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Abstract: Up-to-date Soil Moisture and Ocean Salinity ( SMOS) level 1C ( L1C) Brightness Temperatures ( TB)

which are p

rocessed with the operational prototype V5.04 and V5.05 are used to analyze the systematic biases between averaged TB measure—

ments and simulations in Fields of View ( FOV) from May 2010 to April 2012. The peak-to-peak variations in the biases are higher

than 1 K in magnitude. Sun contaminations including sun alias and sun tails are strong sources of bias variations in the FOV. The

sun correction in the level 1 ( L1) image reconstruction is imperfect. By using the antenna model in L1 = seasonal variations in the

biases and the heating of the instrument are observed.
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1 INTRODUCTION

The SMOS mission is the European Space Agencys ( ESA)
second Earth Explorer Opportunity mission in its Living Planet
Programme. The objective of the mission is to measure high-qual—
ity global observations of soil moisture and Sea Surface S alinity
(SSS) from space ( Font et al. 2004). The SMOS satellite is
equipped with an L-band microwave imaging radiometer with ap—
erture synthesis ( MIRAS) ( Camps et al. 2005; Font et al.
2010; Yann 2010) . The L band ( 1400 MHz to 1

427 MHz) is chosen as a tradeoff between the sufficient sensitivi—

et al.

ty of radiometric measurements to changes in ocean salinity and
ground resolution constraints. The L band is a band protected for
astronomy.

Since the launch of the SMOS satellite in November 2009
comparisons have been conducted between SMOS Brightness
Temperatures ( TBs) and forward model-simulated TBs. The s
ystematic biases of several Kelvins that are dependent on loca—
tions in the Extended Alias¥ree Field of View ( EAFFOV)
(Yin et al.
simulated TB measurements. These patterns need to be removed
2010) . Nevertheless

imperfections in instrument calibration and image reconstructions

2012a) are observed between averaged TB and

before SSS retrievals ( Tenerelli et al.

external noise sources (e. g. sun and galaxy) and uncertain—

ties in the forward modeling mislead the systematic pattern esti—

2012) .

mation ( Gourrion et al.
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Therefore we study the temporal stability of biases in the
TB observed in EAFFOV from May 2010 to April 2012 by up-to—
date ESA reprocessing V5.04 and V5. 05.

2 DATA AND METHOD
2.1 Level 1C (L1C) TB

The MIRAS instrument onboard the SMOS satellite is a Y
—shaped antenna with three arms holding 69 light cost-effective
front-end receivers. This instrument measures two-dimensional
images at the L-band over a range of incidence angles from 0° to
63° ( with effective range from 0° to 55°) across a swath of 1
000 km with a spatial resolution of 35 km to 100 km ( Fig. 1
(a)). When the satellite moves any given area on Earth is ob-
served more than 200 times in successive locations within the
FOV (Fig.1(b)) .

In the FOV the reconstructed linearly polarized orthogonal
TB in the instrument polarization basis is denoted by TX and TY.
In the absence of Faraday rotation and nominal Earth pointing
the usual horizontally polarized TB ( TH) and vertically polarized
TB ( TV) in the surface polarization basis correspond to the r
econstructed TX and TY in the instrument polarization basis a
long a line through the middle of the FOV.

Real4ime ESA SMOS Level 1 Operational Processor
(L1OP) V5.04 and V5.05 were implemented on November 14
2011 and the middle of March 2012 respectively. An anomaly
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Fig. 1  Properties of MIRAS measurements

that affected the L1C sea data above 72°N and 72°S in the V
5.04 L1 processor has been fixed in V5.05. The SMOS L1C TB
from January 2010 to December 2011 are reprocessed with the
L10P V5.04 and subsequently released.

We use the MIRAS TB of reprocessing ( V5.04) from May
2010 to December 2011 and real-time processing ( V5.04 and V
5.05) since January 2012.

2.2 Forward model

The forward model at the L band that computes for TB at the
top of the atmosphere without considering the Faraday rotation in
the Earth reference frame can be expressed as below

TB = ((Tby, + Tb,y) (1 = F) + Tby,, +
Top I + Tb,, ) €™ + Thy, (1)
where Tb, is the TB for flat sea 7b,,,, is the contribution of the
roughness of the sea F is the fraction of sea foam coverage that
mainly depends on Wind Speed ( WS)  Tb,,. is the TB of the

foam Tby is the downward emitted atmospheric radiation I is

foam

the sea surface reflection coefficient Tb,, . is the cosmic and
galactic contribution scattered by the sea surface because of the
Thyp is the a

is the

directional inhomogeneities in the galactic signal
tmospheric self-emission directed to the antenna and 7,
atmospheric attenuation.

