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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 sglénierest and a requirement prior to assimilation
experiments. This report is the fourth Monitoring Reporivéged to ESA. The objective is to report on
the monitoring activities of SMOS data over land and sea @mg term basis, investigating also the multi-
angular and multi-polarised aspect of the SMOS observatidhis report presents SMOS data monitoring
results for the whole year 2013, using Near Real Time (NRTa.di is worth mentioning that the SMOS
monitoring research suite was substituted by the opetgarite in July 2013, within ECMWF cycle 38r2,
as it will be observed in some plots of this report.

1 Introduction

ECMWF has developed an operational chain which monitors SMOS data nRéedh Time (NRT) at global
scale, as explained ifMMufioz-Sabater et al. 201.0 Monitoring is carried out routinely for each new type
of satellite data brought into the operational Integrated Forecasting Syst&nat ECMWEF. In Numerical
Weather Prediction systems monitoring is mainly focused on the comparisonemetiae observed variable
and the model equivalent simulating that observation, because this is thigtyjuaed 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.mbmitering 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 mogitdrain by monitoring the data
independently for several incidence angles of the observations amgdgolarisation states at the antenna
reference frame.

The developed framework makes it possible to obtain daily statistics of thevalises, the model equiv-
alent of the observations computed by the Community Microwave Emission Magl¢@iMEM) platform
(Drusch et al. 2009de Rosnay et al. 2009aand the difference between the two quantities, the so called first-
guess departures. The statistics are computed over several weelta.of dis is a very robust way to identify
systematic differences between modelled values and observations. riaatlet also set the basis to inves-
tigate and understand the new observations before they become acte&@MWF land assimilation scheme.

This Monitoring Report (MR4) on SMOS data is the fourth monitoring repelivdred to ESA. In the first one
(Muioz-Sabater et al. 2011the monitoring website and statistical products were described. Thedsenen
(Muhoz-Sabater et al. 201)lshowed results obtained in NRT for the period November 2010- Novegidr,
whereas in the third ondMufioz-Sabater et al. 201Bthe period studied was December 2011- December 2012.
This document monitors the whole year 2013 and it follows the same struettine grevious report.
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2 SMOS observations at ECMWF

SMOS NRT products are processed at the European Space Astroramtng (ESAC) in Madrid (Spain) and
sent to ECMWF via the SMOS Data Processing Ground Segment (DPGSaaeterThe product used at
ECMWEF is the NRT product which are geographically sorted swath-bamsgas 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) [Btds and Gutierrez 2001 For this grid,
the centre of the cell grids are at equal distance of 15 km over land, vgiténalard deviation of 0.9 km. For
the NRT product, the resolution is coarser over oceans as they ptesentheterogeneities than continental
surfaces. The format of the NRT product is the Binary UniversairFar the Representation of meteorolog-
ical data (BUFR). Each message in BUFR format corresponds to atetaplsere the integration time is 1.2
seconds. On average, each snapshot contains around 480 siesdand.

3 Monitoring over land

In this section some of the most relevant results over land surfaces, @atdiped with the monitoring suite de-
veloped for SMOS [see a description in part |1 dffioz-Sabater et al. 2018nd Mufioz-Sabater et al. 201)]b
and partly with the operational suite, are shown.

3.1 Simulations of brightness temperatures

In order to simulate brightness temperatures at L-band and compare thesrS®I®S observations, ECMWF
developed the Community Microwave Emission Modelling (CMEM) platfode Rosnay et al. 2009b It
constitutes the forward model operator for low frequency passive ma® brightness temperatures of the
surface. Although for SMOS purposes it is used at 1.4 GHz, potentialnitbe used up to 20 GHz. This
software package is fully coded in Fortran-90 language. It has besigried to be highly modular providing a
good range of I/O interfaces for the Numerical Weather Prediction Comm@it§EM surface forcing comes
from the integration of the operational H-TESSEL (Hydrology Tiled ECM8&heme for Surface Exchanges
over Land) land surface schent@a{samo et al. 2009 H-TESSEL is forced with meteorological fields of sur-
face pressure, specific humidity, air temperature and wind speed at tbstlatinospheric level. The surface
radiation and precipitation flux represent 3 hourly averages, and teeyeat constant over a 3 hour period.
The integration of HTESSEL provides the soil moisture and soil temperaglds fias well as snow depth and
snow density fields, which are then coupled with CMEM to simulate ECMWF fuissg L-band brightness
temperatures. Additional land surface information needed is soil texttaettained from the Food and Agri-
culture Organization (FAO) data set, whereas sand and clay fractivadkan computed from a lookup table
according to $algado 1999 The soil roughness standard deviation of heightgarameter in CMEM is set
to 2.2 cm as inKlolmes et al. 2008 Vegetation type is derived from the H-TESSEL classification, whesieas
MODIS climatology is used to derive leaf area index (LAI).

