAP ECOCLIMAP
= . T T

(B FrRance

l g
¥ ECMWF

i

T EE] [17] b BOE I_%IlE ]

Yearly maximum of LAI
Gibelin et al. 2005
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Modelling of the carbon cycle in the b H
geoland project |

VALIDATION: LAI

E L] L] L) I:' T T T ¥ ¥
ECOCLIMAP 7

o ISLSCP-2
B4 =
&
5
£ - B
ks,

ﬂ F—

[ M -60 -45 =30 =15 0 15 30 45 60 75 90

o~ Latitude
ww’ ECMWF

Zonal mean of the maximum of LAI

simulated by ISBA-A-gs (mean 1986-1995), ISLSCP-II data set (mean 1986-
1995), MODIS data set (mean 2001-2004), ECOCLIMAP data set (climatology).

Gibelin et al. 2005

Jean-Christophe Calvet
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Modelling of the carbon cycle in the b H
geoland project |

VALIDATION: LAI

90N

GON | Rs
JOM A
EQ-

(B FrRance

l g
¥ ECMWF

Correlation of the monthly LAl anomaly (difference between
monthly LAl and the mean annual cycle) between ISBA-A-gs and
the ISLSCP-II data (1986-1995).
Gibelin et al. 2005
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Modelling of the carbon cycle in the b H
geoland project |

VALIDATION: LAI

4II1 T T T T T T T
"'rh ISLSCP-2
E :
89 ISBA-A-gs /
\E‘r LI
g
Lo e
1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

l g
¥ ECMWF

Monthly time series of LAI from ISBA-A-gs and ISLSCP-II
over Southern Africa [-35°N:-15°N, 10°E:40°E]

Gibelin et al. 2005

Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

VALIDATION: LAI

Sahel Southern Africa

et

241 F0.4 ]

Lo.3 201

. I 0.1 . I . :
2 :
'] [ ]
01 l-o 01 l -0

-8 :
[ -10 ’
B L-02
0.2 .
-161 & L]
03 _pg .
-0
-24 - -0.4
[B] MiAnce
1986 1087 1988 1080 1990 1981 1992 1003 1994 1995 1935 1087 1088 1080 1990 1991 1992 1003 1004 1995

l g
¥ ECMWF

Relative anomaly of LAI (%) versus precipitation anomaly
(mm d)
(blue boxes: ISLSCP2 ; red dots: ISBA-A-gs ; green bars: precipitation)
Gibelin et al. 2005

Jean-Christophe Calvet
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Modelling of the carbon cycle in the b H
geoland project |

VALIDATION: LAI

Start of growing season (decade) - ISLSCP2

Start of growing season (decade) - DCO

G0N

SON

180 170W 50W o §0E 120E 18

< I T - = T -
0 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 36
‘] METECCE) ISBA-A-gs ISLSCP-2

l g
¥ ECMWF

Start of the growing season (mean 1986-1995) simulated
by ISBA-A-gs and observed in ISLSCP-II

Gibelin et al. 2005

Jean-Christophe Calvet
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Modelling of the carbon cycle in the

geoland project

"';?.“ ':
N?
‘] FRER%CE) ORCHIDEE MODIS
g
W ECMWF
KNM 2003 FaPAR anomaly:
@ ORCHIDEE (2003-1972/2002)
L Arerra MODIS (2003-2000/2002) — Reinstein
T Ao R Eamin N. Viovy
Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

VALIDATION: water flux comparison with operational models

ISBA standard ISBA standard —ISBA-A-gs

90N

LE (W/m?) Moyenne [1986-1995] LE (W/m?) Moyenne [1986-1995]

P e |

.

BON - Bt i

R

| : ! ! A
305 - . W

180 120W BCW o 60F 120 180 180 120W 50W 0 60E 12E 180

0 200 40 60 B0 100 120 140 160 -20-16-12 -8 -4 -2 2 4 B 12 16 20

(B FrRance

l g
¥ ECMWF

Comparison of the evapo-transpiration flux (JJA)
of ISBA and ISBA-A-gs

A.-L. Gibelin

06.09.2005 Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

VALIDATION: ground-based flux measurements

Aver'age diurnal cycle (JJA)

]

m— ORCHIDEE

— EC measurements

(BR, BN,LO.HE.TH.WE} N
(HEHV,S0,V,WB)
{FLHY,NBND,TVI,20f)