The forward model simulates the atmospheric emission and
1993)
a tmospheric radiation by the rough ocean surface ( Reul et al.

2008)

2012b) . The sum of all simulated contributions in the sea sur—

absorption ( Liebe et al. the scattering of celestial and

and the emission by a rough sea surface ( Yin et al.

face polarization reference frame is computed first. A transforma—
tion matrix of the Stokes vector to the satellite antenna reference
frame including the geometric and Faraday rotation ( Waldteufel
et al. 2002 2004) is applied. Therefore simulated TBs can
be compared with actual MIRAS TBs in the SMOS antenna-direc—
tion cosine frame (& 7).

The salinity used as input for the simulation is obtained from
the monthly analysis of the World Ocean Atlas 2009 ( A ntonov
et al. 2010). WS Sea Surface Temperature ( SST)

mospheric parameters are obtained from forecasts provided by the

and at—

European Centre for Medium-Range Weather Forecasts. The To—
tal Electron Content ( TEC) produced by the International Global
Navigation Satellite System Service is used to reprocess the Ll
product whereas the TEC predicted by the International Refer—
ence lonosphere 2000 model ( Bilitza 2001) is used for the real—
time L1 product.

2.3 Effect of the sun

The orbit of SMOS is sun synchronous with a local equator
crossing time of 06: 00 am at the ascending node and an inclina—
tion of 98.3°. Hence the sun always remains at the right-hand
side of SMOS and the alias is at the left-hand side of the E
AFFOV ( Camps et al. 2004) ( Fig. 2) .

sun alias in the antenna frame of the instrument depends on the

The elevation of the

season and direction of passes ( ascending or descending) . For a
scending passes during April and August the sun alias is located
on the bottomeft of the EAFFOV. For descending passes during
August and April the sun alias is located along the alias of the

unit circle on the left-hand side of the EAFFOV.
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Fig.2  Sun tails in the FOV
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The direct influence of the sun can be treated as a point i
nterference which induces stardike( “* ”) tails in two dimo-
nitional FOV with the intersection of tails as the alias of the sun
( Fig.2) . The sun correction method was proposed by Camps e
tal. (2004) is used in the ESA L1 V5 image reconstruction and
flagging of sun alias and tails.

The scattered sun glint by the rough ocean surface is diffi—
cult to account for because of the strong temporal variations of the
sun TB at the L band. The magnitudes of the scattered sun glint
2007)

for a ground pixel. The pixel is flagged if the estimated sun glint

in different incidence angles are estimated ( Reul et al.

is stronger than 2 K for 10% of the measurements over that pix—
el.
The instrument heating caused by the sun also affects the re—

constructed TB caused by the antenna model.
2.4 TB biases

The TB biases are derived by computing the differences b
etween measured and modeled TB at the antenna level. Separate
biases are also computed for ascending and descending passes.
The SMOS LIC TB of both ascending and descending passes o
ver the eastern Pacific Ocean between 45° S and 5° S are used in
this study. The following diamond regions that are far from land
are used: 121° + 16° W at 5° S and 111° + 16° W at 45° S for
the ascending passes ( Fig.3(a)); 112° + 16° W at 5° S and
123° + 16° W at 45° S for the descending passes ( Fig.3( b)) .
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Fig.3 Regions used

The MIRAS instrument is equipped with three Noise Injec—
tion Radiometers ( NIR)

of the average TB scene for the absolute calibration of the M

which provides a precise measurement

IRAS image and measures the noise temperature level of the in—
ternal active calibration source for each individual receiver c
alibration ( Colliander et al. 2005) . The NIR is present on
each of the three arms of the MIRAS. The NIRs are calibrated

every two weeks and the resulting parameters are introduced in
the processing.

For each NIR event 10 ascending and 10 descending pas—
ses that fall within the diamond regions ( Fig. 3) are used to com—
pute the TB biases of the ascending and descending passes re—
spectively. TB biases centered on each NIR event are computed
every two weeks from May 2010 to December 2011. Since Janu—
ary 2012 TB biases are computed once per month and are trig—
gered by NIR events near the end or beginning of each month. A
pproximately 40 and 4 sets of TB biases of ascending and d
escending passes are obtained from May 2010 to December 2011
and from January 2012 to April 2012 respectively.

The nominal selection criteria of the 10 passes and MIRAS
TB are provided as below:

(1) Must exceed 10000 grid points per pass that fall within
the ascending ( descending) South Pacific diamond region.

(2) Only grid points far from land with no ice or rain con—
tamination must be used; ECMWF data must not be missing;
passes must not be flagged as having a high TEC gradient on the
dwell line; no L1C error flag set should occur; and WS must be
between 3 ms ™' and 12 ms™'.

