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Abstract

Contracted by the European Space Agency (ESA), the Eurdpeaire for Medium-Range Weather Fore-
casts (ECMWF) is involved in global monitoring and data adsition of the Soil Moisture and Ocean
Salinity (SMOS) mission data. For the first time, a new inrivearemote sensing technique based on ra-
diometric aperture synthesis is used in SMOS to observersmgture over continental surfaces and ocean
salinity over oceans. Monitoring SMOS data (i.e. the corigpar between the observed value and the
model equivalent of that observation) is therefore of sgidoiterest and a requirement prior to assimila-
tion experiments. This report is the third Monitoring Repdelivered to ESA. The objective is to report
on the monitoring activities of SMOS data over land and sea tong term basis, investigating also the
multi-angular and multi-polarised aspect of the SMOS olat@yns. This report presents results for thirteen
months (December 2011- December 2012) of SMOS data mamitariNear Real Time obtained through
the SMOS monitoring suite of ECMWEF.

1 Introduction

ECMWEF has developed an operational chain which monitors SMOS data mRéeé Time (NRT) at global
scale, as explained irl®). Monitoring is carried out routinely for each new type of satellite data dpnou
into the operational Integrated Forecasting System (IFS) at ECMWHFRune¥ical Weather Prediction systems
monitoring is mainly focused on the comparison between the observed vaiabtee model equivalent sim-
ulating that observation, because this is the quantity used in the analysis.

For SMOS, monitoring is produced separately for land and oceans.e&len is the strong contrast between
the dielectric constant of water bodies and land surfaces, which in todupes very different emissivities
and observed brightness temperatures at the top of the atmosphere.nbmitering SMOS data separately
over land and oceans increases the sensitivity to the statistical variableeowdr, the multi-angular and
multi-polarised aspect of the observations is also accounted for in the mogitbrain by monitoring the data
independently for several incidence angles of the observations amadgolarisation states at the antenna
reference frame.

The developed framework makes it possible to obtain daily statistics of thevakises, the model equiva-
lent of the observations computed by the Community Microwave Emission MG&MEM) (5; 3), and the
difference between the two quantities, the so called first-guess depariline statistics are computed over
several weeks of data. This is a very robust way to identify systematireiif€es between modelled values
and observations. Furthermore it also set the basis to investigate andtandehe new observations before
they become active in the ECMWF land assimilation scheme.

This Monitoring Report (MR3) on SMOS data is the third monitoring reporivéedid to ESA. In the first one
(11) the monitoring website and statistical products were described. Thedseoenl0) showed results ob-
tained in NRT for the period November 2010- November 2011. This documenitors the period December
2011-December 2012. It follows the same strucuture than the previpaosg,rallowing a better comparison
with the statistics obtained in 2011.
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2 SMOS observations at ECMWF

SMOS NRT products are processed at the European Space Astroranmtrng (ESAC) in Madrid (Spain) and
sent to ECMWEF via the SMOS Data Processing Ground Segment (DPGSadeterThe product used at
ECMWEF is the NRT product which are geographically sorted swath-bamssgab of brightness temperatures.
The geolocated product received at ECMWEF is arranged in an empaabad system called ISEA 4H9 (Icosa-
hedron Snyder Equal Area grid with Aperture 4 at resolution 9) [S§e For this grid, the centre of the cell
grids are at equal distance of 15 km over land, with a standard devidtim® &m. For the NRT product, the
resolution is coarser over oceans as they present lower heterogetigtieeontinental surfaces. The format
of the NRT product is the Binary Universal Form for the Representationeteorological data (BUFR). Each
message in BUFR format corresponds to a snapshot where the integiragde 1.2 seconds. In average, each
shapshot contains around 4800 subsets over land.
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3 Monitoring over land

In this section some of the more relevant results obtained with the monitoring segt@ [description in part I
of (12) and @L1)] over land surfaces are shown.

