SMOS: First in flight results
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ABSTRACT

The SMOS mission aims at allowing a frequent and global nooinig) of two geophysical parameters: Soil Mois-
ture and sea surface Salinity. These two quantities aredeéghbles for climate studies, weather forecast and water
resources management. To achieve this goal, a two dimeise@rferometer operating at L band was developed
and eventually launched on November 2 2009. The SMOS missing at providing a global frequent coverage
of the globe with a spatial resolution of 43 km on average (@/mkax).

1 Introduction

It is now well understood that soil moisture and sea surfatieiy are required to improve meteorolog-
ical and climatic predictions. There are also key elememta$sessing and forecasting extreme events
(floods, droughts) and, obviously for improving water reses managemen. These two quantities are
not yet available globally and with an adequate temporalpdiagy So as to cover this data gap, it has
been recognized that, provided it is possible to accomneodatuitable antenna on board a satellite,
L Band radiometry was most probably the most promising wafulfil this gap [1]. It is within this
framework that the European Space Agency (ESA)’s seletieddécond Earth Explorer Opportunity
Mission, namely the Soil Moisture and Ocean Salinity (SM@f&sion P]. The SMOS mission a joint
program lead by ESA with the CNES in France and the CDTI in 8p&MOS carries a single pay-
load, an L band 2D interferometric radiometer in the 140071MIHz protected band] as depicted on
Figure2. This wavelength penetrates well through the vegetatiortlamatmosphere is almost transpar-
ent. Consequently, the instrument probes the Earth suefaégsivity without much hindrance. Surface
emissivity can then be related to the moisture content infitlse few centimetres of soil over land,
and, after some surface roughness and temperature congcsipatio-temporal aggregation, to the sea
surface salinity over oceans. It must be noted that the desfighe instrument is so that either Dual
polarisation of full polarisation modes can be operated.rBast striking feature of SMOS is it capacity
to retrieve the angular brightness temperature signatfrése target, enabling hence to separate the
different contributions to the signal (Soil and vegetatiayer).

2 Context and specifications

SMOS is an ESA Earth Explorer mission with significant nagiorontributions provided by the French
and Spanish Space Agencies, the Centre National d'Etudatatis (CNES) and the Centro para el
Desarrollo Technologico Industrial (CDTI). The payloadhsists of a passive microwave 2-D interfero-
metric radiometer, operating in L-Band (1.4GHz, 21cm), pasing a central structure and 3 deployable
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Figure 1: SMOS launch in Plesetzk

Figure 2: Artist view of the SMOS satellite
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Figure 3: Surface angular signature

arms holding the equally distributed 69 antenna eleme0S measures the brightness temperature
emitted from the Earth at L-band®,[3] over a range of incidence angles (0 to 55°) across a swath of
approximately 1000km with a spatial resolution of 35 to 50 KMOS was launched on November 2
2009 (fig.1).

The orbit is sun-synchronous at 763km altitude with meaallsolar time at ascending node equal to
6:00 hours am The field of view (FOV) has an hexagonal shapahendpatial resolution is of 35km
at centre of FOV while the temporal resolution is of 3 daystl& Equator for ascending passes).
The operational mode can be either full or dual polarisatigth a radiometric accuracy(dual pol) of
respectively 1.8 K (at 180K) and 2.2 K (at 220K). Data will bade available in Near Real time by the
end ofthe commissioning phase.

