SMOS
apres (presque) 12 ans en
orbite

- Global: SML2PP Soil Moisture, v700, 20100501 to 20210201, Ascending orbits - MapType=AVGFLNOPROD
Retrieval status: Light grey DGG non FNO/FFO - Medium grey not retrieved - Black v700 failed v650 successful - Dark Grey both failed
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ﬁ Ou en sommes nous apres bientot 12 ans en orbite @gro
 Apres presque 12 ans en orbite le satellite et lI'instrument sont encore parfaitement
opérationnels et ce apres avoir réalise force « premieres »
> 1 radiometre en bande L, premier interféro en orbite, premieres mesures opérationnelles
SM et OS, ... plein d’autres (cryo, vents , VOD etc...)

» Acquisition en continu depuis la fin de la recette en vol!

» Redondances non utilisées

» Assez de carburant pour tenir des années
O Mais lI'age commence a se faire sentir tout de méme sans que cela n'impacte la

mission (pour l'instant)
» Dégradation des protection MLI - certains eléments commencent a chauffer un peu

» Cyclage batterie

 Un succes scientifique et applicatif
» De nouvelles avancées scientifiques grace a la mesure directe et absolue

» Un taux de publications intéressant (160 /an dont pas mal dans des revues de prestige)
» Plus de11 ans de données en continu et en acces libre des I'acquisition et le traitement
» Des utilisateurs opérationnels dont ECMWF/CEP ou vents forts en mer

O IMPOSSIBLE a couvrir en 15 minutes!! Limitation a hydrologie continentale?!

2 Séminaire sur les missions spatiales en lien avec I'hydrologie continentale a I'OMP 1¢" octobre 2021 Yann H Kerr
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SAMOD

Southern extension of the fresh salinity originating

River plumes variability in Bay of Bengal
related to Indian Ocean Dipole (‘The El Nifo of the Indian Ocean’)

from Ganges-Brahmaputra (GB) along east India

coast reduced during positive Indian Ocean Dipole

(currents reversal).

SON 2015 SON 2016
() cB@ ® cs@. 1.0ms
= \ -“ e

SMOS-new & GEKCO

120N}

J10NE
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CATDS
V.P. Akhi, etal. ) o s et o oot S
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Akhil et al., RSE, 2020
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NEW SMOS SEA SURFACE SALINITY ALLOWS MONITORING LARGE
INTERANNUAL VARIATIONS IN THE ARCTIC OCEAN

SMOS

Sept. 2010

SMOS-arcticLOCEAN-555-2010.9-v1 OAT-manehiy nt
C b S

Sept. 2011

SMOS 3rctic-LOCEAN

%3

Improved radiometric model and filterings
Sept. 2012

SMOS-aretic LOCEAN-558-2012-6-v1 DAT. ’!\m"llj"(
SN A

Sept. 2013

Sept. 2014

SMOS arctic-LOCEAN-S55-
5 6

N ¢

Sept. 2017 Sept. 2018 Sept. 2019

SMOS-arctic-LOCEAN-$55-2011-5-v1 0AT-monthiy SMOS-arctic-LOCEAN-SSS-2018.9- 3 SMOS arctic-LOCEAN-555-.
}W’f-eﬂ ka Ty B e
y 2 £ 58

ice free periods.

Monitoring of the variability of the Beaufort Gyre during

Monitoring river runoff: Laptev Sea and
Lena river plume.

Variability of Pacific Waters entry in the Arctic Ocean: a
large difference of salinity is recorded in the Chukchi
and East-Siberian sea between 2012 and 2015.

Monitoring river runoff: Kara Sea and
Ob'+Yenisei river plumes.

,')
\

=

1 1

5 g st 4
T Tmmmmn -

360
3.0
340
310
20
310
300
290%
280=
2704
260
25.0
200
230
20
210
200

36.0
35.0
340
330
320
310
JDU-
2908
TBﬂé
12700
26.0
250
240
23.0
220
210
200

Supply et al, 2020, in revision, RSE

@

CATDSS

Cantre Avai o Tratumant des Donnees 303
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Supply, A., J. Boutin, J.-L. Vergely, N. Kolodziejczyk, G. Reverdin, N. Reul, and A. Tarasenko (2020), New insights into
SMOS sea surface salinity retrievals in the Arctic Ocean, Remote Sensing of Environment, 249, 112027,

doi:https://doi.org/10.1016/j.rse.2020.112027.
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Seasonal cycle of Congo and Niger rivers
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Fig. 10 2010-2012 Monthly averaged seasonal cycle of surface salinity in the eastern tropical Atlantic

derived from SMOS observations
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SMOS 34 Mission Reprocessing — L2SM perspectives
Smo® Retrieved soil Moisture spatial maps