3.1 Simulations of brightness temperatures

In order to simulate brightness temperatures at L-band and compare thearS8®I®S observations, ECMWF
has developed the Community Microwave Emission Model (CME#®)) (it constitutes the forward model
operator for low frequency passive microwave brightness tempesatdirhe surface. Although for SMOS
purposes it is used at 1.4 GHz, potentially it can be used up to 20 GHz. dftusase package is fully coded
in Fortran-90 language. It has been designed to be highly modular prgvadgood range of 1/O interfaces
for the Numerical Weather Prediction Community. CMEM surface forcing cofren the integration of the
operational H-TESSEL (Hydrology Tiled ECMWF Scheme for Surfacehaxges over Land) land surface
scheme [{)]. H-TESSEL is forced with meteorological fields of surface pressspecific humidity, air tem-
perature and wind speed at the lowest atmospheric level. The surthagaa and precipitation flux represent
3 hourly averages, and they are kept constant over a 3 hour peftoelintegration of HTESSEL provides
the soil moisture and soil temperature fields, as well as snow depth anddemsity fields, which are then
coupled with CMEM to simulate ECMWF first-guess L-band brightness temperatAdditional land surface
information needed is soil texture data obtained from the Food and Agrieufitganization (FAO) data set,
whereas sand and clay fractions have been computed from a lookup¢ableling to 15). The soil roughness
standard deviation of height/j parameter in CMEM is set to 2.2 cm as if).(\egetation type is derived from
the H-TESSEL classification, whereas a MODIS climatology is used to de@yarea index (LAI).

CMEM’s physics is based on the parameterisations used in the L-BandwéicecEmission of the Biosphere
[LMEB, (17)] and Land Surface Microwave Emission Model [LSMEM,)]( The modular architecture of
CMEM makes it possible to consider different parameterisations of the ietélctric constant, the effective
temperature, the roughness effect of the soil and the vegetation andpagriosontribution opacity models.
In the current configuration of CMEM, the vegetation opacity modelBdfig used, in combination with the
(16) dielectric model, the18) effective temperature model and the simple soil roughness modg).ofr hie
atmospheric contribution is accounted for as 1d)( This combination of parameterisations were shown to
be well suited for brightness temperature modellifg3;, 13). However these results are based on local and
regional scale experiments. A global sensitivity study with SMOS data kasttg been conducted for assim-
ilation purposes. The best CMEM configuration, in terms of best corralatith SMOS observed brightness
temperatures for the year 2010, will be used from the coming ECMWF c@é@ 3expected to be operational
25 June 2013. Therefore, it is expected an impact in the statistics.

Note also that CMEM is a SMOS Validation and Retrieval Teams (SVRT) toelyfravailable ahttp://www.
ecmwf.int/research/ESprojects/SMOS/cmem/cmeandex.html More information about CMEM can be found
in (4).
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3.2 Time-averaged geographical mean fields.

Fig. 1 and Fig.2 show the brightness temperatures as a function of the incidence angléyf@012 and for

six incidence angles multiples of 10, averaged in boxes of 0.25 degriged. i& for XX polarisation whereas
Fig. 2 is for YY polarisation. These figures show very similar averaged valtiesightness temperatures as
those shown in the same figure dfof. Both polarisations behave as theoretically expected, i.e., brightness
temperatures decreasing with the incidence angle for XX polarisation {fremveraged 240.1 K at 10 degrees
t0 219.7 K at 60 degrees) and increasing for YY polarisation (from tkesayed 241.7 K at 10 degrees to 259.5
at 60 degrees). The same Hard Radio Frequency InterferencefilRiFlas in (L1) was applied to the observed
brightness temperatures, i.e., rejecting observations out of the [50,36@n¢al. However, RFI is still present

in some parts of Europe, and especially in Asia, and it contaminates the sigstakr areas, thus obtaining
many observations close to 350 K.

Fig. 3 shows the evolution of the SMOS observed brightness temperaturesrstalegation at global scale,
from January to October 2012 (one averaged value per month), a&gt8easb incidence angle and for XX po-
larisation. Fig.4 is the equivalent figure for YY polarisation. These statistics are also ctepn spatial
boxes of 0.25 degrees. As explained 1) most of the red colour observed in Europe and Asia is due to
areas affected by RFI. Many of these sources of RFI are intermittehtheay can contaminate large areas
around the source. These plots still show strong sources in China atfddidndia, but also significant con-
tamination in the Middle East and East of Europe. As it happened in 201Y,Ythmolarisation is in general
more affected by RFI in regards to the extension of the affected arealyni@énNorth of China, however
India is less affected in YY polarisation. In general, the situation in Westaroge is quite clean, as was
reported too during 2011 (in 2010 Western Europe was one of the niesteaf areas by RFI). However, dur-
ing summer 2012 the apparition of new very strong sources of RFI in Pelaadeported (see more details in
https://earth.esa.int/c/document _|ibrary/get_file?fol derl d=234899\ & ane\di scretionary{-}{}{}=DLFE- 3603. pdf )
This can be clearly seen in the September and October 2012 plots & &gl Fig.4. For these months, the
global mean standard deviation of the observations is increased, anddi@gined by this extra sources of
RFI. Also additional sources seem to affect strongly Europe in Fep2G11. America, Africa and Australia
are little affected by RFI. These areas show good sensitivity to soil moigauiations and are important for
assimilation experiments as they carry valuable information about soil moisture.