CMEM’s physics is based on the parameterisations used in the L-BandwéicecEmission of the Biosphere
[LMEB, (Wigneron et al. 200)f and Land Surface Microwave Emission Model [LSMENDr(sch et al. 2001.
The modular architecture of CMEM makes it possible to consider differatrpeterisations of the soil dielec-
tric constant, the effective temperature, the roughness effect of thanebthe vegetation and atmospheric
contribution opacity models. In the offine SMOS monitoring suite until July 2@48,vegetation opacity
model of Kirdyashev et al. 1979was used in combination wittang and Schmugge 19860ielectric model,
(Wigneron et al. 200)effective temperature model, the simple soil roughness mod€laidhury et al. 1979
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and the atmospheric contribution ¢fdllarin et al. 2008

This combination of parameterisations were shown to be well suited for beghttemperature modelling
(Drusch et al. 2009de Rosnay et al. 20098Muiioz-Sabater et al. 201)L.cHowever these results were based
on local and regional scale experiments. A global sensitivity study with SM&ta was conducted in early
2013 for assimilation purposes. At the time that the CMEM platform was implemepigtionally, the pre-
liminary global calibration study indicated that the most suited combination of CNdBMmeterisations for
assimilation purposes wagylironov et al. 2004 for the dielectric model,Wigneron et al. 200)Lfor the soil
roughness andl&ckson and Schmugge 19%9dr the vegetation opacity model. These set of parameterisations
produced simulated brightness temperatures closer to the reproces§esl ISRT product, and since 25 July
2013 (within the operational ECMWEF cycle 38r2) they substituted the prewgetiof parameterisations in the
SMOS monitoring suite. However, the previous global calibration study wasamplete and new changes
were introduced in ECMWEF cycle cy40rl, which accounted for the mdgirated CMEM platform, as re-
ported in ¢le Rosnay et al. 20)4The parameterisations which were changed f@ng and Schmugge 1980
for the dielectric model and/{igneron et al. 200)7for the vegetation emissivity. These changes entered into
operations on 19 November 2013 and no further changes are expettechext cycles.

3.2 Time-averaged geographical mean fields.

Fig. 1 and Fig.2 show the observed brightness temperatures, for August 2013, astafuof six incidence
angles multiples of 10, averaged in boxes of 0.25 degrees.1kigfor XX polarisation whereas Fi@. is for
YY polarisation. They show monthly averages for August 2013, usingpeeational cycle cy38r2. Obser-
vations out of the [50,350] K interval were rejected as not being coreidghysically realistic. To eliminate
the influence of snow or frozen soils, these grid points were previodtdyefil out too, based on snow depth
and 2 m temperature forecast fields. Both polarisations behave astibabrexpected at global scale, i.e.,
brightness temperatures decreasing with the incidence angle for XX agi@nigfrom a global mean average
of 255.5 at 10 degrees to 235.3 at 60 degrees) and increasing fooMMgation (from 256.5 at 10 degrees to
273.1 at 60 degrees).