REPR v700: spatial mean retrieval Soil Moisture
along time — 11 years

Global: SML2PP Soil Moisture, v700, 20100501 to 20210201, Ascending orbits - MapType=AVGFLNOPROD
Retrieval status: Light grey DGG non FNO/FFO - Medium grey not retrieved - Black v700 failed v650 successful - Dark Grey both failed
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Concatenated debiased allsites CalVal Sites Insitu Time Series: 306 kept / total 388 - Descending orbits

Spo2 CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20
Mean A statistics: SMOS - Insitu
Fodos R Bias | STDD | RMSD | #kept Blas
[ueso 055 | -0.025 | 0084 | 0088 | 140353 o 0: InSitu
W 067 | 0046 | 0072 | 0085 | 143464 - o 1:v650 0.04
; ® 2:v700
SMOS/Insitu series statistics 0.03
}sm., Mean, | Mean | STD_ . SO,
0.02
rao 0.186 0.211 0.095 0.080
700 ; . . :
f’ 0.167 0.212 0.094 0.080 -
Filter Stats g
> - 40
V650 | v650 | V700 | w700 4
%"‘" Al | nter | AN | Inter E
Initial 247425 | 192539 | 247348 | 192509 i - 1-0.01
Retrieved 77.26% | 76.99% | 77.29% | 77.02% '
Fuccossfd 94.98% | 94.68% | 96.94% | 96.76% 1-0.02
R STDD
0.7
- = -0.03
s 0.08
-0.04
» 0.07 - .. ~
05 L 0.02 0.04 0.06
b R 1 2
Bias RMSD S v
002
5 e Main effect of increased @ 0 — 0.06 in OPER v700
.03 REPR v700 increased correlation (improved) _
d L E REPR v700 decreased STDD, RMSD (improved) P. Richaume
1 Seminaire sur lec 5 0.084 REPR v700 increased negative bias (degraded)
0.05 0.082



2020 2019 2018 2017 2016 2015 2014 2013 2012 2011 2010

2021

SMOS L2SM UDP v700, SM Anomaly, Hovmoller plots for North America Wet 01 to 04 (lat/lon: [25.00, 40.00]/[-125.00, -107.00])

N America, Asc

Reference Data: (2012-2016) Mean, Asc passes, Moving Window (size=11), Scaled Chi2p >= 0, RFI Prob <=1, (Blue indicates positive anomaly)
™ |

| -

!I:T;E‘ = \ s | | | \ | :
.

[ \ L | | o | |

\ L | | \ | |
| | —

| L | | \ | |

;‘ i | i i i i i
| | | | | | |

\ 1 | | \ | |
|_ I - ’ _|

| L | | | | |

\ — | | \ | |

L l

S W s === | L | | L]

N —— ~— = | | \ | |
|- I |

|
|
Sr— sl = | | i
= |
g | L, | | o |
= E el B ‘ | L] | | ‘ |
£ !
- \ | 1 | | ————— \ | |
L """ = - F \ [ I [ [ \ [ [
- o e e e e e ] | | | | | B
50 100 150 200 250 300 350

0.2

0.1

- 0.1

0.2

0.3

A. Mahmoodi



14

Near real-time products update and data assimilation

New ESA and Data Assimilation at
ECMWF NRT datasets (v300)

PhD thesis starting in Oct 2021 at
Meteo France to study DA
approaches similar to those that
lead to the operational DA of SMOS
NN SM at ECMWF (Rodriguez-
Fernandez et al. 2019)

Séminaire sur les missions spatiales en lien avec I'hydrologie continentale a I'OMP 1¢ octobre 2021 Yann H Kerr

v724 - ctrl NRT SM products mean

soil moisture difference 20190620-20190719
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; esa climate change initiative

ESA | CCI | Aerosol | Cloud | CMUG | Fire | GHG | Glaciers | Ice Sheets | Land Cover | Ocean Colour | Ozone | Sea Ice | Sea Level | SST
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é @ESEIO
Smo2 /AA