Figs.5 and 6 show the evolution of the first-guess departures (observed brightmapsratures minus the
CMEM model equivalents) at the antenna reference frame from Jatm@rctober 2012 (one averaged value
per month), at 40 degrees incidence angle and for XX and YY polarisatiespectively. The model clearly
underestimates the observations in areas covered by snow and icgakyger XX polarisation, which is a
consequence of the not yet accurate representation of the modeMamizger these areas. The line of snow
can be clearly followed in XX polarisation, as well as regions with strongmaghy (see for example the Hi-
malayas chain in Figh). The sensitivity to snow and ice in the YY polarisation is much weaker. In s,
systematic negative bias is present as it happened in 2011, which partladkeid to the lack of variability of
the roughness parameterisation used in CMEM for these plots. The biexvetén these figures are only for
40 degrees incidence angle, but they are different depending onghe dhis is discussed in secti8. The
extraordinary underestimation of the observations in September and ©2@iieof Figs5 and6 is not due to
natural causes, but this is a consequence of the new sources ohRRIshowed up in summer 2012 in Poland.

The patrticular situation of RFI in Europe and the new RFI sources of Balreaummer 2012 are shown in
Fig. 7. The punctual red dots observed in these plots, show large disagreleeteeren the observations and
the model, and are linked to fixed sources of RFI. The number of thesamotsuch reduced compared to the
same figure of 2011 inlQ). The efforts of the teams working on switching off sources of RFI inogarcan
be appreciated in these plots. However, there are still remaining fixedesyws for instance around London
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in UK. Their intensity is limited and the contaminated area seems to be mainly condttaitiee location of
the source. The problems appeared in Poland in summer 2011 are clestyexbfrom August, but especially
intense in September and October 2012, which contaminate most of Europe.
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Figure 1: July 2012, geographical mean of the SMOS observigihiness temperatures as a function of the incidence
angle, for XX polarisation. Each value represents a meanevaf all the data inside a box of 0.25 degrees.
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Figure 2: As in Fig.1 but for YY polarisation.
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Figure 3: Monthly global mean of the SMOS observed brigtgriesperatures standard deviation, for XX polarisation,
from January 2012 to Octobre 2012. Each value representsammalue of all the data inside a box of 0.25 degrees. The
incidence angle is 40 degrees.
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Figure 4: As Fig.3, but for YY polarisation.
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a) January 2012 Min: -193.9, Max: 145.7, Mean: -0.2 f) June 2012 Min: -219.7, Max: 131.3, Mean: -7.8
40 40
60°N 32 60°N[ 32
24 24
30°N 16 30°N 16
O] 8 0| 8
o°N o o°N 0
30° B 30 8
16 B -16
60°S 24 60°s L -24
-32 -32
-194 -220
150°W 90°W 30°W 0°E 30°E 90°E 150°E 150°W 90°W 30°W 0°E 30°E 90°E 150°E
b) February 2012 Min: -194.9, Max: 139.6, Mean: 0.4 g) July 2012 Min: -207.9, Max: 127.1, Mean: -7.3
40 = 40
60°N 32 60°N [ ST 32
24 A Eitandiiie s A, 24
30°N 16 30°N "~ S 16
(] 8 Of ’ y 1 8
0°N 0 0°N 0
30°S 8 300 8
-16 . -16
60°5 24 60°S ! 24
-32 ' : -32
-195 -208
150°W 90°W 30°W 0°E 30°E 90°E 150°E 150°W 90°W 30°W 0°E 30°E 90°E 150°E
¢) March 2012 Min: -199.8, Max: 155.2, Mean: -0.9 h) August 2012 Min: -228.9, Max: 134.9, Mean: -6.9
40 I P ; 40
60°N 32 60°N [ e Rt 32
24 S s /) 24
30°N 16  30°N ¢ AT 16
o 8 . i ; " 8
O'N 0 o'N L5 0
30°S 8 30° : -8
-16 -16
60°S -24 60°S 24
-32 t : : 32
-200 -229
150°W 90°W 30°W 0°E 30°E 90°E 150°E 150°W 90°W 30°W 0°E 30°E 90°E 150°E
d) April 2012 Min: —204.1, Max: 146.8, Mean: -2.4 i) September 2012 Min: -216.4, Max: 134.7, Mean: -5.8
40 | 40
60°N 32 60°N 32
24 24
30°N 16 30°N 16
o 8 o 8
0°N 0 0°N 0
30°S 8 305 -8
-16 -16
60°S -24 60°S 24
-32 32
S . W O°F 207 S S -204 . o oW O°F 20° - S -216
150°W 90°W 30°W 0°E 30°E 90°E 150°E 150°W 90°W 30°W 0°E 30°E 90°E 150°E
e) May 2012 Min: -204.9, Max: 145.5, Mean: -4.2 j) October 2012 Min: -203.6, Max: 151.8, Mean: -3.0
40 I 40
60°N 32 60°N ™ 32
24 24
30°N 16 30°N 16
O] 8 0| 8
0°N 0 0°N 0
30°S 8 305 -8
-16 -16
60°S -24 60°S 24
-32 32
-205 -204
150°W 90°W 30°W 0°E 30°E 90°E 150°E 150°W 90°W 30°W 0°E 30°E 90°E 150°E

