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Rationale i o | i

— o
. Choin 308 : st
* Major role of terrestrial Carbon s saw | | e
dynamics in global carbon balance. e
* Major impact of Land-Use Land-Cover Change o o
in the humid tropics on global carbon balance A revewor ot ond etaryscinces

« Critical knowledge gained from C flux tower network and process-
based ecosystem models... but difficult to directly upscale to regions

 Great spatial and temporal consistency of 10-y daily time series
of earth observation to describe vegetation types and their phenology

o “Africa: one of the weakest links in our understanding of the global
carbon cycle” (williams et al., 2007)
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Rationale for Central Africa

« Coarse estimation based on simplistic models

Gibbs et al. 2007

 CarboAfrica network still very sparse and started a few years ago

« Central African forests are the most pristine tropical forests with less
deforestation/degradation than in South America and SE Asia
the situation is changing...

 Need for quantitative assessment and prediction of carbon stocks
In the context of climate change and mitigation policies like REDD

but

Global land-surface models like ORCHIDEE need to be improved in
tropical regions where the seasonal/interannual variability of carbon
fluxes is still uncertain

Total carbon stock in terrest. ecosystem

Cameroon

Congo Rep.

Gabon

Eq.
Guinea

Cent. Afr. Rep.

Dem. Rep. Congo

Total country (State of Congo Basin Forest 2009)

5,251

4,758

4,557

448

5,840

27,928

Total country (Gaston et al. 1998)

3,131

2,822

3,892

349

3,740

16,316

Total country (Gibbs et al. 2007)
™ T

3,454-6,138

3,458-5,472

3,063-4,742

268-474

3,176-7,405

20,416-36,672
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Nasi et al.,State of Congo Basin Forest 2009
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Research Questions

Are Congo Basin mature forests absorbing or releasing C ?

 What is the net ecosystem productivity in Central Africa ?
What are the trends and their variability ?

e How vulnerable are forest carbon stocks in Central Africa to

climate change and direct human impact ? %
< |
« What should be expected from - . x‘ r
mitigation policies applied to both ’ P
forest deforestation and degradation 2
(Reducing Emissions from Deforestation and RC. .
Forest Degradation in Developping Countries) ? ol R
"‘"‘ .
ves (@) M RS Verhegghen et al. (UCH,

st \D/ UnRvERSITET M)
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Complex issues to be addressed thanks
to already existing tools and achievements

Congo Basin forest
characterisation

GlobCover Classification Module
Defourny et al. 2009

- lE de Wasseige et al. 2003,
: S Vancutsem et al. 2008
e 35-‘ e S
* . --‘."-.fl‘ e :
Vancutsem et al. 2008

Validated Global Dynamic Vegetation Model

Forest Cover Change Assessment
UCL-JRC  Duuveiller et al. 2008

Assimilation techniques for -
ORCHIDEE Verbeeck et al. 2008 | B10SPNere

%
¢l
KET LBA
2002 2004

Ciais et al. Nature 2005

STOMATE

ORoTrmER

»
P
«

SECHIBA

nergy balance
Water balance
Photosynthesis

I l\ :

Carbon balance
Nutrient balances

anthropogenic
Vegetation structure / effects
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« 10-y daily SPOT VEGETATION time series analysis for
- mapping regularly the land cover and the plant functional types
- quantifying the vegetation seasonality (LAI) and its inter-annual variability

 ORCHIDEE calibration using SPOT-VGT- derived vegetation parameterisation
- over the Amazon with and without Carbon flux measurements network
- over the Central Africa on a 1 km grid covering the 6 countries of Congo Basin
—Relative performances assessment of ORCHIDEE due to EO assimilation

» Development of a Land Use Land Cover Change model based on drivers analysis
to be coupled with the ORCHIDEE model

 Climate change / LULCC scenario definitions and model exploitation to assess
future carbon strock and potential impact of climate change and mitigation policy