Fig. 3 shows the evolution of the SMOS observed brightness temperaturesrstalegation at global scale,
from January to October 2013 (one averaged value per month), @gfeasb incidence angle and for XX polar-
isation. Fig4 is the equivalent figure for YY polarisation. These statistics are also ceujuspatial boxes of
0.25 degrees. Most of the largest values of the observations variahbilitsrk red colour (especially in Europe
and Asia), are due to Radio Frequency Interference (RFI). Thegmy point to RFI sources, but also to areas
contaminated by them, which can reach hundred of km away from theesolihe sources of RFI in China,
Western Europe and Eurasia are clear in these plots. However it cdsereved than from May 2013 the area
strongly affected by RFI decreases gradually, and by October 2@i®titamination is much lower than at the
beginning of the year. This is more clear in XX polarisation than in YY polarigatis the latter is, in general,
more sensitive to RFI. It can also be observed, from June 2013, geaegnce of a new source in Northwest
of Africa, affecting more XX polarisation than YY polarisation. In gene&dll America, South of Africa and
Australia are clean of RFI, and over there larger standard deviatidd)(&The observations can be associated
to areas reflecting a good natural monthly range of brightness tempearafinese areas are very important for
assimilation experiments. Also, the most western part of Europe is relatieslg,ovhich depicts a complete
different picture compared to the first year of the SMOS mission. It is atsthwnentioning that although
the area affected by RFI is smaller by the end of the year than at the begioinine year, the mean global
average of the observations STD is larger for the former. This may seetradictory, however the number of
grid points used to average the data is different from the period Jatdugr2013 than from August onwards,
when SMOS monitoring entered into operations and snow and frozen so#sfitered out. For example it
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can be seen that from August 2013, statistics are not produced eveolés, as they were completely covered
by ice and snow. Before August 2013 a compensating effect prdderoaller global averaged values of the
observations STD.

Figs.5 and 6 show the evolution of the first-guess departures (observed brightmaperaures minus the
model equivalents) at the antenna reference frame from Januaryttbeéd@013 (one averaged value per
month), at 40 degrees incidence angle and for XX and YY polarisatiespgectively. As it occurred for the
year 2012, the model clearly underestimates the observations over smeved areas, while at global scale
observed brightness temperatures are overestimated. At global seaapth effect compensates for the neg-
ative bias in XX polarisation, and this is the reason why, for those monthgisgdhe largest spatial coverage
of snow, the mean bias are close to zero. From August 2013 (when Sitd&oring entered in to opera-
tions), snow is filtered out from these statistics, and a more accuraterresgymodel significantly decreased
the mean global bias, from -7.5 K to -2.6 K. From this month, it can be obddre® the Arctic region is not
longer accounted for in these statistics, and in October the northern latdfidss are also filtered out. This
is also another way to monitor the line of snow in the Northern Hemisphere. éirfsitigity to snow and ice
in the YY polarisation is much weaker, and as it happened for previous,y® mean bias are negative for
all months, larger than -10 K. However, a decrease of 4.1 K is prodinosdJuly to August 2013. The sign
of the bias is mixed at global scale for both polarisations, being the Norttanéda, desert areas of Africa,
Middle East and the West of Australia, the regions where observediegthtemperatures experience a larger
overestimation. It is also important to mention that the bias showed in thesesfayeralso angular dependent.
This is discussed in secti@4.

The particular situation of RFI in Europe is shown in Figthrough first-guess departures in YY polarisation,
because this polarisation is more sensitive to RFI. The punctual red de¢sveld in these plots show large
disagreement between the observations and the model, and are linked woiixees of RFI. Although the sit-
uation is much improved compared to the same figure of year 201 INs€®g-Sabater et al. 201Dahowever
no further improvement can be observed compared to 2012 (see samedtigdufioz-Sabater et al. 2018a
Clear RFI sources are still present along 2013 in North Ireland, Madaddon, Milan and Croatia. Their
intensity is limited and the contaminated area seems to be mainly constrained to thenlotatie source.
Apparently, the rest of Europe does not show strong contamination by RF
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Figure 1: August 2013, geographical mean of the SMOS obddrxightness 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 2013 to October 2013. 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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Figure 5: Monthly global mean of the first-guess departuresMeen SMOS observed brightness temperatures and the
CMEM equivalents, for XX polarisation at 40 degrees incitieangle.

