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Abstract. This paper describes a numerical interpretation ofto the regional scale. As a conclusion, the Jtddgeting

the April 2007, CarboEurope Regional Experiment Strategyapproach from the mesoscale model shows that the winter
(CERES) campaign, devoted to the study of thee€le at  croplands are assimilating more g@an the pine forest, at
the regional scale. Four consecutive clear sky days with inthis stage of the year and this case study.

tensive observations of GQoncentration, fluxes at the sur-
face and in the boundary layer have been simulated with the

Meso-NH mesoscale model, coupled to ISBA-A-gs land sur-

face model. The main result of this paper is to show how1 |ntroduction
aircraft observations of C£concentration have been used to

identify surface model errors and to calibrate the,GiDiv- The April 2007, CarboEurope Regional Experiment Strategy

ing component of the surface model. In fact, the comparison%CERES) campaign, described Bplman et al(2009, this
between modelled and observed £encentrations within ¢ ,0  offers the opportunity to study the regional variation

the Atmospheric Boundary Layer (ABL) allow to calibrate ¢ oo, at the surface and in the boundary layer in response
and correct not only the parameterization of respirec; CO y, e regional variability of ecosystem fluxes and mesoscale
fluxes by the ecosystem but also the Leaf Area Index (LAI) yansnort processes. As compared with previous observations
of the dominating land cover. After this calibration, the pa- ;11 in the same region during CERES 2005 (Dolman et
per describes systematic comparisons of the model outputy) '5006), the 2007 dataset was collected during wetter soil
with numerous data collected during the CERES campaignegitions and the observations were deployed over a larger
in April 2007. For instance, the originality of this paper iS y,main reaching the winter crops area around the Toulouse
the spatial integration of the comparisons. In fact, the a'r'city, as displayed in Fig. 1. The period of sampling was also
craft observations of C®concentration and fluxes and en- longer, with 6 consecutive days of measurements

ergy fluxes are used for the model validation from the local The’previous studies conducted before with thé meteoro-

logical model Meso-NH for regional atmospheric £@od-
elling (Sarrat et al., 2007a,, b) within the frame of CERES,

Cor_respondence taC. Sarrat were concentrated over only one intensive day of measure-
BY (claire.sarrat@cnrm.meteo.fr) ments. Contrarily, the present study considers 5 consecutive
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N ‘ e than one. Therefore, the link between £aptake and B is
gy perment 2007 Expermental newwork important because of its impact on the atmospheric boundary
layer dynamics and on mesoscale circulations. One of the ob-

jectives of the CERES campaigns was to provide enough in-
complex cultivated paterns

erous forest formation on CQ surface fluxes and concentration to be able

. ! _ to adjust the key surface parameters of the coupled carbon

ey ) :( o and water cycles in mesoscale models. This is also the main

£ : @ si0s oung wees) objective of the present study, which describes the method-
T @) core s i s 55 ology used to calibrate the ISBA-A-gs surface scheme using

<> Marmande (maize) [CO2] + Fluxes
: +RASSSODAR

observations taken at the surface but also taken in the lower
part of the atmospheric boundary layer by instrumented air-
craft. The originality of this study is to show using a top-

down approach, how the atmospheric variables are used to

R calibrate the surface parameters and what are the feedbacks
O rovosemtosomarg B e Sare BT L o e of these calibrations on the atmosphere.
O se s cape s adosnar First, the CERES dataset and the atmospheric mesoscale

model are described.

Fig. 1. Overview of the network deployed during the Avril 2007 Secondly, the calibration of two land surface scheme

campaign: 9 surface flux stations were deployed for representativ AL - . . ]
land cover types by Alterra, INRA, CESBIO and CNRM institutes. ?S?JII?EQ Qngscg%agifﬁi’tﬁ iiii:/gtgﬁggZ?;Zusslrsneudlatlon re
Three towers measuring GQoncentration were installed at Bis- ! P - ) )
carosse by LSCE (near the coast), at Marmande by ALTERRA Finally, the ability of th_e mesoscale m_od_e_llmg system to
(in the center of the area) and in Bellegarde by LSCE (West toreProduce the large spatio-temporal variability of G¢n-
Toulouse). Radio-sounding were made at Toulouse. A RASs-centration and fluxes across diverse ecosystems is examined
Sodar was installed at Marmande to monitor the vertical structureas well as the capacity of the model to be used to estimate the
of the lower part of the atmospheric boundary layer. The solid linesvarious terms of the regional carbon budget over pine forest
summarize the aircraft trajectories regularly flown by the three-and agricultural areas, in the studied region.
instrumented aircraft: the Western legs were flown by IBIMET Sky
Arrow, while the Eastern leg was flown by the Alterra Sky Arrow.
The Dimona aircraft flew alternatively the Western or the Eastern2 A summary of the CERES April campaign
trajectories.
The CERES 2007 experiment field started on the 18th, ended
on the 23rd of April 2007. The meteorological conditions

days with intensive measurements under rather steady staf€ré anticyclonic, allowing the temperature to reach9
anticyclonic conditions prevailed during the full period. During this period, low level clouds were often observed in

. the morning, dissipating in the afternoon with the diurnal
Mesoscale modelling of C&water and energy exchanges . . .