SMOS Root Zone Soil Moisture (RZSM)

Operational + 10 years database

16 Séminaire sur les n

0.40
- CATDS L4‘- Root Zone Soil Moisture from SMOS (m3.m-3) / '
. Sy 7 |-
W =k
\ Initialisation AN %} /% v J
param.xml Read parameters 2B Y b
\-‘/}ﬁ'_g g 0.20
Ao Initialisation o il “.’“&s‘l\’i
Read aux files } fin /”/\.’Q‘{k \\l ‘ 015
Initialisation AS-EIO “_: ] e >
gen soil properties \Js SO B/OLAA -~ 4?:}7’ 0.10
NelCDF Initialisation @ g-/-'\TDS E anmad.alb»tar@cesbio.c:nes.fr - 0.05
% Initialise variables
0.00
” Root zone soil moisture is obtained
last SSM
from SMOS surface soil moisture using
/sy SN s e a parsimonous bucket model.
| Extract & fitter | Apply filter Compute RZSM
: ; —
NelCOF [ firstlayerSM | [ second layer SM RZSM . . . .
L | scalessm R Apply comvotuon | Daily products are dissiminated at
¥ ¥ L7
{7 s first layer SM { second layer SM | RZSM CATDS CPDC center.
ﬂ Apply filter apply transpi g

(Al Bitar A. Mahmoodi A. ATBD RZSM, 2020)

w M Yann H Kerr



S Drought monitoring from RZSM

2.0
CATDS L4 Drought Index from SMOS Root Zone SM
{ oo ) 2 F. 15
g > . \/l ~
o B
0.5

,& ;
\Z«" South Afnca g Australia

—w ’ .
; oD R |
1\’_’ e 4 0.5
‘,\ ‘,?" iy .\‘ N
£ ,\\’&? }/, -1.0
2015/p8 » %, "
ahmad.albitar@cesbio.clles.fr -1.5
-2.0
Index ffom SMOJ Root Zone SM -
0.5
Forest Fires
in 2019
-1.0
- 2019/08
~ : ahmad.albitar@cesblo.cnes.fr -1.5
Fires in Amazonia Fire in Australie

GRACE anomalies SMOS RZSM excess/deficit

3 108 —=i
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Wet conditions € i
H —. = A:‘_;:,,-.g. .
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SMOS RZSM for large scale hydrology

Parana river bassin, Brazil MGB hydrological model
calibration over Parana

a) b)

55°W so°w as'W
n 1
=3 .

s5W sow 5w
ofesd 10 125250 N |15's

15°54

S 08 ¢ using SMOS RZSM Using SMOS RZSM

nd discharge

i D Smos data
+ o impact

< usingdischarge

25°S

Sy
7|
“’f

[JParana Riverbasin || Annual precipitation [l 1476mm - 1624mm D T
R

—— Stream network ﬁ 1053mm - 1354mm [l 1624mm - 1834mm

*  Precipitation stations [ [ 1354mm - 1476mm [l 1834mm - 2278mm

15°s:
<)

15°S

255 D 5 [
A
units i for calil i Long term ity index
[ Granitoid, volcanic, and metamorphic Rather seasonal with a short drier season
Bl B2salt and dactite B seasonal | #
Sandstone and conglomerate I Markedly seasonal with a long drier season D 4
and -
Sandstone, diamictite, shale, rhythmite, siltstone, and conglomerate D D 5 '1
- Basalt and dactite with sandstone outcrops :

KGE Q

Enhanced predictions in terms of accuracy (better over all performances) and precision (less
dispersion)

->

Reduced equifinality in the prediction, better performances for the right reason.
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The PrISM approach

The PrISM*
methodology

*Precipitation Inferred from Soil

Moisture

Precipitation maps

Soil moisture maps

Root-zone SM maps

Pellarin et al. 2008, 2009, 2013, 2020; Louvet et al. 2015; Brocca et
al. 2016;

Concept of PrISM :
Exploit the differences between satellite soil moisture measurements (SMOS) and simulated soil
moisture based on an existing satellite products