Figure 5: Monthly global mean of the first-guess departuresMeen SMOS observed brightness temperatures and the
CMEM model equivalents, for XX polarisation at 40 degreegdience angle.
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SCECMWF
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Figure 6: As in Fig.5, but for YY polarisation.
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3.3 Time series

Figs.8to 15 present time series of the observed brightness temperatures, CMEM egoidlalents, first guess
departures and number of observations, from December 2011 tay&@18. Each value represents one mean
value per ECMWF 4DVAR 12 hours assimilation cycle averaged at gloladée skemisphere or continent.

Fig. 8 presents the results obtained at global scale over land pixels. Left igafioe XX polarisation and
right panel for YY polarisation. The bias presented in these figures shmilar values that those irLQ) for
2011. For XX polarisation the annual cycle of bias is dominated by snowicandovered areas. They can
influence the mean bias as much as 10 K. The YY polarisation is less sensisimevipand the global mean
bias stay quite steady during the whole year. For this polarisation, the meetelstimated the observations
around 14 K. The bias in the standard deviation show a larger variabilithéYY polarisation. This is due
to the strongest sensitivity of this polarisation to RFI sources, as it wagstior example, in Fig4 compared
to Fig. 3. However, the XX polarisation also shows a larger variability during thevamonths at the North
Hemisphere.

As it was expected, the bias of the standard deviation are smaller and naeeistdne Southern Hemisphere
(Fig. 10) than in the Northern Hemisphere (F®).due to the stronger presence of RFI in the Northern Hemi-
sphere. Compared to 2011, bias of the standard deviation are 2-3 K sma&t2 in the South Hemisphere,
whereas is not that clear in the North Hemisphere due to the strongerilyriaitbias. The largest variability

is found in Europe (Figll) and Asia (Fig12), with values comparable to those of 2011. The XX polarisation
also shows a minimum value of bias in Europe and Asia during the summer moitthgevy little percentage

of land covered by snow. For these months the model overestimates theatioses. North America (Fidl3),
South America (Figl4) and Australia (Figl5) show more stable bias. South America, being most of the year
free from snow and with little affected by RFI, present a very systematgibi®X polarisation of -21 K, and
-14 K for YY polarisation, whereas the bias of the standard deviationlase ¢to 20 K for both polarisations.
Lower values of the bias of the standard deviation, between 18 and 2 Kound for South America and
slightly larger for Australia. The larger variability of bias in Australia (alsseffrom RFI and snow most of the
year) is likely due to larger variations of soil moisture. This indicates a potgyacad area for assimilation.

At the beginning of July a decrease in the number of observations andea lariability is observed. This
issue is under investigation. The larger variability observed in the numlmdrsefrvations in Australia depends
logically on the position of the satellite at the time of the acquisition.

In summary, the current CMEM parameterisation used in the current SM®&aring suite produces model
equivalents which overestimate the SMOS observed brightness tempgrdayir@ound 20 K at 40 degrees
incidence angle. An annual bias cycle is observed, stronger for thpotatisation than for YY polarisation.
This cycle is dominated by snow covered areas in the North HemispheredeBethe observations show
stronger sensitivity over periods with snow. The largest variability of the bf the standard deviation in YY
polarisation is due to the largest sensitivity to RFI sources. South Americgoigchexample of stable bias, as
both of the previous factors (snow and RFI) do not affect the statidticssimportant to note that although for
SMOS snow covered areas are interesting for monitoring purposesyaliens over snow will not be used for
assimilation experiments.
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Figure 8: Global scale, time series from December 2011 tauday 2013 over continental surfaces, at 40 degrees inci-
dence angle, of mean bias (top figures), mean standard dmviet bias (second top row), comparison between observed
brightness temperatures and the CMEM modeled equivalénitd fow), and number of observations (bottom figures).

