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About exploration of a noise signal for new mission application

SMOS mission overview

How SMOS’ payload MIRAS instrument sees the Sun

SMOS Solar flux algorithm

SMOS Solar flux validation results

Why SMOS Solar flux ?
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SMOS Mission (2009 ) Overview

SMOS (Soil Moisture and Ocean Salinity) SMOS carries the first spaceborne microwave interferometric
is one of ESA's Earth Explorers dedicated to radiometer (MIRAS) to measure Earth's surface radiation at 1.4 GHz
capturing ‘brightness temperature’ images

designed as a five-year mission, it is still

of Earth's surface DDD
delivering key information to advance

Tt is the first mission to provide global P 2 oo science and data used in various practical
observations of the temporal and spatial 5 = : applications, such as weather forecasting
variability in soil moisture and sea surface »

salinity, which are driven by the continuous

exchange in Earth's water cycle between

the oceans, atmosphere and land

Launched 2 November 2009, initially

Going way beyond its original scientific aim of
delivering critical information to understand Farth's
water cycle, SMOS continues to demonstrate

These key geophysical parameters—soil moisture its suitability for new uses. Some examples include:

for understanding hydrometeorological processes and salinity . providing information to measure thin ice floating
for understanding of ocean circulation—are both vital for ; in the polar seas accurately enough for forecasting
climate change studies. Its images are used to derive global and ship routing
maps of soil moisture and sea surface salinity every three measurements of severe winds over oceans
days, at a spatial resolution of about 50 km to support tropical cyclone monitoring

and forecasting

measuring the solar flux to support space weather
applications and solar science studies

Since the beginning of the SMOS mission,

around 24.2 million products have been downloaded =

from ESA's SMOS dissemination service, by more than The PROTEUS spacecraft platform SMOS utilises yey
1700 active users, for a total volume of 920 TB of data was designed and built by CNES and Alcatel Alenia @ ey
Space, while the MIRAS instrument was designed
and built by a consortium of 20 European companies, {98%
https://smos-diss.eo.esa.int/oads/access led by EADS-Casa Espacio [now Airbus)
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SMOS Mission (2009 ) Overview

SMOS (Soil Moisture and Ocean Salinity)
is one of ESA's Earth Explorers dedicated to
capturing ‘brightness temperature’ images
of Earth's surface

gy

It is the first mission to provide global
observations of the temporal and spatial
variability in soil moisture and sea surface
salinity, which are driven by the continuous
exchange in Earth's water cycle between
the oceans, atmosphere and land

These key geophysical parameters—soil moisture

for understanding hydrometeorological processes and salinity
for understanding of ocean circulation—are both vital for
climate change studies. Its images are used to derive global
maps of soil moisture and sea surface salinity every three
days, at a spatial resolution of about 50 km

Since the beginning of the SMOS mission,

around 24.2 million products have been downloaded
from ESA's SMOS dissemination service, by more than
1700 active users, for a total volume of 920 TB of data

https://smos-diss.eo.esa.int/oads/access

SMOS carries the first spaceborne microwave interferometric
radiometer (MIRAS) to measure Earth's surface radiation at 1.4 GHz

Launched 2 November 2009, initially
designed as a five-year mission, it is still
delivering key information to advance
science and data used in various practical
applications, such as weather forecasting

Going way beyond its original scientific aim of
delivering critical information to understand Farth's
water cycle, SMOS continues to demonstrate

its suitability for new uses. Some examples include:

providing information to measure thin ice floating
in the polar seas accurately enough for forecasting
and ship routing

measuremnents of severe winds over oceans

to support tropical cyclone monitoring

and forecasting

measuring the solar flux to support space weather
applications and solar science studies

&
The PROTEUS spacecraft platform SMOS utilises 2
was designed and built by CNES and Alcatel Alenia @ =
Space, while the MIRAS instrument was designed
and built by a consortium of 20 European companies, {98%
led by EADS-Casa Espacio [now Airbus)
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How MIRAS instrument is sensing the Sun

Due to antenna size (diameter equal to 16.5 cm)
and frequency wavelength (21 cm at L-band) the
instrument’s field of view (FoV) is large and includes
full Earth-disk and part of the surrounding Sky
including the Sun.

These stray solar signals

are noise for Earth scientists,
but valuable data for
space-weather watchers
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e % 06 S N » ! o o SN / . . .
- == F e Mo N AR v the FoV is affected by aliasing.
sky | A A P
1l f/ s _""“-\ Qg A2 4 H‘“f-—«____f“f""’ i - H
“DFT /Direct Su ~ / \ o
o8 {ﬁasic Period 0210 /z‘ \ A
T g ~ N 7 . . . .
e of Ropidasy” o £ 0 X X 0 Direct Sun signal appears as a replica in the
o 5 AN o
a8 2 ol B N . . . .
/ s D2LX \ i S SMOS image disturbing the sensing of Earth
4 04 f-*’li—ﬂ—“-rh‘vh V... = . . . . .
R b 3 P L t& y A surface emission. This signal is “removed” by
B il e T NI 1) A 1y
/ <4 Replicas i . .) Rl Y I I
: | S, A 57 bt ns 0 05 04 i -0 the L1 processor, the result of this removal is
‘ SMOS Field of viéw and image e.1lias (left r;anel). SMOS image with Solar signal (right panel) annOtated N I—1 B prOdUCt'
serco BReplaB °

- =W 4= 1= il O I e B b= Il B 2= E = B m ¥l » THE EUROPEAN SPACE AGENCY



SMOS Solar flux algorithm overview

 Ancillary information derived by the Sun removal algorithm annotated inside L1B (BT ) are corrected by
obliquity factor and converter in flux unit. The final Solar flux is derived with a liner model

sun
BTUTLC

T 2 Ky BTZ % Solar flux =F xm +q
cos (2 e) - F = 12 = QSun

e = arccos(+/xi% + eta?)

sun  __
BTCorEl -

* m,q coefficients are based on linear regression model between calibrated Solar flux from radio-
telescope measurements and SMOS Sun removal ancillary information F.