Roman-Cascon et al. 2017 ; Zhang et al. 2019

STEP 1 STEP 2 STEP 3
. . Y4 . . \( . )
Satellite rainfall product Rainfall perturbation Most probable SM trajectories
40 - - - ' —60 40 : : ' 160 40 ' I ' ' — 160
E elle ellz
) e | EEE S B S
0 0
Sep
| | | |
SMOS pgrent  pevent Derived PrISM rainfall product
\_ J \_ J J
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Current real-time rainfall products The PrISM approach Results over 5 regions Conclusions / Perspectives (@

S

A\

Saro2 L
Perspectives

Imerg-ER
1) Based on a real-time precipitation product (e.g. CMORPH- VS. ¥ {T——
Raw or Imerg-ER) and SMOS measurements, the PrISM Stage IV g Pk s |
. . . . . . (RMSE mm/d) . - 24 .
precipitation product is available in near-real-time (day+4). ﬁz.m
2) All results in: T

z
% remote sensing @’ﬁ

Type of the Paper (Article, Review-Communication, etc.) Pr I S M -S M OS s
From SMOS surface soil moisture retrievals to near VS =
relzal-t.i?e rainfall estimates in Africa: the PrISM Stage IV o RMSE=4.5 mm/d
algorithm (RMSE (mm/d) ’
Thierry Pellarin **, Carlos Roman-Cascon *2, Christian Baron 3, Luca Brocca ¢, Pierre Camberlin 5,
Diego Fernandez Prieto ¢, Yann H. Kerr 7, Christian Massari ¢, G. Panthou *, B. Perrimond *, N. b ?).Aoz:u.'e 7.29612.0
Philippon !, and G. Quantin ! i : . RMSE (mm/d) |
PrIMS RMSE (mm/d)
3) The PrISM product can be freely downloaded in : e T T TR
= - -
e
- :
or RMSE T s %
i WK .
differences RN et ey o
. . . R S A ; Ny 37 1 ]
4) The PrIMS algorithm was applied to US and Australia to PriSM better g5 P 1 ‘ |
try to improve the Imerg-EarlyRun satellite product with Imerg-ER better % -
ol DRMSE (%vol) |
SMOS IMERG_Early & PriSM DRMSE (mm/d)
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ftp://ext-catds-cecsm:catds2010@ftp.ifremer.fr/Land_products/L4_PrISM
https://zenodo.org/record/3565610#.Xepq7ZNKipo

SAMOD
Sensors : AMSR, SMOS, ProbaV, Modis

Zone 1 ~ intact
Slow decrease of Biomass -
( L-vO D) 1.05}
Constant decrease of Soil )
moisture s
Small increase of LAl (EVI) S ool
(CO2 « greening ») .
Zone 2 deforested 07
Main event in 2012
Brutal decrease of .
Biomass (L-VOD) then .
slow recovery
Constant decrease of |
Soil  moisture  with Rl
increased seasonal cycle S o9
after fires ~ oss|
Sharp decrease of LAl 0g|
and then rapid recovery .
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11 years of SMOS sea-ice thickness
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o
Extent [million km?]

Thickness extent defines
area covered with ice
thicker than a threshold
area >0.035 m similar to
“traditional”sea ice extent
Autumn 2020: very slow sea
ice growth and record low
sea-ice thickness anomaly

L. Kaleschke



https://spaces.awi.de/display/CS2SMOS
https://smos-diss.eo.esa.int/

pe

»
SNOS Quantifying methane exchange using
| - | | MOS soil freeze and thaw data
Kimmo Rautiainen, Tuula Aalto, Aki Tsuruta, Vilma Kangasaho, Ella Kivimaki, Tomi
Karppinen, Jaakko Ikonen, Hannakaisa Lindqvist, Juha Lemmetyinen, and Jouni
Pulliainen
Finnish Meteorological Institute
Biospheric and anthropogenic CHs fluxes 2016-01 SMOS soil status over northern hemisphere on 2016-01
* Carbontracker Europe: CH4 (CTE-
CHA4) inversion model for estimating
methane fluxes
* Applied to estimate methane
budgets in northern latitudes during
soil freezing period in ESA METHEO
project
. . - Thaw
* SMOS soil F/T state investigated as e % i
. Partially Frozen
proxy to estimate methane flux L
L T o Y
B i ".‘w ; = Soil freezing period
* Modelled CH4 emission compared to soil freezing period from e
SMOS (shaded) for area 1 (Canadian NWT, Alaska) in 2014 5
* Methane emissions from a given area approach zero when soil is 3 [ woturat methane
finally frozen i — "
2 o Qil freezing period it
. o . . . . E 80 ’\/,\_\ zso%ﬁ_
* Delayed freezing increase contribution of methane emissions to Bal =) m S
annual budget e 8
| iy e
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Leduc-Leballeur M., Picard G., Macelloni G., Mialon A., Kerr Y., 2020, Melt in Antarctica derived from SMOS observations at L band, The Cryosphere, 14, 539-548,

Mean annual duration of the melt
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Antarctic melting...