St \/ UNyETET R BELSPO DAY - 6 MAY 2010



Overall flowchart

| Atmospheric | |Data set from 'P{iﬁg‘gm
forcings C flux towers o
T
| : Jr ¥ l : ¥
: — = — Calibrated VGT assim. | |VGT&C flux assim.
[J%?r?-a”y SPOT] {2y LG & PET o ORCHIDEE [—+in ORCHIDEE|——¥| in ORCHIDEE
VGT time series probab.maps it tpaned - Baisass
I |
. : Performance | |
EO time series | »| assessment ju—!
| distribution | AL
g 1 , Calibrated | | VGT assim.
10-y Bumt areasi_|_,{ Fire regime _{ o oRCHIDEE +in ORCHIDE
products distribution for Africa P
ORCHI D+E E
f—L VGT assim. &
Land Cover Multivariate LCC observ.
Change Maps analysis of in ORCHIDEE
90-00-05-10 LCC drivers for Africa *
r LCC model in
lcand-cover change optimised
D 'ufll‘lgﬁz?'_:tnf‘s 0 éFf’ — ORCHIDEE
| over Africa for Africa
: Model
Mmﬁ%m | Scenarios | expioitation
scenarios I anal YSIS &anﬁjiggs
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Atmospheric | | Data set from e
forcings C flux towers Ry
|
| l‘ r 1‘ | ¥
: — Calibrated VWET assim. I |WGTEC flux assim.
VGF timé saries| [| probabmaps []*] ORCHIDEE |~+fn ORCHIDEE| —— ' in ORCHIDEE
P ' for Amazon fior AmMazon | For Amazon
|
. : Performance | |
E($ tlme §e”esl - » assessment f—
| distribution | & vabdation
1 ] Calibrated | | VGT assim.
10-y Bumnt areasi_|_,} Fire regime |_1 o} GRCHIDEE (+n ORCHIDEE
products distribution Sor Africa for Africa
[}
L 4
VGET assim. &
Land Cover Multivariate LCC obsery.
Change Maps analysis of in ORCHIDEE
80-00-05-10 LCC drivers for Africa ¥
# LCC model in
GIS layers of Spatial . optimised
Driving Tat_:mrs LCC model CORCHIDEE
over Africa for Africa

i e Scenarios -
| scenarios J an alysis SELIE;;;J:;S
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10-y SPOT Vegetation Analysis

First multi-year land cover (LC) map for different epochs
=> LC-specific seasonality characterisation
=> L C translation into PFT thanks to LCCS

=> LC-specific Burnt Areas interpretation

Quality
control
stage ——
Mean Composite (SWIR, NIR, RED)
SPOT VGT assets

« Mean Compositing algorithm
providing smooth temporal profiles of
spectral reflectance

» Great radiometric calibration over 10-y
(< 1% over 3 years, < 2% over 3 years)
» Excellent geometric accuracy

(absolute location : RMSE 243 & 223 m)

» Several already derived products (CYCLOPES LAl,
FAPAR and L3JRC Burnt Areas)
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Land cover characterization from
3-y SPOT-VGT time series

Building up on the GlobCover experience acquired on 1-y Meris time series

tep O: A priori stratification

= Split the world in 22 equal-reasoning regions from ecological and remote sensing o 2
point of view R
- %

» Step 1: For each region, per-pixel (sup./unsup.) classification algorithm

= Homogeneous land cover classes o ‘*‘iﬂ i*”
» Step 2: Per-pixel temporal characterization n classei

= Robust temporal metrics computed per-object from 10-d multispectral composite NDVI ‘ /

and associated indices R (%) *ﬁ——m

 Step 3: Per-object classification algorithm

= Consistent unlabelled spectro- temporal classes
e  Step 4: Labelling rule-based procedure

= Based on best existing DB using classifiers of LCCS land cover classes (PFT)

 Step 5: Calibration

= Adjustment for specific labelling thanks to interactive calibration by a network of

experts ©
@k@e(
* Step 6: Independent Validation
& Ancillary

=> Productlon of maps of 1-km global VGT land cover data
o<t (@) ;5?.‘5, (99-01; 02-04; 05-07; 08-10)
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FAO-LCCS typology linking land cover to plant functional type

Common land cover
classifiers (LCCS)

- IL.I -‘.
Cover type/ life form | ey ¥
Shrubs
Herbaceous
Bare |
L : = Snow & Ice
‘\? A Artificial Leaf longevity
i‘ o . Leaf type Y e
f ., Translation yp @« ®
— Evergreen