10 Monitoring Report to ESA



ESA monitoring report on SMOS data in the ECMWF IFS

SCECMWF

a) January 2013 Min: -178.7, Max: 116.1, Mean: -13.9 f) June 2013 Min: -215.8, Max: 120.0, Mean: -16.1
116 120
— - -
oN E 40 on B 40
60°N 35 60N 32
, 24 ) 24
30°N 16 3ON 16
0°N 8 0°N 8
0 0
30°S -8 30° -8
-16 -16
60°S -24  60°S -24
-32 -32
-179 -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
b) February 2013 Min: -201.4, Max: 145.4, Mean: -13.8 g) July 2013 Min: -215.6, Max: 119.7, Mean: -15.8
145 120
ke 40 ok 40
60°N 35 60N 32
. 24 . 24
30°N 16 30N 16
o 8 o 8
N N
0 0 0 0
30°S -8 30 -8
-16 -16
60°S -24  60°S -24
-32 -32
-201 -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
c) March 2013 Min: -188.7, Max: 136.0, Mean: -13.2 h) August 2013 Min: -214.3, Max: 130.6, Mean: -11.7
136 131
oN 40 on B 40
60°N 35 60N 32
. 24 . 24
30°N 6 30N 16
o°N 8 o°N 8
0 0
30°S -8 30 -8
-16 -16
60°S -24  60°S -24
-32 -32
-189 -214
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 2013 Min: -199.8, Max: 128.7, Mean: -13.1 i) September 2013 Min: -234.3, Max: 138.1, Mean: -11.2
129 138
Sk 40 Sk 40
60°N 35 60N 32
o 24 o 24
30°N 6 30N 16
. 8 . 8
0°N 0 0°N o
30°S -8 30°s -8
-16 -16
60°S -24 60°S -24
-32 -32
-200 -234
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 2013 Min: -206.5, Max: 120.9, Mean: -14.6 j) October 2013  Min: —206.5, Max: 138.5, Mean: -12.3
121 138
ks 40 ok 40
60°N 35 60N 32
N 24 N 24
30°N 16 30N 16
o 8 o 8
0°N o 0°N 0
30°S -8 30°s -8
-16 -16
60°S -24  60°S -24
-32 -32
-206 -206
150°W  90°W  30°W 0°E 30°E 90°E 150°E 150°W  90°W  30°W O°E 30°E 90°E 150°E
Figure 6: As in Fig.5, but for YY polarisation.
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Figure 7: As in Fig.6, but zoom in over Europe.
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3.3 Time series

Figs.8to 15present time series of the observed brightness temperatures, CMEMleqts, first guess depar-
tures and number of observations, from January to December 20&B.v&ke represents one mean value per
ECMWF 4DVAR 12 hours assimilation cycle averaged at global scale, heerigpr continent.

Fig. 8 presents the results obtained at global scale over land pixels. LettipdoeXX polarisation and right
panel for YY polarisation. This figure shows very clearly the diffe@ranges in the SMOS monitoring during
2013. In the second half of July there is a jump in the time series of bias (t@b) paorresponding to the new
set of CMEM parameterisations used in the operational suite (see s8ctjorThe mean bias for XX polari-
sation decrease in average 5 K at global scale, being the reductionsartesorder in YY polarisation. This
decrease can not be fully associated to the absence of snow, asdgwigts are covered by snow in summer
of the Northern Hemisphere, but it is also due to the new roughness paragaton which is more realistic
and allows larger variability of the simulated brightness temperatures. In midriMaer, another jump in the
time series of mean bias can also be observed. Is at this moment when th&CMWHREcycle 40rl entered
in to operations, and the CMEM platform was fully calibrated (see explanati@nl). This jump seems to
be stronger in XX polarisation. The mean STD of bias also decrease in XaXigation with the operational
suite, however it increases slightly in YY polarisation, which is less sengditiee influence of snow. Since
the effect of snow is removed from mid July 2013, it is expected a smaller aoh@ftthe annual cycle of
bias, especially at XX polarisation. For this polarisation, in average atbkuale, the model matchs quite
well the observations at the end of the year. However, for YY polarisagieen with the model calibrated, the
observations are still overestimated by 11 K in average at global scalegé dantribution of these negative
bias can be due to the large influence of RFI in YY polarisation. For exantptepbserved that the mean
negative bias in the Northern Hemisphere (Bigalmost doubled those of the Southern Hemisphere (fy.
which is caused by RFI. However, they are not the only reason, as iiecabserved in areas free of RFI as, for
example, Australia (Figl5), where simulated brightness temperatures in YY polarisation are notaaetyur
represented.