Each value is an averaged value per ECMWF 4DVAR 12h cycld. pagkl is for XX polarisation, right panel for YY

polarisation.
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Figure 9: As in Fig.8 but for the North Hemisphere.
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Figure 10: As in Fig.8 but for the South Hemisphere.

16 Monitoring Report to ESA



ESA monitoring report on SMOS data in the ECMWF IFS

SCECMWF

a) XX polarisation
— OBS-FG
204

10 1

oﬂ'fmn‘"\- ;
10- w
-201

Jan FebMar AprMayJun JuI Aug Sep Oct NovDec Jan
2012 2013

—— stdv(OBS-FG)
44

T

Jan FebMar AprMay Jun JuI Aug Sep Oct NovDec Jan

b) YY polarisation
—_ OBS—FG

Jan FebMar AprMayJun JuI Aug Sep Oct NovDec Ja
2012 2013

—— stdv(OBS-FG)

e

Jan FebMar AprMay Jun JuI Aug Sep Oct NovDec Jan

2012 2013 2012 2013
— OBS — FG — OBS — FG
285 300
265 280 1
245 e e S vy
225 240 1
205 L e
Jan FebMarAprMayJun Jul Aug Sep Oct NovDec Jan Jan FebMar AprMay Jun Jul AugSep Oct NovDec Jan
2012 2013 2012 2013
— n_all — n_all

m

200000 200000
£ 160000 160000
8120000 8120000
£ 80000 £ 80000
Z 40000 Z 40000
0 0

Jan FebMar AprMay Jun Jul Aug Sep Oct NovDec Jan Jan FebMar AprMay Jun Jul Aug Sep Oct NovDec Jan
2012 2013 2012 2013

Figure 11: As in Fig.8 but for Europe.
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a) XX polarisation b) YY polarisation
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Figure 12: As in Fig.8 but for Asia.
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a) XX polarisation b) YY polarisation
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Figure 13: As in Fig.8 but for North America.
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a) XX polarisation b) YY polarisation
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Figure 14: As in Fig.8 but for South America.
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Figure 15: As in Fig.8 but for Australia.
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3.4 Angular distribution of bias

In section3.3 an analysis of the bias was given at 40 degrees incidence angle. Eloiievresults presented
can considerably change depending on the viewing angle. The anggtlanudion of bias product (named as
'scatter plots’ in the website) monitors the bias as a function of the incidergte.afhis section summarizes
the averaged results obtained for the whole year 2012.

Fig. 16 presents the time and spatial averaged bias as a function of the incidgieeadrmylobal scale for the
Northern and Southern Hemispheres, and for XX and YY polarisatioits. 1 presents the angular distri-
bution of bias for some regions: Europe, North America and Australia. cblmured scale bar refers to the
number of observations within each level of bias. It is easily noticeabletlieatumber of observations in
Fig. 16is much larger than in FidL7, especially near the zero bias, because the areas over which statistics ar
computed are much larger. At global scale the number of observatioosraed for in these plots is greater
than 869 millions, 503 millions for the Northern Hemisphere and 365 millions for theh®rn Hemisphere,
respectively. This gives an idea on the large number of observatitaimied with SMOS, this despite that only
observations whose incidence angles are multiples of 10 are included énpllo¢s.

It is shown that, independently of the area shown, the mean bias as a fuottize incidence angle for YY
polarisation maintain the same distribution. In this case they are maximum at 3&ddground -20 K) and
minimum at 60 degrees (close to zero). The same values were shol@).inThere are more variability for
XX polarisation. The reason is likely the contamination by RFI sources. BhéhIHemisphere presents more
uniform bias per incidence angle, closer to zero, whereas they ass g grow with the incidence angle in
the North Hemisphere. Australia present large bias at 60 degrees fpo)Xisation, in average greater than
-30 K. Only a few percentage of observations in Australia present yesitas (blue colours in Figd.7e and
17f). However, bias as large as -90 K can be found here. A good fraofidustralia is covered by deserts and
many other pixels have a significant fraction of bare soil. The influentizeo$oil roughness on the simulated
brightness temperatures is especially important here. Likely, the cuaearpgterisation does not account well
for the strong variability of soil moisture in this area. With the new coming paraieat®n of soil roughness,
it is expected to decrease significantly these bias.