(3) The following measurements must be discarded: sun
points sun tails direct sun corrections in the FOV reflected
sun corrections in the FOV  high sun glints high galactic noi-
ses outliers footprint major axes exceeding 100 km differences
between specular direction and target moon direction less than 0
.5° radio frequency interference contamination presence of
ice and passes within 200 km from land.

More detailed information regarding the flags can be found
in Section 3 of the [20S Algorithm Theoretical Basis Document
which is available on (2012 — 08 —27 http: //www. argans.
co. uk/smos/docs/deliverables/delivered/ATBD/SO - TN -
ARG -GS -0007_120S - ATBD_v3.8_111117. pdf) .

3 RESULTS AND ANALYSIS
3.1 Variations of TB biases in the FOV

The TB biases computed on September 28 2010 are shown
in Fig. 4. In the antenna-direction cosine frame (¢ 1) the TB
b iases in the FOV have typical amplitudes of +10 K and the
magnitude of biases in Y polarization is higher than that in X p
olarization. From May 2010 to April 2012 the peak-to-peak var—
iations in TB biases exceed 1 K in magnitude depending on the
FOV location. Diagonal stripes appear in Y polarization in the a—
nomalies of TB biases with respect to those shown in Fig. 5.
When the sun alias is in the FOV  vertical stripes are observed in
the FOV because of sun contamination ( Fig.5( a) ) .

The effects of sun correction on TB biases are tested. Ten
ascending passes computed on July 4 2010 are reprocessed with
the same L1 processor V5.04 and V5. 05 without sun correction.
The application of sun correction reduces the vertical stripes and
sun tails in Y polarization and decreases the standard deviation of
TB biases in the FOV from 0. 79 K to 0. 53 K. However vertical
stripes and sun tails are enhanced in X polarization even if the
standard deviation of the TB biases in the FOV only exhibits
slight changes ( Fig. 6) . The median and mean values of anoma—
lies in the TB biases of the FOV are close ( within 0. 05 K)
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whether sun correction is applied.
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3.2 Seasonal variations of TB biases

The receivers on board the MIRAS are affected by seasonal
variations because of the changes in the antenna patch tempera—
ture throughout the year. Thus a new antenna model is incorpo—
rated in ESA L1 processor V5. 04 and V5. 05 processing to ac—
count for these variations ( Kainulainen et al. 2012). H
owever seasonal variations of TB biases averaged in the FOV are
still observed. Hence we study the seasonal variations of TB bi-
ases in terms of Stokes 1 = ( TX/2 + TY/2) to avoid the s
easonal variations in TB related to the Faraday rotation. The
mean Stokes 1 biases of descending passes and antenna patch
temperature of NIRs vary in opposite phases ( Fig.7) ; the corr-e

lation coefficient between the two is —0.873. The correlation

1.5 ——NIRA 125
| ----NIRB
s === NIRC 20
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Fig.7 Seasonal variations of TB biases averaged in the FOV
and antenna patch temperature of three NIRs

(NIRA NIRB and NIRC) in two years
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between the TB biases of ascending passes and the antenna patch
temperature of NIRs remains unclear. The correlation between
the TB biases of ascending passes and the antenna patch temper—
ature of NIRs is negative during months with sun alias in the
FOV  whereas the correlation is positive during months without
sun alias in the FOV.

In addition to seasonal evolutions TB biases averaged along 0
vary depending on the distance ¢ from the satellite track ( Fig.8) .

Stokel/K
2012-01-01 i e i
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= 2011-01-12 =
2010-09-08 & —— -1

2010-05-01L— S,
06 04 -02 0 02 04 06
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Fig.8 Temporal evolution of TB biases averaged along dwell

lines across the satellite track for two years

4 DISCUSSION AND CONCLUSION

TB biases in the FOV have typical amplitudes of +10 K.
For approximately two years the peak-to-peak variations in mean
Ocean Target Transformation ( OTTs) are 1 K and are even larger
in certain locations in the FOV.

The anomalies in the TB biases of the FOV are quite close
(' within 0. 05 K) whether sun correction is applied. Therefore
the seasonal variations in TB biases averaged in the FOV are not
caused by sun correction in the L1 image reconstruction al-
though the sun correction algorithm and the flag implemented in
L1 V5 remain imperfect.

The seasonal variation of the TB biases of descending passes
in terms of Stokes 1 is negatively correlated with the a ntenna
patch temperature of NIRs. The correlation between the TB bia—
ses of ascending passes and antenna patch temperature of NIRs is
negative during months when the sun alias is in the FOV. How-
ever the correlation during months without sun alias in the EAF-
FOV is less clear and sometimes positive. The sun i nfluences the
back lobes of the instrument during the period when the instru—

ment is at the back of the platform.
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