It is worth to observe how the number of observations is changing in 20E3g. 8. Basically, three different
periods can be observed; in the first one up to May, lower number efadittons are counted compared to the
second period, extending from May to mid July. From there, the numbdrsereations decreases constantly
until nearly the end of the year. The production of time series were verfulu® detect a problem in the
data downloading and which was already mentionedvinf{oz-Sabater et al. 20183a0n 5 July 2012 the ftp
repositories at ESAC were reorganized by month/day instead of by mohihlast pass before midnight is
since then created the day after, and the downloading script at ECMW#otliteindle this change properly,
which caused a systematic loss of the last orbit of the day. This problerfixgdsoy ECMWF shortly after
detection in late April 2013. Since then it can be observed how the numhmysefvations increases again
and they are more stable. In mid July, with SMOS monitoring in the operational alliggid points covered
by snow or affected by ice are since then rejected and not accoumtedtfee mean statistics. This is why
the number of observations drops substantially from that date. As thestohlbaths approach, an increasing
number of model grid points are rejected by snow or ice. In contrast, tib@uof observations in South
America (Fig.10) or Australia (Fig.15) is quite stable, as being very little or not affected by snow.

The STD of the bias in the Southern Hemisphere decreases clearly with éhatiopal suite, around 5 K,
whereas the reduction is smoother in the Northern Hemisphere. In YY mlarisor this hemisphere, the
level of the STD of bias is the same, but more stable due to the absencevotsmeever, with the introduction
of cycle 40r1 and the full calibration of CMEM, the STD of bias increablksly due to a larger responsiveness
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of the model which makes it more dynamic. Anyway, the presence of RFI iNondern Hemisphere makes
the STD of bias higher in this half of the world. As it could be expected, thgefrvariability of the STD

of bias are found in Europe (Fid.1l) and Asia (Fig.12), where the main RFI sources are located, with values
reaching in average 35 K. In contrast, South America and Australia obtailowest variability of STD. In
Australia, a country known to be free from RFlI, there is a good rangaridbility of bias, around 20 K in both
polarisations, which reflects the strong sensitivity to natural variationgilof®isture.

In summary, the time series shown from F8go Fig.15show three different periods corresponding to different
suites of SMOS monitoring and the CMEM platform calibration. The latest two nsasftthe year, with fully
calibrated CMEM platform, show a very good agreement at global scakeba SMOS observed brightness
temperatures and the model equivalent, whereas the observations apgesBktimated in YY polarisation
but at lower levels. This increases our confidence in the forward nmtodetrve as a reliable background
value for brightness temperatures in an assimilation context. Besides thig;ti&lRence is still present and
contaminating statistics especially in the Northern Hemisphere.
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Figure 8: Global scale, time series of mean bias (top figyure®an standard deviation of bias (second top row), compari-
son between observed brightness temperatures and the CMig equivalents (third row), and number of observations

(bottom figures), from January to December 2013 over contaiesurfaces, at 40 degrees incidence angle. Each value is
an averaged value per ECMWF 4DVAR 12h cycle. Left panel iXXopolarisation, right panel for YY polarisation.
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Figure 9: As in Fig.8 but for the Northern Hemisphere.
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a) XX polarisation b) YY polarisation
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Figure 11: As in Fig.8 but for Europe.

Monitoring Report to ESA 17



ECMWF ESA monitoring report on SMOS data in the ECMWF IFS

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 Southern America.
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Figure 15: As in Fig.8 but for Australia.

Monitoring Report to ESA

21



cECMWF ESA monitoring report on SMOS data in the ECMWF IFS

3.4 Angular distribution of bias

While time series presented in secti®s3 provide a good perspective of the evolution of the mean bias during
the whole year, they are only valid at 40 degrees incidence angle. Biangular dependent too, as the view-
ing angle determines the spatial extent of the observed zone. In this sélc#@veraged results of the product
showing the angular distribution of bias (named as ’scatter plots’ in the websitéhe period August 2013
until mid November 2013 are shown. In this way we display bias as a functitre incidence angle with one
consistent set of parameterisations of the CMEM platform, and omitting thén&lisof the year to avoid the
influence of snow in these statistics.

Fig. 16 presents the time and spatial averaged bias as a function of the incidefegadglobal scale, for the
Northern and Southern Hemispheres, and separately for XX and Y Yigatians. Figl7 presents the angular
distribution of bias for some regions: Europe, North America and Austré@he. coloured scale bar refers to
the number of observations for each rank of bias. The total numbersafredtions used in the assimilation
system at global scale is, for this period, more than 165 millions for bothipatems, 127 millions of which
belong to the Northern Hemisphere and 37 millions to the Southern Hemispheexp&cted, the number of
observations is minimum for the lowest incidence angles and for all regiam®ach incidence angle, the mean
bias are bounded between -10 K and 0 K, which is a sign that in generaléihaged bias are systematically
negative and stronger for YY polarisation. A few number of observati®still remaining for very strong bias,
which can be due to RFI, to the coastline effect or to grid points which wetrdetected and were covered by
sSnow.