. 2 L . warming. Only the 19th of April offered a clear sky with-
in the boundary layer is still a challenging issue despite theOut anv clouds. The weak svnootic westerly flow and the
previous work by e.gNicholls et al.(2004), Denning et al. y ’ ynop y

(2003, Sarrat et al(2009, b, Pérez-Landa et a(2007 and high temperatures over land, generated sea breeze develop
. X ment along the Atlantic Ocean coast, especially on the 20th,
Ahmadov et al(2007. Much remains to be done in order . i .
) . 21st and 22nd of April. In these conditions, the three instru-
to improve the realism of the carbon and water cycles cou- . . ; :
T . . mented aircraft flew twice a day during these 6 consecutive
pling in the models at the regional scale. For instance, onlyda S
few mesoscale models are able to simulate the full interac< Y. . . G
The experimental set-up is detailed in Fig. 1: 8 surface

tions between atmospheric G@oncentration and the sur- ; .
. ; . . eddy-covariance flux stations were deployed over represen-
face physical and biochemical processes. Improving thesg .. .
ative ecosystems of the area (maize, grassland, sunflower,

interactions implies a good simulation of surface L@- ’ " .
. . wheat, coniferous maritime pine forest). Two tall towers and
tent and sensible heat fluxes which control to some extent the

CO, concentration in the boundary layer. Indeed, Q- one short tower, mqnltored contmuou;ly thegﬂ)pcentra-
. . tion near the Atlantic Ocean coast (Biscarosse), in the center
take and evapotranspiration are strongly linked through the

plant stomatal control and the soil moisture. A correct sim—Of the domain of interest (Marmande) and at the Eastern edge

ulation of daily plant C@ uptake should improve the simu- of the domain, near Toulouse (Bellegarde). A RASS-Sodar

o o was installed in Marmande measuring the first few hundred
lated Bowen ratio, i.e. the surface energy partition between

sensible and latent heat (%‘%). When the magnitude of B is meters of the Atmospheric Boundary Layer (ABL) verti-

less than one, a greater proportion of the available ener a(fal structure, for temperature, humidity and wind. Radio-
€. a9 prop oy sounding (RS) were launched at 06:00, 12:00 and 18:00 UTC
the surface is transferred to the atmosphere as latent heat than
: . at Toulouse.
as sensible heat, and the reverse is true for values of B greater
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Aircraft flux measurements have been provided by tworal SPOT-VEGETATION NDVI profiles from 1999 to 2003.
light weight aircraft equipped with MFP (Mobile Flux Plat- The Ecoclimap database contains 62 types of cover, includ-
form) systems, referred in the text as IBIMET Sky-Arrow ing winter and summer crops and mixed agricultural parcels.
and ALTERRA Sky-Arrow. Aircraft fluxes have been com- For the natural surface (i.e. all surface type except town, sea
puted from the two aircraft using the same processing softand lake), a tile approach is used in the ISBA-A-gs surface
ware and using at first a spatial length of 2 km; then 2kmscheme, in which each grid cell is divided into a maximum
data have been spatially averaged to produce fluxes at 8 kraf 12 patches of natural or vegetation types (bare soil, snow,
length, comparable with model spatial resolution. For a de—rock, tree, coniferous, evergreen, C3 crops, C4 crops, irri-
tailed description of the instruments and the method$3ee gated crops, grassland and parks). The main surface param-
oli et al. (2004. The two Sky-Arrow flew over the Western eters, as the ecosystem respiration &t@5%he mesophyll
track (black line in Fig. 1) or the South track (blue line in conductance, the root zone depth are fixed for each vegeta-
Fig. 1) every morning and afternoon, while the Dimona air- tion type. The energy and G(budgets are calculated for
craft flew mainly over the coniferous forest and the Oceaniceach patch presents into the grid cell and then the resulting
coast, except on the 22nd of April when its t rajectory was CO,, momentum, energy fluxes are averaged at the 8 km grid
near Toulouse. scale, according to the fraction occupied by each patch.