Deciduous

Needle-leaved

Broadleaved

Terrestrial / aquatic+

Cultivated and managed/ regularly flooded
(semi-)natural i
Cultivated/ flooded
managed
UCL 4 TR, Herold et al., 2009)
e (B) T WSS (
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Vegetation temporal characterization per land cover
and per ecoregion from 10-y SPOT-VGT time series

LAI profile over 10-y TS Fire Regime from
Phenological metrics L3JRC products
Inter-annual variability Tansley et al. 2007

| .
-------

0.8 4

Lh 4

14 1

NDVI [ LAl / fAPAR

I 4 ¥ 10 13 16 19 22
Seasomal profile by period of 10 days § for 2000

=> Vegetation foliage phenology reference data set

0.8 @
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Overall flowchart

Atmospheric Data set from Ipiﬁﬂéﬂ;am
forcings C flux towers o
|
| ¢ r ¢ l L4
. Calibrated WGET assim. | VGET&C flux assim.
L*H‘tﬁ': S;'i:;; i 3'}“ﬁt§b&m2':g » ORCHIDEE [—jin ORCHIDEE[——* ~ in ORCHIDEE
P ki for Amazon fior Amazon | For Amazon
¥ |
Canopy Performance :
| i » ASSESSMEnt a—
*| S=asonaity =3 & validation
distribution Nl i L
2 _ Calibrated VGET assim.
10-y Burnt areas .| Fire regime »| ORCHIDEE F+n ORCHIDEE
products distribution Yor Africa fonatian
ORCHIDEE
VGET assim. &
Land Cover Fultivariate LCC observ.
Change Maps analysis of in ORCHIDEE
90-00-05-10 LCC drivers for Africa ¥
¢ LCC model in
DG.'S. Ia;;ersi[ of Spatial o] Optimised
ming ﬂ‘_? ars LCC model CRCHIDEE
aver Africa for Africa
T T LCC 'W Mo_del_
Mitigation . e;pémtat;un
sSCenarios J an:ligi:;s




ORCHIDEE

ORganizing Carbon and Hydrology In Dynamic EcosystEms

* Process-driven global ecosystem model

 Energy, Water, Carbone, N, balances

 Plant Functional Types PFT’s approach
e Computes its own phenology

dioan O/ v LSS BELSPO DAY — 6 MAY 2010



ORCHIDEE

Atmosphere e . seessesesersacatitiaiaenns
: Climatedata & : LMDZ-GCM :
« off line » 4 «on-line» .
precipitation, temperature, sensible and latent heat fluxes, CO, flux,
radiation, ... albedo, roughness, surface and soil temperature
Biosphere Sar
DRCHIDEE
phenology,
STOMATE roughness, albedo SECHIBA
Carbon balance P _| Energy balance
e 13 PFT’s Nutrient balances stomatal conductance, Water balancg
soil temperature and Photosynthesis
e Need spin-up water profiles
of C-pools LAl NPP, T
Vegetation type, biomass,
biomass litter, ... i
anthropogenic
Vegetation structure / effects
s prescribed : 3 Dynoric ol s
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Using SPOT data to initialize
ORCHIDEE

o Satellite data to initialize the model’'s PFT’s. (Land-cover
map) PFT composition of each grid point.

PFT1: bare soil

PFT2: tropical broadleaf evergreen forest
PFT3: tropical broadleaf raingreen forest
PFT4: temperate needleleaf evergreen forest
PFT5: temperate broadleaf evergreen forest
PFT6: temperate broadleaf summergreen forest
PFT7: boreal needleleaf evergreen forest
PFT8: boreal broadleaf summergreen forest
PFT9: boreal needleleaf summergreen forest
PFT10: natural C3 grass

PFT11: natural C4 grass

PFT12: agricultural C3 grass

PFT13: agricultural C4 grass

o\ wemme (555 BELSPO DAY — 6 MAY 2010



Poor availability of fluxtowers in Central Africa
=> methodological development in SAm
=> extension to Central Africa
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Variational data assimilation system

PFT composition .