These figures also show a significant number of observations with lesggtiess departures. These are mainly
due to RFI sources, but they are not the only reason as explaingd)in (
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Figure 16: Mean bias as a function of the incidence angle f&rpélarisation (left column) and YY polarisation (right
column), for the whole year 2012. Only continental surfearesconsidered in these figures.
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Figure 17: As Figl6 but for Europe, North America and Australia.
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3.5 Hovmoller plots

Hovmoller plots provide a latitudinal-temporal perspective of a statistical varidbléne plots of this section,
each point represents a 12h average per 2.5 degrees of latitude maheyit possible to study the seasonal
evolution of the statistical variables under study per bands of latitude, anefohe they are very complemen-
tary of the time-averaged geographical mean fields and time series. Hyrotlems in the data that could be
unnoticed in time-averaged geographical plots can be easy identified eplugs.

In Fig. 18the Hovnoller plots of the observed brightness temperatures are shown for fbd frem December
2011 to January 2013, for six incidence angles. They clearly showetsorality of brightness temperatures
for both polarisations, increasing towards the Northern Hemisphera,Ntay until August, and increasing in
the Southern Hemisphere the rest of the year. This is especially visiblelagé®es incidence angle. Maximum
values are obtained at tropical latitudes. A strong difference is ols@mie mean brightness temperatures
between 20 and 60 degrees incidence angles, with a mean differerm#tigrolarisations of more than 15 K.
These values are equivalent to those shown for 2011.

First-guess departures are presented in By for the XX polarisation. They are very well correlated with
snow covered areas for this polarisation, as the emission over snoweénityistrongly underestimated, so
large departures are obtained in these areas. It is observed that threumagf snow cover is obtained in
February in the North Hemisphere, with snow down to a latitude of approximafetiegrees North. The An-
tartic region is also clearly seen in these figures, as presenting the sameisgghat the snow covered areas in
the North Hemisphere (a likely underestimation of the soil emission). In getleeadepartures in the Equator
are quite low, as the representation of dense vegetated canopies is quitd@and the annual dynamic small.
The white line observed around 60 degrees South is due to the absdand pbints. The averaged values of
first-guess departures are very similar to those of 2011, with diffesamdkecting the different distribution of
soil geophysical variables (soil moisture, soil temperature) during thesyz911 and 2012.

Fig. 20 shows the standard deviation of the first-guess departures, for ilffexert incidence angles. The red,
non uniform band observed between 20 and 60 degrees North latifiletts@xcessive variability of the first-
guess departures and is mainly due to the contamination produced by interisuibecés of RFI. However,
they are not the only reason. The presence of snow and ice contribateBhis was shown in the time series
plots (sectior8.3), where larger variability of the observed brightness temperatureshgaswed over snow and
ice covered areas. For example, in XX polarisation a slight reduction of&tfibility of first-guess departures
is observed for all incidence angles during summer months in the North Herres@hmore pale red). This
effect is less visible in YY polarisation, less sensitive to snow and ice.

Monitoring Report to ESA 25



SECMWF ESA monitoring report on SMOS data in the ECMWF IFS

a) XX polarisation - 6 =20 b) YY polarisation - 6 =20
Min: 109.6, Max: 295.2, Mean: 241.8 Min: 78.9, Max: 291.2, Mean: 240.7
290 290
270 270
250 250
° 230 ° 230
e 210 S 210
= 190 £ 190
5 170 S 170
150 150
130 130
110 110
—T T T T T T T T 71171 % T T T T T T T 7171 %
Jan  Mar May  Jul Sep  Nov Jan Jan  Mar May  Jul Sep Nov Jan
2012 2013 2012 2013
¢) XX polarisation - 6 = 40 d) YY polarisation — 6 = 40
Min: 94.3, Max: 287.0, Mean: 238.3 Min: 100.8, Max: 290.1, Mean: 244.1
290 290
270 270
250 250
° 230 ° 230
S 210 S 210
= 190 £ 190
3 170 S 170
150 150
130 130
110 110
90 90
Jan  Mar May  Jul Sep Nov Jan Jan  Mar May  Jul Sep Nov Jan
2012 2013 2012 2013
e) XX polarisation — 6 = 60 f) YY polarisation - 6 = 60
Min: 68.4, Max: 273.6, Mean: 219.6 Min: 149.6, Max: 307.7, Mean: 256.9
18R T 290 290
- 270 270
" lh y . 250 250
o [ i 230 230
S 210 = 210
£ 190 £ 190
3 170 S 170
" il . | by .ul n R - 150 i 150
" 5l ahbig gl il '._-.!_.\. ' IIb-l 1oyl ||.-'|l. |I.u |I- J‘..i.-i 130 1 [ 130
it il s .h . 110 --_.--1- .:- .ITfT.‘T -Fr--'nfir..- n—-—l Fat el 110
T T T T T T T 1171 —T T T T T T T T T 7171 %
Jan Mar  May Jul Sep  Nov Jan Jan Mar  May Jul Sep  Nov Jan
2012 2013 2012 2013