The anthropogenic COemissions are provided by a
10 km inventory of the Stuttgart University (Dolman et al.,
3 Modelling configuration 2006). The monthly oceanic GQluxes are parameterized
according to Takahashi et al. (1997). In this parameteriza-
The April period of the CERES experimental days is sim- tion, the difference in C@partial pressure between the ocean
ulated using the meteorological model, Meso-NH, a non-and the atmosphere is prescribed.
hydrostatic mesoscale mod&#lair et al, 1998. The model The dynamical simulation starts at 18:00UTC (or
is run with a resolution of 8 km for a large domain of 720km 20:00 LT) on the 18th of April 2007, from the ECMWF anal-
x 770 km. The atmospheric Meso-NH model includes theysis, both for the surface and the meteorological fields. The
CO; concentration, transported as a passive scalar, which ifeteorological lateral boundaries conditions are forced every
interactive with the surface carbon fluxes. six hours with the ECMWF analysis. The G@oncentration

The surface energy budget and £fluxes are computed s initialized with a homogeneous vertical profile over the
on-line, by the surface scheme, ISBA-A-gs (Noilhan andwhole domain, while a zero horizontal gradient of concentra-
Planton, 1989; Calvet et al., 1998), including £@ssim-  tjon is applied at the boundaries of the large-scale domain. In
ilation by the vegetation and a simple parameterization ofthe future, it is planned to couple the system with large scale
ecosystem respiration, which is dependant on soil temperaanalysis of CQ computed with the LMD-Z global transport
ture. In the surface scheme, the latent heat flux as well agnodel.
the carbon flux are coupled, using the same stomatal conduc- Every day, the atmospheric variables as well ag €@n-
tance. centration are re-initialized at 18:00 UTC. This initialization

The physiological stomatal resistance scheme proposed byme was found as the best starting time to simulate the noc-
Jacobg1994) is employed to describe photosynthesis and itsturnal period and C@respiration which can have a large im-
coupling with stomatal resistance at leaf level. In addition, pact on the simulation of the following day. For instance
the plant response to soil water stress is driven by a normalbpetter results for C®concentration are obtained with an ini-
ized soil moisture factor applied to the mesophyll conduc-tialization at 18:00 UTC on day D-1 than to start the model
tance. The computed vegetation net assimilation can be usest 06:00 UTC on day D, with a homogeneous vertical profile.
to feed a simple growth submodel and to predict the density The soil moisture is a very important issue for simulat-
of vegetation cover. In the application here described, theing the interaction between the surface and atmospheric pro-
growth model component is not used. cesses (Jacquemin and Noilhan, 1990). Soil wetness not only

The ISBA-A-gs surface scheme has been tested againstffects the Bowen ratio and the subsequent ABL evolution
various micrometeorological databases for several vegetatiobut also the C@surface fluxes through CQuptake by veg-
types in off-line mode. It was shown that ISBA-A-gs was etation. The Soil Wetness Index (SWI) was taken from the
able to simulate the water budget and the,GlOx correctly =~ ECMWF soil moisture analysis and a particular procedure
(e.g. Habets et al., 1999; Rivalland et al., 2005). The Car-has been developed to initialize the ISBA-A-gs soil water
boEurope project provides the opportunity to test it again on-reservoir. For the April period, the soil reservoirs were close
line in a mesoscale model. to the field capacity (not shown here).

A particular effort has been made to improve the map of
land use in the area, specially for the CERES experiment in-
terpretation. The land cover is issued from the Ecoclimap
database at 1 km resolution (Champeaux et al., 2005; Mas-
son et al., 2003), improved through the analysis of the tempo-
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Fig. 2. The simulated C@ concentration (ppm) at 16:00 UTC, at the first level of the Meso-NH model (2qa))for the first control
simulation andb) after calibration of the surface flux model for winter crops. The trajectory followed by the Dimona instrumented aircraft
flown between Marmande and the Toulouse region is illustrated with the thin solid line. In the control run, the unrealistic minimym of CO
West to Toulouse, in the winter crops area, is clearly seen. After calibration of the surface schemepthiso@@ly was removed. The

grey contours represent the department boundaries.