SMOS provides a daily indicator about melt occurrences, and information
such as melt onset, seasonal melt duration, end date.

SMOS and higher-frequency radiometers provide interesting complementary
information for a better monitoring and characterization of melting events

Example over the Antarctic Peninsula during 3 summer seasons
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EIO  Quantifying Melt and Total Liquid Water on the Greenland Ice Sheet using L-band Radiometry é

=

Derek Houtz"SmMo®2
o Reza Naderpour?,
SMOS Iy melt-d XPGR Iy melt-days 2012 Find P
annually melt-days annualy melt-days indings: Mike Schwank!2
2012 SMOS Melt Days twet=10 cm 2012 XPGR Melt Days
80° 80
a) SMOS-based Snow Wetness a N
retrieved from inversion of wSsL
MEMLS (Microwave Emission ISVViSS Fe(fieré;l Reseagch .
nstitute for Forrest Snow an
Model of Layered Snowpack). Landscape Research,
7 b) SMOS melt-detection over Birmensdorf, Switzerland
Greenland is a promising GAMMA 2)
alternative REMOTE SENSING

Gamma Remote Sensing AG,

c¢) L-band provides quantitative Giimligen, Switzerland

information on snow-melt,
higher frequencies provide
only flags of melt.

60°

L-band emission model XPGR algorithm d) spatial patterns vary
Tﬁ:ﬁ it 4 to compare SMOS retrievals of snow liquid ~ Petween SMOS & XPGR
R & SVOS water

* well-known passive flagging algorithm
*derived from SMMR, SSMI, SSMI/S, Tgs
* time-series dating back to 1978

g B =
atmosphere
7 4

D.A. Houtz, R. Naderpour, M. Schwank, K. Steffen, “Snow Wetness and Density Retrieved

e Defined as: from L-band Satellite Radiometer Observations over a Site in the West Greenland Ablation
) XPGR = Tg (19H) — Tg (37V) Zone” Remote Sensing of Environment, vol 235, p. 111361, 2019.
Tg(19H) + Tg(37V) And

D.A. Houtz, C. Mitzler, R. Naderpour, M. Schwank, K. Steffen, “Quantifying Melt and Total
{ Liquid Water on the Greenland Ice Sheet using L-band Radiometry”, Remote sensing of the
i 2021 YHKerr Environment, In Review.
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dBien que au dela de 2 fois sa durée de vie SMOS est toujours en
pleine forme

dUne foule de résultats scientifigues et appligués ont émerges pendant
ces 11 années dans le domaine de l'hydrologie continentale ... et
allleurs

dDéemontrant (avec Agquarius et SMAP) l'unicité de la radiométrie en
bande L...

d ... et 'absolue nécessité d'assurer la continuité des données

dIdéalement la résolution spatiale devrait atteindre les 10-12 km afin de
satisfaire les besoins scientifigues et opérationnels

QIl faut assurer la continuité des données et vite car SMOS-SMAP ne
vont pas durer éternellement

dVoir JGLI:LD et SI\/IOS HR apres
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Launch date: November 2 2009
Nominal end of the mission: Nov 2014 extended to 2021 (at least- all elements in
perfect shape)

Mission objectives: monitoring water cycle
through soil moisture and sea surface salinity
measurements
« Climate: water cycle trends and extreme events
(droughts and floods) rainfall estimates,
« Agriculture: irrigation, water stress, yield estimates,
phytosanitary attacks,
« Oceans: General circulation, Hurricane tracking and
monitoring, very high wind speeds, rainfall amounts,
« Cryosphere, thin sea ice monitoring, snow liquid water

SMOS main innovations: _ content, snow density, Ice sheld internal temperature,
First ever L band interferometer in space Freeze thaw

First direct measurements of sea salinity _
‘

nickness extent

and soil moisture operationally from space nuan
 Global 3 day revisit (6 am and 6 pm) R
« L band Brightness temperature Multi angular
acquisitions (first time) "5y ,
Downscaled to 1 km over land Ny —

a-ice thicknes; from SMOS [m]

Se,




SAMOD

29

ULID

Chronique d’'un échec....

