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The CarboEurope EU Project : Elucidate the |

Carbon Balance

Component 1: Carbon fluxes over representative ecosystems : long term CO,

fluxes measurements over forest, grasslands, crops

Component 2: Atmospheric Observations network for [CO,]

Component 3: Regional Experiment

- Regional CO2 budget over SW of France : the Hapex-Mobilhy area

modeling

\

- Database of fluxes, concentrations, remote sensing for local to regional

~

/

Component 4: Spatial integration and assimilation : inverse modeling to retrieve

carbon sources and sinks
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Why CNRM was involved in carbon budgetAi

« Atmospheric CO, in interaction with
land cover through photosynthesis:
vegetation is a sink

« Anthropogenic emissions are the
main sources

| + CO,and H,0 fluxes are linked
pecill  through the stomata aperture

O it § B of CO,
g =

R Y S— ; -> improving CO, fluxes to improve
N ieaRa ‘:Z';? M 8 \Litterfall Y. s e - HZO fluxes

3 Microbial
respiration and
Soil carbon decomposition i Heterotrophic

fe Lo of Carbon dioxide enters, while water and
Coz, oxygen exit, through a leaf's stormata.

Fossil pool
(10,000)

Dead Wood

, Root mortality
C"’ and exudation

Credit: Office of Biological and Environmental Research
of the U.S. Department of Energy Office of Science.
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-> the HAPEX-MOBILHY Experiment (Andre et al., 1986) !
-> South-West of France :
- well known for met. modeling * Noilhan et al., MWR, 91
- a good candidate for the Regional Experiment ° Noilhanand Lacarrere, J. Climate, 1995

 Noilhan and Planton, 1989

* Noilhan et al., J. hydrology, 1997
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B urban areas

Regional Experiment 2007 Experimental network summer crops
winter crops

I market gardening
I vineyarg
I el
deciduous forest
complex cultivated paterns

B coniferous forest Maize: Alterra fluxes+
B rocks Amsterdam Univ. RASS-
-Eztauanes SOdar

. Le Bray (coniferous forest)
’ Bilos (young trees)

Cape Sud (maize) Fluxes + R: —

o Marmande (maize) Fluxes M“}r‘

+ RAB3-30DAR

45.8°-1.80°

INRA : vineyards,
forest, maize...

{ D Auradé (sunflowers)

oLarn clwheat)
@ LeFauga ffallow)

OSt—Sardos-(rnaizej /A 1 : j It A G A
X\ [co2) Bsearsse twoasy N iNtEr crops : CESBIO

‘ energy budget U profilers A CO2 concentration
and COZ fluxes, met parf [8Q2] Bellegarde

— 3A |bimet Morth leg
O La Cape Sud RS (. Toulouse RS SA Alterra South leg A[COE] M Nmande

Central Site:
CNRM / INRA

Biscarosse + West ]l | :
Toulouse (2007) e ad] ' CNRM : fallow
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The CarboEurope Regional Experiment IOPs

Types of Observations MAY-JUNE 2005 APRIL 2007 SEPTEMBER 2007
22 days 6 days 8 days
128 RS + 11 BVC 19 RS 22 RS
Toulouse + La Cape Sud Toulouse Toulouse + La Cape Sud
23 flights 0 0
3 flights South 3 flights South
10 flights 19 ! 19 !
8 flights Landes 8 flights Landes
52 flights 11 flights 4 days of measurements
0 11 flights 7 days of measurements
15 flights 0 0
5 3 3
. Biscarosse, Bellegarde, Biscarosse, Bellegarde,
Biscarosse, Marmande
Marmande Marmande
10 8 8
(St Sardos, Le Fauga from (St Sardos, Le Fauga from
CNRM) (St Sardos, Le Fauga from CNRM) CNRM)

\ ONERA
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- ECMWEF analysis for LB forcing, met. and surface moisture initialisation.
« CO, anthropogenic emissions from Stuttgart Univ. at 10 km

 Land use : Ecoclimap v3 (Champeaux et al., 2005)

» Grid nesting 2 ways with 2 domains at 10 and 2 km resolution

Landes

pine forest

62 classes of vegetation: Ecoclimap processed
from CORINE 2000 and Vegetation NDVI. Anthropogenic emissions

Anthropoegenic CO2 emissions 12H

oA AP

10
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Atmospheric CO, modelling

Online coupling between Meso-NH and the surface scheme ISBA-A-gs :

* CO, surface fluxes = assimilation + respiration + anthropogenic emissions+oceanic
exchanges from the surface to the atmosphere

* Feedback : CO, concentrations from the atmosphere interacts with the surface

Meso-NH

Surface

LE, H, Rn,
v W, Ts..
ISBA-A-g,
' | co, Flues
—
Noilhan et al. 89
Calvet et al., 98 Anthropogenic
Sea
_omera




Large ABL Height and [CO,]

discrepancies between the forest and the
crops area
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Improving surface scheme using CO, data (S_

2008Db)

e

= 19-23 April : 5 days of simulation de 30H, re-initialized every day at 18UTC

= 8 km de resolution

(" )