With the absence of the snow influence, the model is in very good agreaitlei@8MOS observations, in XX
polarisation, until 40 degrees incidence angle in Europe (FHg.and b), North America ((Fid.7c and d) and
Australia (Fig.17e and f). At 50 and 60 degrees, the observations are underestimdtisds @ifferent than
in 2012, where for most of the incidence angles the observations wdesastimated. In 2012, the mean bias
for Australia at 60 degrees incidence angle and XX polarisation wererlénign -40 K, whereas now are -30
K. For other angles as 20 degrees, the mean bias were close to -20 t€aslier this period of 2013 they are
close to 0 K. This demonstrates that the new roughness model accountdbeitertfor the variability of the
rough soil effect in the soil emission. This problem was already pointeéihqMuiioz-Sabater et al. 201Ba
For YY polarisation the distribution of the mean bias as a function of the incalangle is the same than in
2012. In this case, the strongest bias are found at 30 degrees, with miniadues of -15 K (a bit lower than
those of 2012), and are minimum at 60 degrees, being in this case close.to ze

The year 2014 will shed new light into more realistic mean bias over longer tires seith a consistent fully
calibrated version of the CMEM platform. Although they are not expectee difterent to those shown in the
two figures of this section, they will likely be a bit smaller in absolute values.
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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 2013. Only continental surfearesconsidered in these figures.

Monitoring Report to ESA 23



SCECMWF ESA monitoring report on SMOS data in the ECMWF IFS
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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 giveiabla. In the plots of this
section, each point represents a 12h average per 2.5 degrees otlalihel make it possible to analyse the
seasonal evolution of the statistical variables under study per bandstofiéa and therefore they are very
complementary of the time-averaged geographical mean fields and time sanmegual problems in the data
that could be unnoticed in time-averaged geographical plots can be eas¥iéd in these plots.

In Fig. 18 the Hovnoller plots of the observed brightness temperatures are shown for tHe yédar 2013, for
three incidence angles (20, 40 and 60) and XX (left column) and YY jsaldéon (right panel). They show
the different evolution of brightness temperatures with increasing the immdengle; they decrease for XX
polarisation and increase for YY polarisation. As it was shown for theyiggahical plots of sectioB.2, the
angular range of brightness temperatures is stronger for XX polarisat@rerage over the whole globe and
year 2013. This figure also separates clearly the moment in which SMOS miragibeecame operational, as
the Antartic region and snow covered areas are not included any Idrtgedesert regions in both Hemispheres
are clearly observed, obtaining the strongest values of brightnessrigomes throughout the year. It also can
be observed lower averaged brightness temperatures between M&gpieanber in latitudes around 40 de-
grees South, because of the winter conditions in the south of South Ame&tieae latitudes also present an
apparent monthly cycle of brightness temperatures, which may be due twtmeimber of observations avail-
able to compute these statistics. In the next monitoring report, a whole yeditwdilzal-temporal evolution
of brightness temperatures with the full calibrated parameterisation of CM&tfbpn will be shown .

First-guess departures are presented in Hgfor XX (left column) and YY polarisation (right column). The
three different SMOS monitoring periods during 2013 are more evidenisifigiure. In the first half of the year,
first-guess departures are in the overall dominated by snow coverasl &or this period, large departures are
obtained for snow regions, as the emission over snow is strongly utideaitssd. However, in the second half
of the year, two regions can be clearly observed in terms of bias; one mwéh departure values, and another
one in latitudes corresponding to the desert regions of the Northern Hesnéspith slightly larger departures,
where the model still clearly overestimates the soil emission. Dense vegetétetElmshow small bias, as the
representation of dense vegetated canopies is quite accurate andubedymamic small. This is consistent
with that shown in 2012. The last month and a half of the year also predighiitysdifferent departure values,
in general lower, and which reflects the new full calibration of the CMEMfpien parameterisations.