Yann Kerr et Francois Cabot
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Expression de besoin

1 1 = Continuité des données radiométrie bande L
O 2 > Améliorer la résolution spatiale

d 3 > améliorer la sensibilité

3 4 > améliorer la révisite

Table-3:-description-ofhow-the-different-mission-fulfil-the-users requirementsy

Missiono Spatial-resolutiono Revisito Radiometricraccuracyo
T fom Yoreg-satisfied™ | daysd %oregsatisfieds | K| %oreq-satisfied> =
o | To| Bo| Gu| ©| Ta| Ba| Gu| = | Ta| Ba| Ga [
SMOS/SMAPr 40z | 750 6o | 3| T8o 28n| Io| 620 43n| 320 [T
CIMRExo (] o} So jo| 95n; T0o| 0.77 90n 660 [
Hexagono 23z [ 8lo E 20| 32| T8o 28a| 0.59 Tlo =
SMOS-HEn | /0= | 87no 2%p | 3z | T8m 280 0.59 Tlo =

Table-3-depicts-the -different-mission-(with-SMOS-SMAP -as-a kind-of vardstick)-and -how-they-
fulfil-the users’ -requirements-as-depicted-in-Figure-3-to-Figure-3_-For-each-category-the -first-column-
corresponds-to-the-expected-actual -values-and-the-following-three-the-Threshold-(T). -breakthrough-
(B)-and-goal {()-degree-of satisfaction ¥
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Comment y arriver?

O nouveaux concepts?
» Long a developer

» Risqué (continuité des données)
> ... Mmais a faire

O S’appuyer sur I'existant et prévoir une montee
» Concept interférométrique plus adapté (etude Nasa)

> Pallier aux défis actuels
v Sensibilité radiométrique
v" Risque techno
» “Capitaliser” sur d’autres programmes et technologies

1 D’ou une proposition en Trois phases

Séminaire sur les missions spatiales en lien avec I'hydrologie continentale a I'OMP 1¢ octobre 2021 Yann H Kerr




Futures missions de radiométrie en bande L

SAMOD

Woy
Noy Noy
SMQOS ULID SMOS-HR SMOS-Next
Lancé en 2009 Lancement en 2023 ? Lancement en 2027 ? Lancement en 2031 ?
Résolution 40km Démonstration Résolution 10-15km Résolution 4km

Sensibilité 2K Pas de produits Sensibilité 2K Sensibilité 2K




O

8

Donc ....
Q Etape 1 Ulid (2023)
» Vol en formation
Synchro d’horloges a 10 ps
Tests grandeur nature (proof of concept)
Préparation programme Sciences de I'Univers
Développement nano industriel avec quelques défis intéressants
Codts réduits pour gros retour techno
Avance Francaise dans le domaine (industriels francais bien impliqués)

V.V YV V VY

d Etape 2 SMOS-HR (2028-29)
> Faisabilité établie
» Contribution en partenariat avec NRSSC et CAS
» Capitalisation des savoirs et conservation de I'avance francaise et européenne dans le domaine
(avec industriels motives)

O Etape 3 SMOS nouvelle géenération (~ 2035)

» Selon retours d’expérience
v" Super SMOS-HR et ou SMOS-HR plus Ulid
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Malis

 Gestion bizarre du projet
J Charrue mise souvent avant les boeufs
O Etc...

J BREF
» Abandon Ulid!

d EXEUNT

 Bonne nouvelle cependant, les Allemands du DLR vont le faire et donc combler leur
retard
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Conclusions

O SMOS marche tres fort (et SMAP aussi)
» Mais ne va (vont) pas durer éternellement
4 Il FAUT assurer la suite
» SMOS-HR
v' Concept costaud (Phase A) avec bon TRL
v' FORT Support des scientifiques et industriels

J Dans un contexte hostile

1 A NOUS (tous) de jouer si vous pensez que nous avons besoin de | bande L! RIEN
N'arrivera tout seul ... ou par bon sens!!!
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