Figure 18: Mean SMOS observed brightness temperaturesaat<sof 2.5 degrees of latitude as a function of time. Left
panel if for XX polarisation and right panel for YY polarigat. Figures are shown for 20, 40 and 60 degrees incidence
angle.
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Figure 19: As in Fig.18, but the variable shown is the first-guess departures.
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Figure 20: As in Fig.18, but the variable shown is the first-guess departures stahdeviation.
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4 Monitoring over oceans

In this section some of the more relevant results obtained with the monitoring segte [description in part 111

of (12) and (L1)] over oceans are presented. 19) a substantial description of the statistical variables obtained
over oceans in 2011 was given, including time-averages geograpméeal fields, time series and Hotlier
plots. However, there it was pinpointed that with the current parametensasied in CMEM, the effect of
the wind and of the galactic noise in the L-band emission over oceans wasaminted for. On the contrary,

it considers the ocean as a smooth surface of water. Since these two naissipgnents are important for
oceans, in this report only statistics involving the observed brightness tatupes are presented. Otherwise,
any conclusion using the model simulation would lack of solidity.

4.1 Time-averaged geographical mean fields.

Fig. 21 and Fig.22 show the averaged brightness temperatures over ocean surfacésastan of the inci-
dence angle for July 2012 and XX polarisation (F2d@) and YY polarisation (Fig22). Each value represents a
mean value in boxes of 0.25 degrees. As it occurs over continentatssrfbrightness temperatures decrease
with the incidence angle for XX polarisation and increase for YY polarisatitowever the dielectric constant
of water is very different of that of soil, and therefore water and salghvery different emissivity in the
L-band. Lower values of brightness temperatures are found ovans@@mpared to land surfaces, on average
120 K lower for July 2012 at 50 degrees incidence angle. The YY pal#wis has a larger angular dynamical
range, of about 30 K larger in average than the XX polarisation betw@em@ 60 degrees. These values are
very consistent with those of 2011. The frozen Antarctica can be clebsggrved in these figures, as the emis-
sivity over a frozen surface is much larger, and therefore the obddmightness temperatures. The observed
brightness temperatures in the North Pole are also significantly largen tigeeven in summer still larger
areas are covered by ice or snow. Brightness temperatures oveisdwae a much lower dynamical range,
as they are relatively homogeneous in comparison to land surfaces figne®s also show clearly the inland
water bodies (mainly lakes), especially clear the extended areas of |akiedand and Canada.

The evolution of the SMOS observed brightness temperatures standéatiatein the XX polarisation at 40
degrees incidence angle, from January to October 2012 (one adevatyie per month), is shown in Fig3.
Fig. 24 is the equivalent figure for YY polarisation. The spatial resolution is O&fFeks. The spatial monthly
average of brightness temperatures standard deviation shows similas ttedimefor 2011, slightly lower for
some months. As it happened for 2011, near China, Middle East andicBst@pean coastlines the standard
deviation of brightness temperatures is very large, which is due to RFkdritamination is not only limited to
coastlines, but in same cases several hundred of kilometers off§imenain anomaly is observed in February
2012. During this month abnormal large variability of the observed brightteraperatures is found mainly
around the coasts of Europe. In February 2012 a persistent DP8®n&lfunctioning occured. This affected
the number of observations delivered in NRT and it could be the causeantdbution to these abnormal
values. The other raison might be a strong source of RFI in Europegdtini;m month. However, the previ-
ous problems of RFI reported in Poland during summer 2012 are nottegfledarger contamination over seas.