Fig. 20 shows the standard deviation of the first-guess departures, for theiscichence angles and polari-
sations than the previous two figures. The red, non uniform band bet?@eand 60 degrees North latitude
reflects excessive variability of the first-guess departures and, eslitred for previous years, is mainly due to
the contamination produced by intermittent sources of RFI. Unfortunat&dyeffiect masks the strong dynamic
of brightness temperatures that was found in the US Great PlinBdz-Sabater et al. 2018bHowever, it
still can be observed the good range of variability obtained in latitudesspmneling to Australia.
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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 most relevant results obtained with the monitoring segt@ [description in part 111
of (Mufioz-Sabater et al. 201@nd Mufoz-Sabater et al. 201)]lover oceans are presented.

In (Mufioz-Sabater et al. 201)la substantial description of the statistical variables obtained over oaeans
2011 was given, including time-averages geographical mean fields, titee aad Hovriller plots. However,
there it was pinpointed that with the current parameterisation used in CMEMffiact of the wind and of the
galactic noise in the L-band emission over oceans is not accounted fohe@ontrary, it considers the ocean
as a smooth surface of water. Since these two missing components are imfmri@cgans, only statistics
involving the observed brightness temperatures are presented in thistoEpo

4.1 Time-averaged geographical mean fields.

Fig.21and Fig.22show the averaged brightness temperatures over ocean surfadesesa of the incidence
angle for August 2013 and XX polarisation (F@) and YY polarisation (Fig22). Each value represents a
mean value in boxes of 0.25 degrees. As it occurs over continentatestfbrightness 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 salgehvery different emissivity in the
L-band. Significantly lower values of brightness temperatures are callegtr oceans compared to land sur-
faces. On average 140.1 K lower for August 2013 at 50 degreesemmédangle and XX polarisation, whereas
the difference is smaller at YY polarisation, 113.3 K. As expected, thelandynamical range of brightness
temperatures between 20 and 60 degrees is stronger at YY polarisati@nK 8ompared to 26.6 K for XX
polarisation. These values are consistent with those observed faoysexears. The fraction of frozen open
sea water in the Antarctica region can be clearly observed in these figoress the emissivity over a frozen
surface is much larger, and therefore the observed brightness teomperarhe same effect can be observed
in the Arctic region, given that in summer months still larger areas are ab\mréce or snow. Brightness
temperatures over oceans have a much lower dynamical range compkaed sarfaces, as they are relatively
more homogeneous.

The evolution of the SMOS observed brightness temperatures standéatiatein the XX polarisation at 40
degrees incidence angle, from January to October 2013 (one adevatye per month), is shown in Fig3.
Fig. 24 is the equivalent figure for YY polarisation. The spatial resolution is 0&%ees. These values are
very much in line with those of years 2011 and 2012. Also the situation of &Rhmination in open waters in
2013 is the same than for previous years near the coastlines of ChindeMiast and Eastern European. The
contamination is not only limited to coastlines, but in same cases several Hwfdiometers offshore. The
plots for September and October 2013 show also statistics over land mBlssss.areas of land correspond to
regions where snow was detected and a water flag was assigned. Aowviay has already been introduced
in operations, and this effect will not be present in the plots correspgnd 2014.

As it was also reported ilMufioz-Sabater et al. 201)land Mufioz-Sabater et al. 2018dhe transition zone
between frozen and liquid water over Antarctica is clearly observed in Z&@nd Fig.24. The reason is the
very different dielectric properties of frozen and liquid water, andefwge presenting very different emissiv-
ities. As this is a very sensitive and dynamical zone, the variability of brigsttemperatures is very large.
During the summer months at the Southern Hemisphere this transition zonerebnideeobserved, or at least
is very close to the Antarctica continent, whereas it moves far from thelic@aduring the winter months.
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Figure 21: August 2013, angular global mean of the SMOS alesEbrightness temperatures for ocean surfaces and for
XX polarisation. Each value represents a mean value of aldéta inside a box of 0.25 degrees.
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Figure 22: As in Fig.21 but for YY polarisation.
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Figure 23: Monthly mean of the SMOS observed brightnessaehpes 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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4.2 Hovmoller plots