ecosystem parameters climat NEE, H, LE

initial conditions €
| | yflux flux tower

| measurements
J(X) /
parameters I

: MI(X)
(X) | & _’@
- ORCADEE = [ z

Optimizer BFGS
[J(X) and dJ(X)/X }

Governing processes and parameters to optimize

s
-‘;.;:_
s
X
§

m Carbon assimilation — Kvmax, Gsslope, LAIMAX, SLA, Thetaleaf

= Autotrophic respiration —— frac_resp_growth, respom_T slope, resom_T ord
= Heterotrophic respiration ——— Q10, Hc

= Plant phenology —» Kgdd, Leafage

= Hydrology — > Soildepth, root profile

== i BELSPO DAY - 6 MAY 2010



‘ unterlntumve seasonal NEE patterns

Saleska et al. Science, 2003 e Moisture effect on

respiration dominates over
GPP

o alrmaspheng)

kg © ha™ month
ds
&N
t=]

NEE {fhx

e Deep rooting, deep soil
columns with high water
storage

&
-]
-]

e Hydraulic redistribution

* Phenology/photosynthetic
response to high light levels

VLA W AR during dry season
et \7/ npmmen S BELSPO DAY - 6 MAY 2010



Fontainebleau: decideous forest

observation

prior
posterior fAPAR assimilation
flux assimilation PSPOT3
£ WRMSE= 1.58 L . S
9 2 ; q o 1."'\‘\_
©
S ] 0y
L ~ C
LLl c -2t -2
zZ < C
% —4r —4 RMSE= 1.60
N g RMSE= 2.75
1.0[ VO e
EEE G,Bg — 0.8k
% 'U'E ! ] 0.5
Q.41 i 0.4F
0.2 E-F|—|—|-+-H-+ RIMSE= 0‘1?—: *REMESE= D.’]ﬁ%
F RMSE= 0.167 0.z | | +*RMSE= 0.07]
o 1400 200 300 a 1430 200 3ac
Daws Davs

v'strong decrease of the carbon uptake during the growing season
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Fontainebleau: decideous forest

observation

prior
posterior fAPAR assimilation
flux assimilation In Situ
£ WRMSE= 1.58 e ]
g
W ==
W E
)
2
0 d G,B: .
E i ]
._,<£ Cl,rS:
a.4r ++_g
0.2 i+ BMSE= 0.17 0.4 F RMSE= 012
r . . RMS!—Z= 18] [ I*HMSE= D.IDE .
a 100 200 300 ] 100 200 300
Days Days

v'better agreement between ORCHIDEE and the various in situ data

UCL 4\ .
:;:;:: fﬁ | m H ;ﬁ.’i‘-::., 1
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Recent improvements of
ORCHIDEE

Forest management
module

§4§ 9

Forest ... ;

e Temperate
Assimilation .ﬂi \
Of variables LCrops i

: Tropical

implementation

Pasi

grassland
EE:E."IE f\g} m .;*&-l-.-
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A Forest Management Module for ORCHIDEE

ORCHIDEE, standard version

infall, i
ot Biosphere ORCAIDEE
concentration, ...
STOMATE Rt SECHIBA
Vegetation and soil Energy budget
Carbon cycle Hydrology
+

Prognostic phenology and .
allocation, constant mortality Soil profiles of Photosynthesis

Atmosphere i water and temperature, At=1 hour
(prescribed or : ﬂ GPP

simulated by a GCM)

NPP, biomass, Vegetation types
litterfall ... biomass

sensible and latent heat fluxes, Dynamic General Vegetation
albedo, roughness, surface model)
temperature, CO2 flux... :

UCL 4 . .
Eﬁ \@f LH'-'ERETEIT gﬁ’ % 0000000000000000000000000000000000000000000000000000000000 BELSPE BAY - 6 NMAY® 201.0



A Forest Management Module for ORCHIDEE

ORCHIDEE, coupled with FM module

rainfall, temperature Biosphere ORCH IDEE

solar radiation, CO,
concentration, ...