4 Further calibration of the surface scheme derived to CO, surface flux error practically in the winter crops area
from mesoscale modelling south-west of Toulouse.
Therefore, an improvement of simulated £fuxes over
A first run of Meso-NH was conducted with the same cali- the croplands in Toulouse region proved necessary. This is
bration of the surface C£flux processes in ISBA-A-gs, per- made in two steps. Firstly, the ecosystem respiration for the
formed with previous data set. Comparisons between the air€3 and C4 crops are re-calibrated using the 4 flux stations
craft data and the surface stations reveal a large discrepandgcated in the South-Eastern part of the experimental area.
between simulated and observed C&@ncentration in the The soil respiration parameterization in this version of the
ABL and close to the surface, for a large area near Toulouse/ SBA-A-gs surface scheme is rather simple and does not take
This area appears very clearly in Fig. 2a, representing thénto account the effect of soil moisture:
simulated CQ@ concentration field and showing a minimum (Tsoil—25)/10
of CO, South-West of Toulouse. This is an area mainly cov- Reco= RE25x Q1 @)
e_red by winter crops. This area was rown_ by the Dimona Where Ty is the soil temperature at 20 cm. The RE
aircraft. A comparison of Coobserved and simulated atthe . meter corresponds to the ecosystem respiratiorf & 25
exact time and location of the aircraft is shown Fig. 3. The  js cajibrated with the CERES 2005 data for relatively dry
rgsults ofthe first runfor thglmormr']g (Fig. 3a) and afternoonsous, in June 2005. For the April 2007 campaign, in con-
flights (Fig. 3b) reveal significant differences: trast, the soil wetness was near the field capacity. This is a
(i) During the morning, the modelled GCat low level ossible reason explaining a higher soil respiration. Calibra-
is underestimated as compared with observations at 50¢4p of the RE5 which was done for the previous campaign
m, suggesting an underestimation of soil respiration by the,nqer dry conditions does not work here and the:RiEas
model. This behavior is confirmed by comparing modelledtq pe increased for the present simulation, for the winter and
and observed Cgat the Bellegarde atmospheric measure- g;ymmer crops vegetation types.
ment tower as well as by comparing the nocturnab@Gxes The second step is a slight modification of the Ecoclimap
at the stations located over winter crops. land cover database. A comparison of Ecoclimap LAl with
(ii) During the afternoon, the modelled G@oncentration  Modis LAl observed at the same period revealed that the
is strongly reduced close the surface while aircraft observaEcoclimap LAl is slightly higher (around 3 fm=—2) in the
tions do not show such a reduction at low levels. area west of Toulouse, than the Modis value (less than 2
This large error in the computed boundary layer,@®er m2.m~2) as shows the Fig. 4. On the other hand, the Eco-
the winter crop area (in the other part of the domain the ob-climap LAI for C3 is in y good agreement with the field ob-
servations do not show such a large discrepancy) is interservations (for instance the observed LAI at the Lamasgju
preted as a model error in the @8urface fluxes associated wheat station was 4.25 7n~2, on the 25th of April).
to this land cover. Indeed, budget studies for this particularFurther comparison with data from the French Agricultural
day show that C@advection is rather low during this period agency suggests that the area west of Toulouse, mainly
and the atmospheric error in G@an be mostly attributed classified as “Winter Crops” in the Ecoclimap database,

Biogeosciences, 6, 63846 2009 www.biogeosciences.net/6/633/2009/
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Fig. 3. Comparisons of simulated and observed-G@ncentration along the aircraft trajectory during the morr(aec) and afternoon

flights (b—d) on the 22nd of April. The altitude of the flight is given by the green doted line. The modellech@®Obeen interpolated in

space (same latitude, longitude, altitude) and time at the exact location of the Dimona aircraft. The model results correspond to the control
run (a—b) and after the calibration (c—d).
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MODIS 1KMLAI LAI Ecoclimap v3 Calibrated LAT

Fig. 4. Maps of LAl in April : from MODIS (left), the original (middle) and the corrected Ecoclimap database (right).

comprises in reality a mixture of crops including some signif- averaged LAl in the domain, without modifying the LAI as-
icant fraction of maize. In the original Ecoclimap map, this sociated to the C3 crops. Fig. 4 shows the LAl map in April,
“Winter Crops” class cover is assumed entirely composed ofbefore and after the Ecoclimap modification. The LAI de-
C3 crops, with high values of LAI. For all of these reasons, crease reaches around #m~2 where the “Winter Crops”
the content of the “Winter Crops” class is changed by re-class is dominant.

ducing the C3 winter crop from 100 to 60 % and assuming A new simulation is run with these two modifications of

o 1 . .
that 40 % is covered by C4 crops, which mainly correspondsthe ISBA-A-gs surface scheme (soil respiration rate and LAI

to bare grounq .at this sta“ge'of the yea:. This .mOd'flcatlonof the “Winter Crops” class). The effect is to increase the soil
of the composition of the “Winter Crops” class is made ev- o : .
' ) . ) ) respiration and to decrease the daytime,Gtake in the
erywhere, in the considered domain of simulation. One of,,,, ,, . .
Winter Crops” areas in the mesoscale model. The simulated

the effect of this modification is to decrease the value of the S .
CO, concentration is increased everywhere winter crops are

www.biogeosciences.net/6/633/2009/ Biogeosciences, 663832009
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cultivated as shown on Fig. 2b. One can observe high conat 400 W.nT2 around noon. The turbulent water and energy
centration north of the FAGR site, where the residual noctur-fluxes are fairly reproduced by the model. The Qdptake

nal respiration is probably dragged into the diurnal ABL. is slightly underestimated and the nocturnal positive respi-
These 2 modifications have a very positive impact as de+ation relatively well simulated. The last case for the Cape
picted by Fig. 3c and d: Sud maize site mainly constituted of bare ground in April