= East-West gradient every day

= Underestimation of the CO, concentrations near Toulouse due to too high
LAI and CO, assimilation in the model

\_ )
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Improving surface scheme using CO, data

AFTER LAI CALIBRATION
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425 I T T T T T T T T T ] 5°m
a20f — l?[::ul ~ 4500
Al
= 415§ —{4000
E& 410 — 3500
.E 405 — 3000 E
E a00 2500 8
E 395 — 2000 E
o~ 390 1500
8 i |
385} ~ 1000
380 — 500
375k . " ; ! jo
80 84 88 92 96 100 104 108 112 115 120
Houwr (UTC)
o)
L2H30 1630 LLLG,
425 - T T T T T T T N 5°m
: o—o Obs -
420 " Model — 4500
E —— - At
_ 415 e B 4000
Earor ~ 3500
-g 405 ;_ —; 3000 E
£ 400 2500
e 13
2 395 {2000 2
é 3905— —21500
385 ~ 1000
380 — —2500
376L S ! ! I 1o
12 125 130 135 140 145 150 155 160 165 17.0
Hiaus U7ig

08HOO0 — 11H15 UTC

22-APRIL-2007 LAl colibration

425 C T T T T T T T T ] 5°m
E —< Obs E
420 ——  Model —|4500
At
4151 —| 4000
& a10- i - 3500
? 4050 ~ 3000
B E £
2 400 2500 8
T F T3
© 395 o v 2000 %
8 E ! .
o 3905 ! 1500
8 ¢ b"b*'d v ]
3851 bl > — 1000
¥ VT "
F ' Yy 3 . ' vy ]
380 E 1 1 \.' \J l” " W \lr \ E 500
5?5: |JH I_lJ 1 1 1 1 \'A_1| 1 :U
70 75 BO B85 90 9.5 10.0 105 110 115 120
Houwr (UTC)
<)
22— APRIL 200? LAl cahbrutlon
425F T ! ! 150600
E G0 Obs S
420 ——  Model —4500
E ——- At
4161 — 4000
§etor ~ 3500
2 405 —3000F
2 o = —
2 apoi " —2500 8
3 : S " ’ ] 2
g 395 R e —2000 5
(%3
o 3900 1500
o E ]
385 — 1000
380 500
375L L . . . . i 10
120 125 130 135 140 145 150 155 160 165 17.0 (@]
Hour UTC —

NERA

—

Ty




\

Z

Participation of 5 models: RAMS from Amsterdam Vrije Univ., RAMS from Alterra,
RAMS from CEAM, WRF from MPI, Meso-NH from CNRM

Experimental Protocol agreed on:

» Domain of simulation at 2km resolution

» ECMWEF analysis for initialization and lateral boundaries forcing

» Ecoclimap land cover including 62 surface classes, summer crops/winter crops

»CO, anthropogenic emissions at 10 km

Aircroft vertical profile 27051330 LACS Aircroft vertical profile 27051330 LACS
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First mesoscale inversion of CO, ca
sources and sinks (Credit: T. Lauvaux) METEO

LSCE FRANCE

2005: State-of-the-art CO, inversions only performed at global to continental scales
Introduction of the first mesoscale system (PhD LSCE-CNRM: T. Lauvaux)

Global re- CO, surface Global re- CO, surface scheme
analyses fluxes analyses (ISBA-A-gs)

| |
L

A 4
Coupled Mesoscale

Chemical Model (MesoNH-ISBA)
Transport Model

Passive

Bayesian Adjoint (LPDM)
Inversion !
Bayesian
‘ inversion

Optimized CO,
surface fluxes Optimized CO,
surface fluxes




Conclusion

- The CarboEurope Regional Experiment campaigns were a great success with a
huge database for surface fluxes and atmospheric obs.

- Allowing validation of the modeling activities :
« improvement of surface and atmospheric scheme

 intercomparisons with other meso-scale models like RAMS or WRF

 First regional inversion

CarboEurope allowed to determine that continental carbon sinks (forests,
grassland) are offset by GHG emissions from croplands, peatlands and inland

waters (Schulze et al., 2010)
Recent publication shows that the carbon sequestration decreases because:

the land-surface carbon sink is decreasing with temperature increase

- the CO, fertilizing effect slows down due to nutrient limitation effect (Penuelas
et al., 2017)

ONERA
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[CO2] = 382 ppm
[CO2] = (2)

Ocean

- CO, concentrations (z)
=) CO, surface flux
—)

------ Boundary Layer Height




ECOCLIMAP Cover Class

Fraction of winter crops reduced for th
- SW_GARDENING_CRORPS, :
- SW_MIXED_CRORPS,
-SW_WINTER_CROPS

Increase of the summer crops fraction

Decrease of LAl near Toulouse




CO, Regional Budget Estimation using modeling & observations

Piper AZTEC flight 06—06 morning

%;'

Piper AZTEC flight 06—06 afternoon
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ABL vertical profiles of [CO,] and TH fr

Piper-AZTEC
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