LAI,
STOMATE
Vegetation and soll for 15 years after a clear-cut

. Carbon CyC|e *  Age-related decline in NPP

Prognostic phenology and - -

: allocation. - o Soil | (LAI_max limited by height and

Atmosphere : . water anc v_max declines after 50 years)
(prescribed or : ﬂ 1, | * 2.5% of branches die each year
simulated by a GCM) %,
« NPP, biomass, Vegetation types b, ’ <‘§'
litterfall ... biomass %, Z

Forest management (FM)
*  Explicit tree distribution

*  Explicit mortality due to self-

sensible and latent heat fluxes, Dynamic General Vegetation thinning and human thinning

albedo, roughness, surface . model) « LAl limited by thinnings
temperature, CO2 flux... :

UCL ; E = .
Eﬁ ng UNPYESSTET W/ zr% % cecccccsssccccceccccccssssssscceecccccsssssscsceccccc0n0 s BEL SPEr PRY - 6 MAY® 2010



Project structure

Atmospheric Data set from IPE:%E{;I:;;&L&
forcings C flux towers A aﬁ e
|
| L ¥ 1‘ | ¥
. Calibrated WET assim. | YWETA&C flux assim.
L*Eﬁiﬂ': f;'i:;; . 3'}“ﬂt§b&mF;F; » ORCHIDEE [—jin ORCHIDEE[——* ~ in ORCHIDEE
P ki for Amazon fior Amazon | For Amazon
¥ |
Canopy Performance :
» seasonality —| ] gsigﬁ;g,:;r:: =
distribution M b i
2 _ Calibrated VET assim.
products distribution for Africa frit Africa
[}
L
— — VGT assim. &
Land Cover Fultivariate LCC observ.
Change Maps analysis of in ORCHIDEE
90-00-05-10 LCC drivers for Africa ¥
T : LCC maodel in
lkand-cover change optimised
Driving factors |
J e 0 éTE model CRCHIDEE
| over ﬁfrlpa | J for Africa

LCC EK;:[?;S;IMH
Mitigati ’
s & Resulis
analysis

sSCenarios
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Land Use Land Cover Change
Modelling

« Carbon emissions from land-cover change are
equivalent to about 30% fossil fuel emissions.

e Deforestation - degradation rate are best measured by HR data
- Gross Deforestation: 0,21 % / yr .
- Net Deforestation: 0,16 % / yr
=> 46 000 km?in 15 yr
- Degradation: 0.09% / yr

- Fire occurrence simulation parameterized with
SPOT-VEGETATION burnt areas product

UCL g‘ e
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Forest cover change detection (+ forthcoming Figures from OFAC)

Smmme DISTR:E':IEON Dl:?nfazgﬂﬁﬂ CHANGE PROCESSES SPATIAL DISTRIBUTION D'F.FDR’EET COVER CHANGE PROCESSES
area . e

sample o 50 - 500 Changed area 1000 - 2500

persempelne] @ so0- 1000 @ 2500 -s000 DEFORESTATION  Persampiena]  © 50-500

@ 500 - 1000

2500 - 5000 REFORESTATION

i
BT
i

't..- ol

Wi gl 3 L o ¥4 : A
SPATIAL DIETRlEUTlON CIF FUREET GGVER CI‘HNGE FRQCE$$E$ SPATIAL DIsTRIELI'I'ICIH DF FD'HEST I:DVER CHANGE FHDGESSEE‘
Changedarea  ° <50 @ 1000 -2500 Changedarea  ° <50 (@ 1000 - 2500

< 50-500 .
PrTPelel @ soo- 1000 @zsom-soc  FOREST DEGRADATION *7*™eP & X% @usco-so0  FOREST REGENERATION

(UCL — Duveilller et al., RSE 2008)



LULC change modelling

a predictive model allowing to account for forest
deforestation/degradation based on current LC
change observations and future estimates.