(i) during the morning the simulated GQ@oncentration ~ shows also a low value of the Bowen ratio due to high soil
are high enough to represent the nocturnal respiration ang@vaporation and very weak G@luxes because the fraction
are now closer to the aircraft observations at low level; of vegetation is very low.

(ii) during the afternoon, a significant improvement is
shown with better agreement of simulated £6 the ABL 5.2 Comparison with observed CQ concentration at
with the aircraft. the tower sites

Additional validation at the regional scale is provided by the

5 A detailed validation of the five-day mesoscale simu-  comparisons of C@®observed and simulated at the three at-
lations against in situ data mospheric towers (Fig. 6). At Marmande, the observations

show a very large daily variation of CGQup to 200 ppm the

CERES 2007 provided an unique opportunity to examine th&oyrth day!) with a large accumulation during the night and
ability of the mesoscale model to simulate the various com- ather constant values around 380 ppm during the day. The

ponents of the energy, water and carbon cycles against in sitghodelled CQ concentration shows a similar daily cycle but

data. with a reduced variation, particularly during the night. Only
One of the interest is the anticyclonic atmospheric condi-during the second night, the model is able to accumulate such

tions experienced during the period, allowing some reductiorhigh concentration of C§) near the surface, otherwise, the
of uncertainties in measurements through the repetitive samnocturnal concentration are underestimated.

pling of similar conditions, particularly with weak advection. Indeed, the 2005 CERES results already showed that very

In the following, a summary of comparisons with surface |5rge CQ vertical gradient occurred at nighttime in the first
flux stations, CQ observations at the 3 tower sites, with air- layers close to the ground. The discrepancies during the
craft fluxes and radio-soundings is provided. day are more difficult to explain since vertical mixing should
limit the impact of the differences between observation and
modelling.

We present a selection of surface eddy covariance flux sta- At t_he Biscarosse coastal atmospheric station, th? daily
variation is remarkably reduced as compared with inland

tions with representative land cover: a grassland site at Saint- . !
Sardos (noted STSA, in Fig. 5a), a pine forest site at Le Bra armande observations. Differences between model and ob-
' Teny servations are seen during the day and a better agreement

station (noted LEBR in Fig. 5b), a wheat site at full devel- ; v found durina the niaht. Simulati ; d
opment at the Lamas@te station (noted LAMA, in Fig. 5c) IS generally found during the night. simufations pertorme
ith a higher resolution showed that the small scale circu-

and a bare ground site (just sown by maize) at the Cape Su}qt_ 4 the Bi ¢ lex duri
site (noted LACS, in Fig. 5d). Fig. 5 shows the comparisons ation around the Biscarosse tower are very complex during

of simulated and observed sensible and latent heat and these anticyclonic conditions where local advection develop-

surface fluxes at all the four sites. The modelled fluxes corre—ments are governed by sea and land breezes. Such behavior

spond to the patch within the grid box, which is similar to the pannot be resolved explicit'ly With the 8km resolution used
station vegetation type. This is an important advantage of thé" the present mesospale simulation. ] )

ISBA-A-gs implementation with the subgrid tiling approach. At the Bellegarde inland atmospheric station, the concen-
Generally, the comparisons show a fair agreement betweeHation is measured at 60m, almost the third model level,
modelled and observed fluxes for the 4 sites. It is importanteXPlaining lower observed values at night. In general, the
to recall that all these fluxes are computed interactively byagreement during the day is fair particularly during the third
the model and that the evapotranspiration is computed wittfl@y of comparison.

the same stomatal conductance used to compute thea€O

similation during the day. For the pine forest, the agreemen6.3 Comparison with aircraft energy and CO; fluxes

is particularly good with a Bowen ratio larger than one, in re-

sponse to strong stomatal reduction of evaporation even wittDne originality of this analysis was to examine the ability of
wet soil conditions (see Noilhan and Lacae, 1995). How-  the mesoscale model to reproduce the spatio-temporal vari-
ever, the daytime Cg&flux is slightly underestimated by the ation of CQ observed by a unique set of observation in the
model. Conversely, at the Lamasge wheat site, after cali- ABL with the 3 instrumented aircraft. Indeed, the 2 small
bration of the model, the Bowen ratio is lower and around 0.3Sky Arrow aircraft allow to fly at low altitude, below 200 m
with very high values of daytime evapotranspiration peakingand to measure the energy and{Dxes all along the track.

