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Introduction: SMOS Mission (1/2) 

q  SMOS (Soil Moisture and Ocean Salinity) is the 2nd Earth 
Explorer Opportunity mission of the European Space 
Agency's (ESA).  

q  SMOS was launched in November 2009. 

q  The mission is jointly operated by ESA and the French 
Centre National d’Etudes Spatiales (CNES) 

q  ESA’s SMOS mission is still in excellent technical conditions. 

SMOS Scientific Objectives directly respond to the need for global observations of soil moisture and 
ocean salinity, two key variables used in predictive hydrological, oceanographic and atmospheric models. 

SMOS observations also provide information on drought index, flood risks, surface ocean winds in storms, 
sea ice and dynamics affecting large-scale processes of the Earth's climate system.  
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Introduction: SMOS Mission (2/2) 

q  SMOS mission is based on a sun-synchronous orbit (dusk-dawn 6 am/6 pm) with a 
mean altitude of 758 km and an inclination of 98.44°.  

q  SMOS has a 149-day repeat cycle with an 18-day sub-cycle and a revisit time of 3 days 
at the equator.  

 SMOS Payload: Microwave Imaging Radiometer using Aperture Synthesis (MIRAS)  
ü  Passive microwave 2-D interferometric Radiometer,  

ü  Central structure with 3 deployable arms holding 69 antenna elements (8m diameter) 
ü  SMOS operates in the 1400-1427 MHz frequency band, that is a Primary Allocation 

for the Earth Exploration Satellite Service EESS (passive),  
ü  SMOS measures the Brightness Temperature emitted from the Earth at L-band over a 

range of incidence angles (0 to 55°) across a swath of approximately 1000 km with a 
spatial resolution of 35 to 50 km.  
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Introduction: SMOS RFI Environment 

frequency

Lower Adjacent Band (ACTIVE)
Radiolocation Service (R1-2-3)

Fixed Service (R1)
Mobile Service (R1)

EESS Passive
Also SRS passive 

and RA

  

Upper Adjacent Band (ACTIVE)
Space Ops Service (R1-2-3)

Fixed Service (R1-2-3)
Mobile Service (R1-2-3)

        1400 MHz          1427 MHz

Wanted signal 
(Brightness temperature 

from natural sources)

Interference signal 
From active service stations

SMOS

RFI SOURCES IN THE PASSIVE BAND

* OUT-OF-BAND & SPURIOUS EMISSIONS from ACTIVE 
Services in ADJACENT BANDS

* EMISSIONS from UNAUTHORISED Services IN-BAND

•  The RFI is an signal added to the 
natural radiation emitted by the 
Earth, and leads to incorrect 
brightness temperature 
measurements. 

•  The effects of the emissions from a 
single RFI source can corrupt 
measurements up to two thousand 
Km away from the RFI source.  

PROBLEM: Soon after Launch (2009), the presence of RF Interference (RFI) was 
observed worldwide with Brightness Temperature up to several thousand Kelvin.  
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RFI Emissions and Brightness Temperature 

q  The BT due to natural sources is the physical temperature of the 
source. 

q  BT around 350 K and higher indicate that there is a man-made 
transmitter in the band è INTERFERENCE SOURCE 

q  Man-made emissions are typically observed by SMOS as strong point 
source emissions 

RFI intensity is observed in terms of Brightness Temperature 

What is the impact of harmful interference into SMOS observations? 

q RFI’s jeopardize SMOS scientific data retrieval in certain regions, especially over continental areas in Asia and 
the Middle East.  

q RFI’s are also disrupting the temporal continuity of scientific measurements at global scale.  

q Land RFI’s are compromising the retrievals of Sea Surface Salinity (SSS) in coastal areas. 

q In addition, the RFI impact goes in detriment of the country’s interest for natural hazard prevention, such as 
the case of flood risk warning. 



ESA UNCLASSIFIED - For Official Use SMOS RFI Team | 29/05/2017 | Slide  7 

ITU-R Radio-Regulations: No 5.340 & Res 750 

Res.750 sets limits for unwanted emissions from active services operating in 
adjacent bands: 
Mandatory limits for IMT mobile (new WRC-15) 

But just recommended limits for radars, fixed and mobile systems 
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Impact of RFI Emissions vs. Strength 

RFI TYPE BT (K) DETECTION IMPACT 

LOW < 350 Difficult to detect Incorrect physical retrieval 

MODERATE 350 – 1,000 Easily detectable. 
 
Impact circumscribed to the 
location of ground emitter. 
 

The quality of the data 
negatively affected, with less  
data available for the retrieval 
leading to less accuracy  

STRONG 1,000 – 5,000  Larger area of influence 
through the secondary 
lobes tails 

More data need to be  discarded 
for scientific retrieval, leading to 
a significant data loss.  
 