A
£ . i | 1
@l e ti®it e : :
T "ﬁ?‘ o GIS information
LR 'Q'b seides ,g- (including new pop. map,
‘i . o ‘g- 3 oha’ .j‘ river/road accessibility map, legal status,...) Cellular Automata
¢ & n'a‘r“‘ !‘2.“ Markov modelling

DEFORESTATION * + @ + approach combined

with a multivariate

Shalb S o change drivers
G O o '.-

S0

DEGRADATION

,UCL O L %I
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Infrastructure i Agricultural expansion Wood extraction ' Other factors
3 m Transport € - - ; ® Dishance a3 20Res ® Commercial i » Ervironmental factors
% | Densité des routes, distance agricoles Présence de concessions - - i » Perte, fragmentason,
G | minimale aux routes, ® Fuelwood, Polewood distances aux fleuves
E longueur des mates. ® Distance aux zones de Prézance de fords ] et _HUIEIES._ _
[ . complesoe mural dégradées Ir 8 Biophysical drivers
E : |
g ; 'ﬁé_se-nce de zones | l i Social trigger events
a ' i dgricoles ¢l de . I Zones de confits,
' i complesxe mral i I Lo o
' ! i I : camps de refuges.
V fo—mmmmmes R — i : !
o= | !
] 3 o
: I
i M e e e e do e 1
] []
] ]
I i
! | ]
| |Economic factors Cultural factors Palicy and p Demographic factors ¢ |- -
1 institutional factors ;
i |= Marketgrowthand | |= Public attitudes, o L bl
, commercialization values and beliefs » Formal policies Densité de populstion,
1 ] !..lrh.mi?_,at_iﬂn_and ® Policy climate augmeritation de la
: industrialization s Individual and ® Property rights population enfre 1990 et
j | Distnce 2ux 2ones household behavior | | e o 2000,
I urbaines, distance aux prot=g B Settlements
: willes {rural and urban)
] 1 ¥
L. 1w Private company Distance aux villes, densité
- - de villages
Prézence de mines

Underlying causes

From on-going FAO/UN-REDD Drivers analysis in DRCongo (Delhage et al.)
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Atmospheric

forcings

.

¥

Data set from

C flux towers

IPCC Climate

change
scenarios

analysis

. Calibrated WiET assim. WGETAC flux assim.
L[Eﬁiﬂ S;gs i S_EQEEb&mPaFL » ORCHIDEE [—jin ORCHIDEE[——* ~ in ORCHIDEE
P ep for Amazon for Amazon I For Amazon
* |
Canopy Performance :
+ seasonality ] a;:gﬁ;g:;?—: "~
distribution M b i
2 _ Calibrated VET assim.
1'[]"5I' Burnt areas .| Fire reqime » ORCHIDEE n ORCHIDEE
products distribution for Africa
L
YVET assim. &
Land Cover Fultivariate LCC observ.
Change Maps analysis of in ORCHIDEE
90-00-05-10 LCC drivers for Africa ¥
¢ LCC maodel in
DG'IS' Iag;ers of Spatial optimised
mving Eme LCC model CRCHIDEE
aver Africa for Africa
ﬁ Model
A Initation
Mitigation : o EXP
| scenarios I Scenarios E;HR;?:E




Climate change scenarios

2020-2029 2090-2099

=

low growth (B1)

Climate data like temperature,
precipitations and atmospheric
CO2 concentrations will be
used as external forcings in the
model. Three different “future
climate” IPCC scenarios will be
considered. Future climate
forcings will be obtained from
the IPSL coupled climate
model.

high growth (A2)

Surface Temperature Change (" C)
0 1 2 3 4 5 & 7 g

IPCC Fourth Assessment Report (2007)

UCL & 1 B
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Land cover change
scenarios

In the context of the REDD initiative, a precise definition of
deforestation scenarios is currently undertaken. Unlike other regions,
the “business-as-usual” scenario for Central Africa is rather
unrealistic as deforestation rates have historically been very low.

We shall distinguish 3 different scenarios:

 REDD (same as present situation)

» Small increase principally due to population growth

 Large increase due to both population and economical growth

L ¥ -
— 1 ¥ — 2 b - - 2 . L T
= - " e _ < Tt il FTR _-_ﬂ' -
}

Forest cover

Ca

TR
i

= L-
e 4 -
P

Scenario B Scenario C
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Perspective

VEGECLIM is a great opportunity

to fully exploit the full SPOT VEGETATION TS 10-y after launch
andto prepare PROBA-V mission exploitation

to better bridge the gap between the Carbon modelling community,
EO community and LULC modelling community

to provide a significant Belgian contribution to the post-Kyoto
REDD discussion with regards to Central Africa
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