5.1 Comparison with observed surface fluxes
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Fig. 5. Comparisons of latent and sensible heat fluxes ang L@ at several surface station) at a grassland site (STSA=Saint-Sardos),
(b) at a coniferous forest (Le Bray(g) at a winter crop site (LAMA=Lamasauie), andd) at a maize site (LACS=La Cape Sud). See Fig. 1

for details.
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MARMANDE: CO2_concentrations (ppm) APRILO7 ‘ show a slight increase of NEE around noon with an averaged
value close to-10, molm—2s1,

Comparisons with the IBIMET Sky Arrow fluxes (Fig. 8)
allow to evaluate the model in the forested Western part of
the domain on 19 April. Again, the modelled and observed
Bowen ratio are in good agreement although the observations
show significant horizontal variations which are not simu-
lated. It is difficult to know the level of realism of these hor-
e T s izontal variations of the Bowen ratio. Also, this figure shows

relatively clearly a higher value of the Bowen ratio around 1

over the forest, compared to the bowen ratio measured by the
BISCARROSSE: CO2 concentrations (ppm) APRILO7 ALTERRA Sky Arrow over the cropland. This is in agree-
ws T ment with the Bray flux tower. On the other hand, the sim-
ulated NEE is significantly higher than the observations, no-
tably in the morning flight. However, the simulations are
more in agreement with the aircraft observations over the
forest. Again, we observe significant horizontal variations
of the measured C£Xlux which are not reproduced at all by
the model, probably because of the coarse model resolution
of 8 km. In all the cases, the model tends to overestimate the
NEE measured by aircraft.
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5.4 Comparison with the radio-sounding in Toulouse
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The ABL height was monitored at Toulouse, several times a

day. Radio-sounding were launched the synoptic hours, at

06:00, 12:00 and 18:00 UTC.

This is an important issue for the G@oncentration rep-

resentation in the model since the ABL height determines

the concentration vertical mixing and the entrainment at the

ABL top.

T S The Fig. 9 shows the comparisons of the potential tem-
perature measured by these radio-sounding launched at

Fig. 6. Comparisons of C® concentration at Marmande, Bis- 15-00 UTC with the vertical profiles from the model.

carosse and Bellegarde towers. For the 4 days, the height of the ABL is correctly simu-

lated, even if some bias in the potential temperature can be
noted below 2000 m on 22 and 23 April.
A summary of the comparison of simulated and observed

fluxes by the ALTERRA Sky Arrow along the Eastern flight

track, mainly over cropland, is given in the Fig. 7. The com-6 Discussion

parison is provided for the 4 consecutive days from the 19th

of April. Here, only the results for the afternoon flights are As described in the Sect. 4, preliminary Meso-NH run with

given where the link between evapotranspiration ancd CO no calibration of the surface scheme reveals an unrealistic

uptake is strong. The comparison shows a fair and surprisminimum of CQ concentration simulated East of Toulouse,

ingly good agreement between the observed and simulatedorresponding to mixed agricultural area dominated with

Bowen ratio for the four days. The Bowen ratio is around 0.5winter crops in full development. This minimum was not ob-

and relatively stationary in space and time and is in agreeserved by the DIMONA aircraft flying near Toulouse. This

ment with observations at the flux stations. The compari-model error is attributed to a too low soil respiration (involv-

son with the CQ fluxes can be also considered as satisfacto-ing too low CG concentration in the early morning, Fig. 3a)

rily although the observations are more scattered than for thand a too high vegetation uptake in the winter crops area as

Bowen ratio. On 19 April observations show a decrease ofrevealed by a comparison of LAl between Ecoclimap and

the Net Ecosystem Exchange (NEE) in the late afternoonModis (Fig. 4). After calibration of soil respiration and ad-

when the respiration becomes comparable to assimilationjustment of the vegetation cover in the area of winter crops,

The trend is well captured by the mesoscale model. Cona new simulation is compared very favorably with £@on-

versely, on 20 and 21 April both observations and the modeltored by the instrumented aircraft. Indeed, the method
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Fig. 7. Comparison of observed and simulated Bowen ratios (left panels) andl@®s, umolm~2s~1 (right panels). The Bowen ratio
and the CQ fluxes are observed by the Alterra Sky Arrow flying the Eastern leg, on the 19th, 20th, 21st and 22nd of April. The altitude
of the flight is given by the green doted line. The comparisons are made at the exact location of the Dimona aircraft: the same latitude,

longitude, altitude and time in the model.
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Fig. 8. Same as Fig. 7. Observations were taken by the lbimet Sky Arrow instrumented aircraft, flying the Western leg twice a day. The
comparisons are given for the 19th of April. The flight altitude is given by the green doted line. The comparisons are made at the exact
location of the Dimona aircraft: the same latitude, longitude, altitude and time in the model.