As it was also reported inL(Q), the transition zone between frozen and liquid water over Antarctica igyclea
observed in Figs23 and Fig.24. This is due to the very different dielectric properties of frozen and liquid
water, and therefore presenting very different emissivities. As this &yasensitive and dynamical zone, the
variability of brightness temperatures is very large. During the summer marithes Southern Hemisphere this
transition zone can barely be observed, or at least is very close to taecAca continent, whereas it moves
far from the coastline during the winter months.
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Figure 21: July 2012, angular global mean of the SMOS obgkbraghtness temperatures for ocean surfaces and for XX
polarisation. Each value represents a mean value of all #te thside a box of 0.25 degrees.
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Figure 22: As in Fig.21 but for YY polarisation.
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4.2 Hovmoller plots

Fig. 25 show the latitudinal-temporal evolution of the observed brightness tempesaaweraged per bands of
2.5 degrees of latitude from November 2011 to November 2012. Theyedeiged at 20, 40 and 60 degrees
incidence angle and for XX and YY polarisations. The evolution of theiifvac®f frozen sea around the poles
can be clearly followed as they present constrasting larger brightnapeitatures than the rest of the seas.
They are maximum between March and April 2012 at the North Hemisphareiding with the minimum in
the South Hemisphere. Brightness temperatures clearly decrease withitlemdgcangle for XX polarisation,
while comparatively they increase faster for YY polarisation.
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Figure 23: Monthly mean of the SMOS observed brightnessashpes standard deviation, for XX polarisation and for
ocean surfaces only. Each value represents a mean valuktbéalata inside a box of 0.25 degrees. The incidence angle
is 40 degrees.
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Figure 24: As Fig.23 but for YY polarisation.
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Figure 25: Mean SMOS observed brightness temperaturesagaisof 2.5 degrees of latitude as a function of time, only
over oceans. Left panel if for XX polarisation and right pbfeg YY polarisation. Figures are shown for 20, 40 and 60
degrees incidence angle.
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5 Summary

This is the third SMOS monitoring report. It present some of the statistics obtaiiedhe Near Real Time
SMOS monitoring suite for the year 2012. The ECMWF passive microwawessisn model CMEM is used
to simulate brightness temperatures at the top of the atmosphere. Geoloc&@&idbigkerved brightness tem-
peratures are compared to CMEM values at the satellite antenna refén@meeand in NRT. A whole annual
cycle of statistical variables was computed and analysed.

Observed brightness temperatures behave as expected, i.e, theasdegith the incidence angle for XX po-
larisation and they increase for YY polarisation. However, the dynamioglitude of brightness temperature
with the incidence angle is greater for XX polarisation over lands, indicatiagger sensitivity to soil water
variations. The contrary is observed over oceans. Snow coverad are more sensitive to the XX polarisation,
and this affects clearly the first-guess departures, because in tieesctlae CMEM modeled brightness tem-
peratures are largely underestimated. A systematic negative bias is gfftbetiviY polarisation. The Southern
Hemisphere presents more stable bias throughout the year, mainly bé&dausss affected by RFI and has
a lower annual fraction of land covered with snow. North America shawg stable bias in the standard de-
viation, due to the switch off the main RFI sources in the northern part of tieed) States. South America
show also very stable bias of the standard deviation. The bias are ajsdegandent on the incidence angle,
as shown in the plots of the angular distribution of bias. In general, thegdserin absolute value with the
incidence angle for XX polarisation, whereas they are maximum at 30ee{peYY polarisation. Note that
CMEM parameterisation will be updated in the next ECMWF operational c\8R23n June 2013. A different
level of bias are expected.

Over continental surfaces, most of the figures show RFI contaminatiosbiightness temperatures standard
deviation still present large anomalous values mainly over China, MiddleaBddtastern Europe, with the YY
polarisation being more affected than the XX polarisation. North and Southiganenost of Africa and Aus-
tralia are quite clean from RFI. A significant degradation of the RFI situat@salso observed during the last
part of the summer in Central Europe due to the apparition of a strongesotiRFI. Static sources of RFI are
still remaining, but they are of less intensity and their contamination is limited to theuswtings of the source.

The current parameterisation of the ocean emission at L-band onlyr@sdou the emission over a smooth
surface of water, neglecting the wind and galactic noise components intthad_emission. Therefore in this
paper only statistics accounting for the observed brightness temperaieneseported. Observed brightness
temperatures are much more homogeneous than for land pixels, as byatatamns present less heterogeneities,
and also present very different values compared to land, due to theliferent dielectric constant of water.
The polar regions present a clear contrast compared to the rest afdbrs) as these regions are affected by
sea ice and snow cover, or a mixture of frozen and liquid water, with viéerent dielectric properties and
brightness temperatures.
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