{HK1,LW,UP)

tropicol EBF

temperote ENF
tempercle EBF
(CP,SKo0,5Ky)

temperote DBF
CJ ogriculture
(BV&PU)

C4 ogriculture
(ENC}

{ma)
boreal DBF
(6V)
bn-renl DNF

boreal ENF

8
3

C3 gross

-~
3
x

s FAANAAAANRNN

<%:AAAAAAAAA

LE

o _AAAAAJ\A_A_/\..AJ\

(umol/m?/mth) ’: -

(SH)

‘] METEO

rRANCE ZJ’ZVVVVVVM"’UVV

-2a818
0 1218240 8 1210240 6 1218240 6 1218240 & 1218240 6 218240 6 28240 6 1298240 6 1218240 6 218240 6 121824

l g
¥ ECMWF

Validation of the ORCHIDEE fluxes by using more than
30 FLUXNET sites: Average diurnal cycle

N. Viovy

06.09.2005
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Modelling of the carbon cycle in the
geoland project

VALIDATION: ground-based flux measurements

Average seasonal cycle

m—— ORCHIDEE - T
s 8
3 =
= EC measurements . = e w B Z - -
™ u.l'g w > 05- =] T 5 5
o L = A L = " [ o = =
e 20 Lw Lo Z o o = 3 E 3
3 °5% $¢ 32 £ 9 s gz A -
2 e E{é %:1__ EE _E’E_ 25 fo & &~ E‘g 8‘2‘
— o
£32 =2 28 =3I B8& 38 3z BB g2 BE 3E

R, 750

MI/m/mth) =S AN TN N\ S\ f\ _j\_ NG, T PN N

(MJ‘/nﬂ/mth} ’“:nf_‘ f\ f\ o f\_ J\ __f\,, A "k M
LE |
(MT/m?/mth) .:-«'ﬂv S By PN N g A e N A /\- A
METEO S~ ~e
O Sy T TN NNV Ay

W ECMWF

MJWMMMMWJWMMMMWJWW

Validation of the ORCHIDEE fluxes by using more than
30 FLUXNET sites: Average seasonal cycle

N. Viovy
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Modelling of the carbon cycle in the
geoland project

VALIDATION: crop production

COZ coz2 + cllmate coz2 + cllmate + management

F 7 TR

- r&/v( u:} ,
M}%%.é? 1

Evolution of production (tC/ha’y)

Yield (t.ha)
10
sl — CO2
m—— CO02 + climate
6 = CO2 + climate + managment
Yield statitics from FAO

4t

p METEQO 2}
FRANCE

 aa 0 1920 1940 1960 1980 2000
W ECMWF Year

1900-2000 crop production simulated by the STICS
module of ORCHIDEE over Europe:

the management effect
N. Viovy

Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

VALIDATION: crop production

Spring crop — Leaf Arsg Index

Spring wheat

JFMAMJJASONDIJFMAM ] JASCHND ) FMAMI JASONDJFMAMJ JASOND

Winter crop — Leof Area Index

Winter wheat

JFMAMJJASONDJFMAM) JASCOND ) FMAMJIJASONDJFMAMJ JASOND

(B FrRance

Observation for
P
W ECMWF - 5.9 4.6 o.7 Midi-Pyrénées

Wheat yield (t ha') estimated by ISBA-A-gs for the area
of Toulouse, by assuming a Harvest Index of 0.5
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Modelling of the carbon cycle in the
geoland project

VALIDATION: crop production

Rainfed aurmmer erop (corn) — Leaf Area Index

Rainfed maize

JFMAMJJASONDJ FMAMJJASONDJ FMAMI JASONDY FMAMJ JASOND

Irrigated summer crop {corny — Leaf Area Index

Irrigated maize

JFMAMJJASONDJFMAMJJASOND I FMAMI JASONDJ FHMAKJ JASAND
8 6 6 O 8 1 Observation for
- . . . Midi-Pyrénées

Maize yield (t hal) estimated by ISBA-A-gs for the area of
Toulouse, by assuming a Harvest Index of 0.5
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Modelling of the carbon cycle in the
geoland project

Data Assimilation

The variational approach

B Formalism: Minimization of a cost function
J(x) = J°(x) + J °(x

=% (X — xb) X = xP) + ¥2(y — H(x))T R (y — H(x))