described in this study shows how an instrumented aircraft Following the calibration of the surface scheme, the results
can be used to optimize simulated g£€urface fluxes by ad-  of the mesoscale simulation have been carefully compared
justing simulated C@ concentration with aircraft observa- with the CERES observations for the 5 consecutive days.
tions in the lower part of the boundary layer. To our point Comparing to aircraft observations, the mesoscale model re-
of view, such a link between errors in G@oncentration sults show a good level of realism to reproduce the,CO
within the ABL and errors in the surface processes modellingfluxes for contrasted land cover as well as the Bowen ratio
proved the interest of using a mesoscale approach to simulate the lower part of the boundary layer. The Bowen ratio is
the daily coupling between the carbon and water cycles.  lower than one, in the Eastern part of the domain, consis-
One of the limitations is probably related to the size of the tent with soil wetness close to the field capacity. However, a
land use type to which this correction can be attributed. Ifslightly higher value is observed and simulated over the Lan-
the area considered is too small or made of small patches, iles Forest, as a response of the transpiration stomatal con-
will be difficult to identify the land cover responsible of the trol by the pine trees. Nevertheless, some discrepancies with
poor estimation of C@concentration. On the other hand, an the aircraft CQ fluxes are found in the Western part with
area sufficiently large (e.g. tens of km) and dominated by oneobservations lower than the simulation, while simultaneous
type of crop, would be more suitable for correction since theobservations and simulation of the Bowen ratio are matching
size of the area will affect primarily the ABL dynamics and well. At the local scale, the model represents well the sur-
therefore the corrections could be simplified. In the CERESface energy balance, but underestimate the NEE. A probable
domain, these four large areas are the pine forest, the winreason for the underestimation of the NEE by the model is
ter (wheat) and summer (maize) crops and the Bordeaux'shat the simulated assimilation depends on the LAl and does
vineyards areas. not take into account the assimilation by the total Photosyn-
The South-Eastern of the CERES domain is more patchythetic Area Index (PAI) (including stems, ears, leaves...). In
and associated with topographical features that makes suchfact, a recent study, by Hoyaux et 22008 shows that for
procedure more difficult to be applied. In such area, probawinter crops the stem assimilation rate equal to 63% of the
bly that operating a Cgtall tower for several months would leaf assimilation. The comparisons at the surface fluxes sta-
be a better mean to adjust surface fluxes using mesoscale itions are also difficult because of the spatial variability of the
version of CQ (see Lauvaux et al., 2008a). ecosystem and the problem of representativeness of a 8 km
grid cell.
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RS Toulouse 070419_1100H oo RS, Toulouse 070420_1100H area should be to develop a tower network, sufficiently dense
o-00bs o-000s. to be able to detect C{Oegional variation related to the land
2000} 1 2000} ] use. The design of such a network in connection with inverse
mesoscale modelling is an issue which has been already at-
1500} ] tempted in this area (see Lauvaux et al., 2008b).
Before concluding the paper, a last example shows how
1000¢ ] the calibrated mesoscale model can be used to estimate a re-
gional CQ budget for representative land covers of the area.
soor 1 ooy 1 The 19th of April is chosen, a day flown by the Dimona air-
b= Jooo craft between Marmande and Biscarosse, through La Cape
o 18 20 72 24 26 28 0 % 16 18 20 72 24 26 28 30 % Sud in the Landes forest (aircraft trajectories are displayed in
Fig. 10a). Model comparison with GQbservations along
the aircraft track is excellent (see Fig. 10b).
Two sub-domains are selected to estimate the diurnal bud-
RS Toulouse 070421_1100H 2500 RS Toulouse 0704221100 get of CQ during the day (between 10:00 and 16:00 UTC).
oo Qo5 oo The 2 boxes centered over the Landes area (FOREST box)
2000} 1 2000} ] and centered on Marmande (CROPLAND box) are shown
Fig. 10a. The C@ budget is computed by the mesoscale
1500 ] model at each grid point, for each grid level and then av-
eraged horizontally. Figure 11 gives the vertical profiles of
1000p 1 the various terms of the horizontally averaged-fdget:
the variation of CQ between 10:00 and 16:00 UTC, the to-
tal advective tendency (horizontal and vertical advections are
N s summed) and the turbulent tendency (e.g. the divergence of
16 18 20 22 24 26 202 fo 18 20 22 24 26 28 30 %2 the vertical turbulent flux). Both budgets show that the de-
pletion of CQ in the ABL during the day is mostly dom-
Fig. 9. Radio-sounding launched at Toulouse site every day of theinated by the turbulent tendency, associated with the plant
IOP at 11:00UTC, compared to the simulated vertical profile of uptake. The averaged value of €@ssimilation is higher
potential temperature (C). at the CROPLAND box than over the FOREST one. In the
FOREST box, horizontal advection of G@ch oceanic air
compensates slightly the surface assimilation at the lowest
level. The vertical profile for the CROPLAND box exhibits