Fig. 25 shows the latitudinal-temporal evolution of the observed brightness tempexafiveraged per bands
of 2.5 degrees of latitude from January to October 2013. They areipeddat 20, 40 and 60 degrees incidence
angle and for XX and YY polarisations. The evolution of the fraction okz&mwo sea around the poles can
be clearly seen in this figure, as they present contrasting larger brgghteperatures than the rest of the
seas. They are maximum between June and November 2013 at the Séigh@sphere, coinciding with the
minimum of the Northern Hemisphere. On the contrary that over land madisester phases in the oceans
(liquid or frozen) are monitored, as brightness temperatures at ECM@roaassimilated over the oceans. As
it should be, brightness temperatures clearly decrease with increasiimgittence angle for XX polarisation,
while comparatively they increase much faster for YY polarisation.
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Figure 25: Mean SMOS observed brightness temperaturesgratsof 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.

Monitoring Report to ESA 35



cECMWF ESA monitoring report on SMOS data in the ECMWF IFS

5 Summary

This is the fourth report on SMOS observed brightness temperatures) smdvalents and first-guess depar-
tures for the whole year 2013. It presents NRT statistics correspotalitjee ECMWF cycles; cycle 37r3
under which the SMOS monitoring suite was running, as for the year 29&2 88r2, where SMOS monitor-
ing entered into operations, and cy40rl which is operational since 18rloer 2013. The ECMWF passive
microwaves emission CMEM platform is used to simulate brightness temperattineg@p of the atmosphere.
Geolocated SMOS observed brightness temperatures in the Icosaleger Equal Area (ISEA) at aperture
4 and resolution 9 grid are compared to CMEM estimations geolocated at theAECHpectral horizontal
truncation T511 (approximately 40 km), at the satellite antenna refereate fand in NRT. A whole annual
cycle of statistical variables was computed and analysed.

Observed brightness temperatures during the whole year 2013 bedsmeggdected, both for land and oceans.
This means, they decrease with the incidence angle for XX polarisation agpdritrease for YY polarisa-
tion. However, the dynamical amplitude of brightness temperature with the imm@dingle is greater for XX
polarisation over lands, indicating a larger sensitivity to soil water variatiding contrary is observed over
oceans, where the rate of increase with the incidence angle, in YY paianisa much higher than the rate of
decrease for XX polarisation. For oceans, this document only repoddserved brightness temperatures, as
the simulation of the microwave ocean emission does not account for théigalsise and wind components,
being the latter one a crucial component in accurate estimation of brightnessreures over oceans.

From mid July 2013 SMOS monitoring is part of the operational suite. Two impbdaanges were intro-
duced. Firstly, grid points affected by snow or ice are since then rejeasetiey will not be accounted for in
assimilation experiments. In this context, the number of observations monitotiee Morthern Hemisphere
are much lower compared to previous reports. Secondly, the key paraattes of the CMEM platform
were reviewed by comparing SMOS reprocessed NRT observationsweitaged simulated values of bright-
ness temperatures with different combinations of parameterisations. Whpamameterisation introduced in
the operational suite demonstrated a more realistic simulation of the soil micrewassion, and in particular
the new representation of rough soils allowed a larger more realistic variaditite soil emissivity. In general,
this change introduced a decrease in the mean bias of 5 K at global saaléarger differences depending
on the region under analysis. The analysis of the mean bias as a functiomiatidence angle also showed
a more realistic simulation of brightness temperatures, with mean bias close tiiz#ére lowest incidence
angles in XX polarisation and for the largest angles for YY polarisationvé¥er, there are still inaccuracies
to simulate the largest incidence angles in XX polarisation and middle angles irMYgation. In both cases,
the model overestimates the observations.

Recently, with cycle 40r1, the full calibrated CMEM platform was introduocezperations. It included changes
in the soil dielectric parameterisation and vegetation opacity model. The imprat®mehe results are more

modest than those introduced in mid July, however they go in the right direetiomean bias decreased fur-
ther. In this report, only a month a half of results using the the new set afq@erisation are shown. This
calibration is hereafter frozen and time series in 2014 will allow to analysk yefar of simulated values.

Although this report has shown that the current situation of RFI is muchrlttepared to previous years, it
still points to the strong influence in many of the statistics, especially visible in thebilgy of the observations
in the Northern Hemisphere. Special care has to be put into filtering the wsincinated data when running
assimilation experiments, as their influence in soil moisture increments canybedetemental for accurate
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estimates of soil moisture analysis and the influence in the forecast skill.
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