X is the control variables vector Observations

y is the observation vector LA
H s the observation operator
< t
The analysis is obtained by the
minimization of the cost function J(x)
METEO B is the background error :
. . Analysis
(b Freance covariance matrix B y
f aa | . . m
S ECMWF R is the observation error
covariance matrix t
= Litteral solution for linear model :
xa = xb + K(y-Hxb)
with K = BHT(HBHT+R)1 L. Jarlan

Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

Data Assimilation

A simplified algorithm (adapted from Balsamo and Bouyssel)

B B’ i=Binit T 6B

init init™ “init init

From a perturbation of the initial

total biomass & B, ;, applied on
each model land grid-point.

Guess G
LAIG O - L AIS ()

A
LAI

t=0 1

0
I
I
0‘0

(b FREATN%% Guess G’

|

l g
¥ ECMWF

ozo
o‘o

:

= Numerical linearization of the observation operator H
L. Jarlan

06.09.2005 Jean-Christophe Calvet
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Modelling of the carbon cycle in the
geoland project

Data Assimilation

A simplified algorithm (adapted from Balsamo and Bouyssel)

Two main hypotheses have to be validated

*TL (linearity)

= Minimization of the cost function with a look up table ...

= ... + comparison to a sequential stochastic approach
(Ensemble Kalman Filter, not shown)

V\AA/V

(B FrRance

l g
¥ ECMWF

2D (horizontal decoupling) “ “
-

>

= Verified at our spatial scale ?

L. Jarlan
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Modelling of the carbon cycle in the
geoland project

Data Assimilation

Application to the SMOSREX fallow
LAI

6 | | * Obsenalons v Analysis of Biomass thanks
2001 : 2002 2003 | = After data assimilation: . . .
A o e — Befor cata assimiaion| 7O {n SiTU LAT observations
' | , (10 days analysis period)
_____________________________ AR
0 200 400 600 800 1000 1200
1. Biomass
» Perfect LAI correction
051 )‘% » Overall good Biomass
analysis (particularly in
“kaL 2 %{‘ oA .
d 200 600 800 100 100 2002)
(b FRANCE 0 > Low impact on w2
& comnr 01 (different LAL > different
w4 30% root water extraction and
KNMI 20 transpiration rates)
@ % 200 400 500 800 000 1200
Days since 01/01/2001

ALTERRA

06.09.2005
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Modelling of the carbon cycle in the
geoland project

Data Assimilation

Application to the SMOSREX fallow

*  Observations

— - Aerdalaassimialion | Apglysis of Biomass and

Before data assimilation

T o w2 thanks fo in situ LAT

/ L observations (10 days

______________________ AN A
S d kf '

O"‘ " | " | LT | I

0 100 200 300 400 500 600 700 800 900 1000

1. _ Biomass

o . > Perfect LAI correction
r #*

| 4
. B “\ 4™ > Overall good Biomass
o ﬁ“/a LI AA‘#—M #ﬁﬂfs,ﬁ* r J

0 100 200 300 400 500 600 700 800 900 1000 analysis

(b FRAnice 40 | w2 > High scattering of

oo R 30 & o s . «k\ﬁ analysed w2 ...
I ~_ > ... but w2 better in

agreement with observations
during high water stress
period

0. 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900 1000
Days since 01/01/2001

L. Jarlan
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Modelling of the carbon cycle in the
geoland project

* ISBA-A-gs / C-TESSEL (Météo-France / ECMWF)
» Roots
» Wood
» Soil carbon
» NPP

* Representation of land surface patchiness
» Regional applications (5-10 km) at Météo-France and LSCE

* VALIDATION:
» Test of C-TESSEL global simulations of LAI
» Test of ISBA-A-gs and C-TESSEL using the FLUXNET data

(B FrRance

NA¥ ECMWF e Data Assimilation

> ISBA-A-gs: Use of a 2D assimilation system over South-Western France using
SPOT/VGT data (1999-2005)

» Global assimilation of LAI products in ORCHIDEE and C-TESSEL

06.09.2005 Jean-Christophe Calvet
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Integrated GMES Project on Landcover and Vegetation

Thank you for your attention!

Contact: geoland coordinators:

infoterra

an EADS Astrium company

Infoterra GmbH

Jean-Christophe Calvet
+33 561079341

. & MEDIAS
Medias-France
calvet@meteo.fr
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