* m,q are derived for both Sun position in front and in the back of the antenna plane (xi, eta) along the
satellite orbit allowing 24h continuous estimation of the Solar flux
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SMOS Solar flux algorithm: calibrated reference

RSTN

Gaussian Regression Processor

Shimojo linear interpolation
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Frequency interpolation
Based on Shimojo at al. 2017 each Daily flux is
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SMOS Solar flux algorithm: regression model
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SMOS Solar flux results

Full monitoring of solar cycle-24 with excellent agreement with radio-telescope

- 2 4 6 8 10 ‘_k 2 4 6 i 8 10 1:__ e
160 160
-] 120 ;
AP SMOS v724 Front Mean Orbital Flux ; 3
g 100 g
2 P
180 o Xepol 2 Y3
[} Y-pOl . Z 50
160 — L-Band Ground "blended" radiotelescope reference r=0.97217 r=0.97833
: - mSolar Fltjx H\enu;us Reler;ze Dal.i:e:ll :SFUlFJG “ e E:S_;oldr Ficx B\erwj{f Relen;r::ju Dalé::eﬂt [SF diac 15(‘
< 140 — g I K
2, i :
= o
=120 — ' i
TH 5 ;
| . ! &
L ' |
c?) 100 — . 1 . =
L \ | a : . B I | i |_:
80 [ ' o i N
. | i r-.“' il b2 i Tar Uy ‘ A i W
40 | | | | | | | bl - i ki < | |
0 AA A2 AD Ab AD G Al AD A9 20 2\
N 20 20 20 20 20 20 20 20 20 20 29
,3\,'\7- ,51\.'\?‘ ,34\,"\?‘ ,3'\.'\?- ,31\.‘\?' ,3"\.'\?- ,31\.‘\?- ,3.\,'\?— ,31\.'\?- ,3’/\.'\‘2' ,51\.\?— ,31\.'\7‘
serco BRebplLaB !

- == N 411 = Il O I = - e Bl EE 2= E = B m ¥l » THE EUROPEAN SPACE AGENCY




Why SMOS Solar flux ?

Available in real time within 3 hours from acquisition with different temporal resolution

100 minutes suitable for Solar cycle studies and synergies with F10.7 for ionosphere/thermosphere
modelling (proxy of solar activity)

4.8 seconds for Solar Radio Burst (SRB) studies and synergies with Solar flare/Coronal Mass Ejection
monitoring/forecast Geomagnetic Storm WATCHES:
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Why SMOS Solar flux ?

Polarimetric data set at L-band for study circular polarization in Solar Radio Burst which impacts GNSS
signal reception. (SMOS frequency is right in the middle of the two L1 and L2 GPS signal)

07/09/2017 12/07/2012 -
— OF £ FIEPIIFTFIFITE R IR ET IR RS I T IS F IR IR FEE] o HE T A R A R P R A
i S GPS L1 fade event. | S No GPS L1 fade event.
o -
0w
711‘31‘30 14?35 14‘L4O 14‘-45 14‘-50 14:-55 15:00 PG'.‘IO 16:45 16:50 16;55 17:00 17:05 17:10 17215 17.'.20 I?:I25 17:30
. OFETIETEFEFES_ T pEIEIIEEEE T e T i T e i o
Z 3 B
O m
@ y GPS L2 fade event. | oT No GPS L2 fade event.
O w
-1'1?4 30 14135 14140 14-45 14-50 14'-55 15;00 16:40 16:45 16;50 16;55 17;00 1?;05 1?;10 1'.’:15 1?:20 1?!25 17:30
2 10’ T T T T 1 5[ 10° T T
3 L 4 4r
=" SMOS 15 Stokes SRB 3 SMOS 1%t Stokes SRB
m 1 | 1
c \ 2
@ 05" " 1 1
14:30 ‘-I4‘k35 14?40 - ;4745 14‘-50 14:'5.5 - 15:00 16:40 16:45 16:50 16;55 17:00 17:05 17:10 1Tj15 1?..20 17:25 ‘.IT‘SD
1 1
4 )
o 0 W P 0
w |I|"n|‘ T ‘ ' i ’ I‘_. |‘|I'4‘I-‘. \|
'114 30 14‘35 14‘40 14:45 14:50 14'5‘5 15:00 .11(5'.4[) 16:45 15;50 16;55 1?;00 1?;(]5 17;10 1'1’:15 1?.:2(} 1?:25 17:30
SMOS degree of circular polarization SMOS degree of circular polarization
in agreement with GPS fade event. e in agreement with No GPS fade event.
serco BRebplLAB v
=N 4 1= D1l D = == B = Il ZE 22 E - Em i (¥l » THE EUROPEAN SPACE AGENCY



Why SMOS Solar flux ?

Space weather application: correlation between amount of Solar flux at L-band and the speed, angular width
and kinetic energy of the Coronal Mass Ejection (CME) helpful for CME impact assessment

Poster session

A6.01 Geospace System Science: Thermosphere, lonosphere, Magnetosphere and Their Coupling

Poster board 480

Space weather operations with the SMOS mission: what an Earth observing satellite can tell about
solar activity (Manuel Flores-Soriano et al.)
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Thank you for your attention
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