The aircraft observations are taken at a scale more suitablg positive advection near the top of the ABL which is associ-
for comparison with the mesoscale model. ated to inland C@transport from the forested area.

Finally, the simulation of the C®concentration at the 3 sych a budget approach is developed to interpret the whole
surface towers is SatiSfaCtOI’”y, with the classical limitations data set and by Considering domain variables in size and time
due to the mOde| Spatia| resolution. At the sea Coast, thQ)f the day (n|ghtt|me period versus day“me)
horizontal 8 km resolution of the model is too coarse to sim-
ulate accurately the possible small scale circulations, as sea
breeze, revealed by the observations at Biscarosse. On the Conclusions
other hand, the vertical resolution of the model and possibly
the nocturnal stable ABL (first model level at 20m) is too This study tries to take full advantage of the very rich
coarse to be able to reproduce the nocturnal accumulation aEERES dataset on April 2007 to improve and to understand
CO, close to the ground as monitored at Marmande. How-a mesoscale simulation of the water, energy and &xes
ever, the mesoscale model, coupling Meso-NH and ISBA-A-exchanges between the surface and the atmospheric bound-
gs shows a good potential to simulate the daily cycle o CO ary layer. Another large interest of the data set is that the pe-
at the 2 Eastern continental towers. riod of observation covers 5 consecutive days with relatively

All these comparisons show the general good quality ofsteady state large scale conditions: anticyclonic, weak syn-
the mesoscale model to reproduce the main characteristiogptic winds, clear sky except for the last days in the Western
of the regional carbon cycle under anticyclonic weather con-part of the domain and over the Ryges mountains. The ex-
ditions. The mesoscale model can be evaluated only in th@erimental effort can be considered as relatively unique since
instrumented part. Indeed, a large fraction in the South, en8 flux stations, 3 towers measuring atmospheric, €on-
compassing the Pgrées range and in the North of the do- centration, a radio sounding site and 3 instrumented aircraft
main are not covered by the network. It seems to the authorsvere fully operational every day. In April, the soil wetness
that the unigque way to improve the G®urvey for the whole  was close to the field capacity and evapotranspiration was
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Fig. 10. (a)Meso-NH field of CQ concentration at 12:00 UTC on the 19 April at the first level of the model (20 m), with the two aircraft
trajectories, the morning one (solid black line and black hours) and the afternoon one (dashed line with white(lhoceshparisons

between Meso-NH C®concentration (red) and aircraft observations (black), for the morning flight (up) and the afternoon flight (down).
The comparisons are made at the exact location and hours point in the model. The black and the white rectangles represent respectively th
FOREST and the CROPLAND boxes in which are averaged the numerical budget displayed in Fig. 12.

FOREST BOX on 07-APR-19 10-16H CROPLAND BOX on 07-APR-19 10-16H
AR AR R RN AR A T (AR AR AL AR LR RAS T

2000 T 2000 T T
—— CO2 depletion — t  —— CO2 depletion
— ADV 1 r — ADV
ol — TURE 1 ol — TURB 1
£ ] z
§ tooo- N § 1000 N
ER ] z
500; — 500 _
07‘” | S PR PR ST ST PR SR ST P 07‘\\\\\\\\\HH\HH\HH\\ N FET F A

Lol Lonlon b binlon
-20 -18 -16 -14 -12-10 -8 -6 -4 -2 0 2 4 6 8 10

,.4
o
s

L N Lonlonbondy
-20 -18 -16 -14 -12-10 -8B -6 -4 -2 0 2 4

Loss / Gain of €02 (ppm) Loss / Gain of €02 (ppm)
(o) (b)

Fig. 11. Vertical profiles of the several budget terms calculated by Meso-NH and averaged over the FORE&JTabdxhe CROPLAND

box display in Fig. 11. For the both boxes, the budget is calculated between 10:00 and 16:00 UTC. The black profile represents the difference
of CO, concentration between the two instant of integration, the red profile represents the advective tendency (horizontal plus vertical
advections) and the green profile represents the turbulent tendency.
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