3 Scientific objectives

Soil moisture and ocean salinity are key variables in theeiveycle and global observations of these
two values will enhance our ability to predict changes inEagth System, in particular the climatal.[
Soil moisture observations will further our knowledge atypocesses in the water and energy fluxes at
the land surface — atmosphere interface and will providerimétion on storage of water (surface and
root zone), water uptake by vegetation (root zone), fluxdisesinterface (evaporation) and the effect of
these on run-off. This knowledge is important to improve eneblogical and hydrological modelling
and forecasting, water resource management, the momjtofiplant growth, and contributes to the fore-
casting of hazardous events such as floods. Ocean salindgureaments will aid the characterisation of
global ocean circulation and its seasonal and inter-anvarability and are thus an important constraint
in ocean (-atmosphere) models. SMOS observations willdrgseasonal to inter-annual (ENSO) cli-
mate predictions and the estimates of ocean rainfall arslttieiglobal hydrologic budgets. They will
also aid the monitoring of large-scale salinity events angrove monitoring of sea-surface salinity
variability. The latter is needed to better understand dradacterise the distribution of bio-geochemical
parameters in the ocean’s surface and upper layers. SMG8valisns will also provide information
on the characterisation of ice and snow covered surfacetharsda ice effect on ocean-atmosphere heat
fluxes and dynamics, which affects large-scale processthe @arth’s climate system.
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4 Mission requirements

Moisture and salinity influence the respective emissionattaristics of soil and seawater and thus the
emitted microwave radiation of the Earth’s surface. Measuants of soil moisture at L-Band are based
on the fact that emissions from the Earth show a large cdriiete/een water and land due to the large
difference between the dielectric constants of water apdait. The attenuation of the emitted radiation
due to vegetation is moderate at L-Band for vegetated arghsabiomass < 5 kg m?, which applies
for 65% of the Earth’s land surface. The retrieval of soil staie from emitted radiation, expressed in
brightness temperatures TB, has to consider a variety thiment parameters (radiometric sensitivity
and accuracy, calibration stability, interferometric geareconstruction), surface characteristics (soll
surface roughness and texture, land cover, surface hetegitg dew, intercept, snow, topography, litter
effect, surface water) and radiofrequency interferei@e3oil moisture is a measure of the amount of
water within a given volume of soil and is expressed as a péage on a volumetric basis®/m?). From
space, the SMOS instrument is aimed at providing measutsnoéthe soil moisture of the first few
centimetres with a accuracy better than @@4n®. The requirements for soil moisture measurements
are: accuracy of 0.0d%/m? volumetric soil moisture; spatial resolution 35-50 km;isévtime 1-3 days.

5 SMOS data products

The following SMOS data products will be availablg it the end of the commissioning phase: 1.Level
1 (A, B, C); 2.Level 2 for soil moisture and ocean salinity @cting to surface type; 3.Near-real time
product. Level 3 (global, single instrument) and level 4fgill, multi-instrument) data is being devel-
oped and available through the French national programmieDGA

51 Levell

The Level 1A product comprises calibrated visibilitiesviee¢n receivers prior to applying image re-
construction. Level 1A products are physically consokdain pole-to-pole time-based segments. The
Level 1B product is the output of the image reconstructiothefobservations and comprises the Fourier
component of the brightness temperature in the antennaigailan reference frame. The Level 1C
product are multi-angular brightness temperatures aojfhveftthe atmosphere, geolocated in an equal-
area grid system (ISEA 4H9 - Icosahedral Snyder Equal Aregegtion). Two different Level 1C
products are generated according to the surface type: artaigimg only sea and the other only con-
taining land pixels. Two sets of information are availalgecel-wise and snapshot-wise. For each Level
1C product there is also a browse product containing braggrnemperatures for an incidence angle of
42.5°( see fig4).

5.2 Level 2

The Level 2 soil moisture product contains not only the sailsture retrieved, but also a series of ancil-
lary data derived from the processing (nadir optical théds) surface temperature, roughness parameter,
dielectric constant and brightness temperature retriewedp of atmosphere and on the surface) with
the corresponding uncertainti8§[ As for the Level 1C, the product is geolocated on the ISEd.gr

110 ECMWF/GLASS Workshop on Land Surface Modelling, 9-1&lober 2009



KERR, Y.H. ET AL.: SMOS: FRST IN FLIGHT RESULTS

Figure 4: Example of Brightness temperatures over the AcasrfLevel 1¢c data December 12, 2009)

5.3 Near-real time product

The near-real time product, similar to the Level 1C produttduljusted to requirements of operational
meteorological agencies such as ECMWF and MeteoFranckbevavailable less than 3 hours from
sensing. It contains brightness temperatures at the tdpeatmosphere on an ISEA grid with reduced
spatial resolution.