VERY STRONG > 5,000 Blind the full SMOS field-of-
view and can blank out an 
extent of several hundreds 
of kilometres 

Important loss of data for 
scientific retrievals 
 



ESA UNCLASSIFIED - For Official Use SMOS RFI Team | 29/05/2017 | Slide  9 

q  SMOS SOIL MOISTURE observations can be heavily impacted by interference. 

q  A very strong RFI contamination was observed in Central Europe by mid 2012. The RFI was due to one single very 
powerful radar emission with excessive unwanted emissions in the 1400-1427 MHz adjacent passive band. 

q  Status: The RFI case was solved in 2013 following remedial action by the national spectrum management authorities 

q  The figures below show the Soil Moisture retrieval and associated RFI Probability maps with and without the presence of 
the very strong RFI.  

. 

RFI Impact on SMOS Soil Moisture Products 

Credits: CESBIO 

“Standard” RFI 
scenario 
 
1 to 4 Jul 2012 

“Very Bad” RFI 
scenario 
 
10 to 13 Sept 
2012 
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RFI impact on SMOS Ocean observations 

q  The geographical distribution of RFI sources is Non-Uniform, 
q  99% of the RFI sources are located over land, 
q  Over the oceans very few RFI sources have been found, however SMOS has 

detected some cases coming probably from radar systems on-board ships.  
 

SMOS BT snapshot showing the presence of an 
RFI over ocean. Credits: R Oliva (ESA) 

Credits: Barcelona Expert Center 

Other than occasional boats, the RFI problem in 
Ocean observations arise from contamination 
from land sources 
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Administrations contacted by ESA to report SMOS RFI cases 
ESA Member States European Non-ESA 

Member States 
Outside Europe 

Belgium 
Czech Republic 

Denmark 
Finland 
France 

Germany 
Greece  
Ireland 

Italy 
The Netherlands 

Poland 
Portugal 

Spain 
Sweden 

United Kingdom 
 

Albania 
Bulgaria 
Croatia 

Hungary 
Iceland 
Latvia 

Romania 
Russian Federation 

Serbia 
Turkey  
Ukraine 

 

Algeria 
Argentina 
Australia 

Brazil 
Canada 
China 

Guatemala 
India 
Israel 
Japan 

Morocco 
Saudi Arabia 
South Korea 

Thailand 
United States 

Western Samoa 
 

Reporting of Harmful Interference to 
Administrations (1/2) 

•  From 2010 to 2017 ESA has reported the 
cases of harmful RFIs to more than 40 
countries. 

•  Reporting the presence of RFI is the 
outcome of reinforcing the ITU Radio 
Regulations. 

•  This is a long term process requiring 
efforts and adding, to the scientific 
mission, extra unforeseen costs for the 
allocation of resources such as 
manpower and RFI detection tools. 
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Key aspects necessary to succeed in the SMOS RFI reporting: 
ü  Cooperation of the administrations involved; 
ü  Provision of accurate coordinates and characterisation of the RFI cases 

detected; 
ü  Close cooperation of SMOS RFI team and ESA frequency management; 
ü  Required continuous efforts in the RFI detection, monitoring, reporting and 

follow-up of the contacts; 
ü  It is important to increase awareness about the RFI problem of passive 

remote sensing è ITU BR is kept informed of harmful RFI cases reported 
by ESA (formally this is done through the French Administration, who 
represents ESA at ITU) 

Reporting of Harmful Interference to 
Administrations (2/2) 
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ESA SMOS RFI monitoring and reporting Process 

RFI Monitoring 

RFI Database Monthly update 

RFI Reporting to the Admin 

Credits: E Uranga, M Castillo (ESA) 
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SMOS RFI: Worldwide RFI distribution per 
continent (updated on 30th April 2017).  

Notes:  
(1) The RFI threshold is typically set to BT >350K 
detected at least during 25% of the passes in one month. 
(2) Strong RFIs are masking the detection of moderate 
RFIs 

SMOS RFI (launched Nov 2009) 
More than 1700 RFIs detected worldwide [2010-2017] 

Now ≈ 400 RFIs active (2017) 
High variation of RFI location over time: Sometimes it is difficult 

to know when  RFI cancellations (“RFI OFF” ) have been 
triggered by national reinforcement of ITU RR. 
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Interference sources in the 1400-1427 MHz passive band 
(based on SMOS experience) 

Emissions prohibited by the Radioregulations (RR. No 
5.340). Types of sources identified: 

q  Wireless security cameras operating within the 
passive band (cases: low cost equipment identified 
in Ukraine, Spain and USA); 

q  Unauthorised Radiolinks (cases: multi-channel 
radio systems identified in Italy and Greenland);  

q  Malfunctioning equipment in adjacent bands 
with high spurious levels (cases: TV repeaters and 
DECT phone-sets identified in Spain and Greece ) 

q  Satellite broadcast home-TV equipment with 
IF leakage due to insufficient isolation or 
malfunction (cases: Japan, aggregate effect of 
thousand of user equipment) 

Limits to maximum levels to protect passive services 
(mandatory or recommended, depending on the type of 
active service) are defined in RR Res.750 (rev WRC-15). 
Main sources are due to: 
q  Radars with excessive unwanted emission levels. 