5.4 Cal val activities

A variety of campaigns, such as DOMEX, CoSMOS, WISE, LOSAORDOSTARRS, FROG have
been (and will be) performed to investigate uncertaintiehie soil moisture and ocean salinity retrieval.
The major aspects to investigate with regard to soil magsaue the influence of the various types of
vegetation and their seasonal variability, as well as tifleaence of surface roughness. Over oceans,
the impact of sea-surface state on the polarimetric radigengignal is the main issue. The DOMEX
campaigns will provide information for vicarious calibmt(Fig. 5).

6 Conclusion

The mission requirements are to retrieve soil moistureajlgtior all the nominal surfaces with an ac-
curacy of 0.0 4/m® every 3 days at most and with a spatial resolution better Hakm, Vegetation
water content with same spatial resolution but every 7 daysea surface salinity with a 200 km spatial
resolution every 10 to 30 days and an accuracy of 0.1 psu.alssexpected to soon be able to infer
root zone soil moisture using assimilation schemes.Thegtiactivities cover mainly science research.
The mission is new by several aspects: i) measurements (@ déamssion from space) does not have
a long track record to say the list and, ii) there are no reasueements of surface soil moistudd [
or sea surface salinity to date to infer or test algorithmd @ssumptions; moreover, iii) the technique
used here to break the spatial resolution frontier is vemehand relies on a almost never tested from
space technique: the 2D interferometry. So the wealth @nsific studies and related technological
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Figure 5: Acquisitions over Antarctica (first week of Febip@010)

challenges are very high. On the Science part the diffessarhs (from all over Europe, from the US,
Canada, Japan, China, India, Australia, South America dndaand even Antarctica!) are addressing
the different issues still to be tackled so as to provide tlostrappropriate and efficient set of retrieval
algorithms from the current state of the art. The activiliesseveral folds. Intensive basic research work
is still currently underwayj], while the Cal Val programme has started being implemerifecaddress
all these, a number of collaborative studies are underway.iffstance, so as to cover the gap linked
to the novelty of the approach and of the measurements, &iimus and generation of synthetic data
sets to build test data sets a performed. The results araisdgbto assess retrieval algorithms. Large
field campaigns either on the long time scale or very intensixer specific targets have been carried out
over Land and sea to address the specific issues relatedigvaktvith perturbing factors. In parallel
intensive efforts are devoted to the basics of interferoymeét it the optimization of image reconstruc-
tion or devising the most efficient calibration scheme. Témoad fold of the research activities is in the
direction of the step forward. To be even more useful for bialyy and water resources, a higher spatial
resolution is sought for. A number of studies show now thesibifty to dis-aggregate SMOS data to a
few kilometres using external data and models. Finally seffats are also being devoted to external
but important issues such as Galactic contribution to theadj Sun’s emission variation monitoring or
radio frequency interferences. Obviously, as with any wenpvative approach, we were all anxious to
get the first real data to touch and feel the real brightneapdeature sat L Band. the most dispointing
piece of news was the large amount of Radio frequency im@mrées (RFI) encountered, especially over
Europe (see figuré). nevertheless, it is expected that with actual data wehweilable to significantly
improve our understanding of the processes and hence amcsgileading to better applications. Look-
ing ahead into the future a brief introduction one may sethbth the science community and the end
users are confident in the science return for SMOS as a palttepirational SMOS follow on system
(SMOSops) is already on the table, for which technology igreent is about to start.
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eriod (20100108 - 20100201 => 570 half orbits
passes - Dual & full polarisation products

Figure 6: RFI probability over Europe as measured by the ll@vsoil moisture processor

expected.
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