These are the most common sources and very difficult 
to improve, as Res 750 only provides recommended 
levels for the radiolocation service. 

ü  Some admin. have cooperated modifying the radar 
settings, upper freq of operation, or filtering 
characteristics (cases: Canada, Ukraine, Iceland, 
Germany, Poland). 

ü  However, other admin. claim that radars are a DoD 
issue and no action is taken (cases: United States, 
France, Croatia) 

 
 

In-band emissions Unwanted emissions 
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Example of the successful resolutions of RFI due to 
excessive OOB emissions from Radars (Canada) 

q During the SMOS mission, there have been many 
successes in removing RFI data, but also several threats.  

q Europe and North America have been among the 
success stories in improved RFI situation. The excessive 
unwanted emission levels of the Canadian L-Band radar 
network were interfering SMOS observations in North 
America. 

q In 2012, Canada refurbished the radar network to be 
compliant with the maximum Out-of-Band emission levels 
indicated in the Radio-regulations (Res. 750). 

q The figures show the noticeable improvement observed 
and the positive impact in the SMOS sea surface salinity 
measurements, not only along the northern coast of 
Canada, but especially along the US-Canadian border and 
around the northern sea.  



ESA UNCLASSIFIED - For Official Use SMOS RFI Team | 29/05/2017 | Slide  17 

Example of the RFI improvement following action of 
the Spectrum Management Authorities (China) 

q In China, 76 RFI cases were reported and immediate action was requested in particular for the 20 very 
strong RFIs (BT > 5000 K). Actions have been taken by the Chinese authorities and a decrease in the 
number of very strong RFIs in 2016 can be seen over the overall territory.  

q However, there are still multiple RFI sources present (see right image) and further actions are still 
needed. 

Credits: E Uranga, M Castillo (ESA ESAC) 
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Example of sudden RFI increase detected in Japan by end 
2011: Reported to the Administration and now pending the 
implementation of remedial actions 

•  Some particularly RFI threatening situations have also appeared during the past 7 years of SMOS data.  
•  One example occurred on September 2011 in Japan, when most of urban areas suddenly showed RFI 

contamination.  
•  Tests facilitated by the Japanese authorities (MIC) confirmed that the interference was due to malfunctioning/poor isolation 

of the intermediate frequency (IF) circuits of direct broadcast home-TV receiver equipment. 
•  Although the TV broadcasting satellite (BSAT-3C)  operates in Ku-Band, the channelling for two of the TV channels has the 

intermediate frequency overlapping with the 1400-1427 MHz band. These two new TV-broadcast channels started operations 
by end 2011.  

•  Sea Surface Salinity (SSS) retrievals in coastal areas around Japan are being compromised by these land RFIs. 
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RFIs in 1400-1427 MHz at a glance 
Distribution of RFI Brightness Temps by SMOS radiometer from 3 to 17 May 2017 

Credits: Cesbio 
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RFI evolution along SMOS mission  
(2009-2017) 

More than 10% of Worldwide Land 
pixels have been recovered 
thanks to the efforts invested in  
REGULAR RFI MONITORING, and  
REPORTING to the different 
administrations of the RFI cases 
detected in their territories è 
 
The reinforcement of the existing 
ITU Radioregulations is key to 
improve the WORLDWIDE RFI 
scenario for PASSIVE EARTH 
OBSERVATION SENSORS 

Credits: R.Oliva (ESA) 
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Conclusions 
q  It is essential to protect the passive band 1400-1427 MHz from both 

illegal and excessive unwanted emissions. 

q  The solution of the RFI due to illegal emissions can be achieved 
with the cooperation of the national authorities. 

q  However, the solution of the excessive unwanted emissions 
problem requires regulatory action and compliance with levels 
adopted in ITU-R Res 750 (WRC-15). 

q  Efforts have to be continued and intensified by raising concern 
among the different countries and organisations about the negative 
impact of RFI in scientific return of scientific space missions.  
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VIDEO Material 

1.  SMOS mission  
2.  SMOS RFI probability maps: Evolution from 2010 to 2016 

For comments and questions: 
Elena.Daganzo-Eusebio@esa.int   


