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1 

IUCAF 4th School on Spectrum 
Management for Radio Astronomy 

 

EESS – Passive and Active 
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Space Sciences services in the ITU 

!   Earth Exploration-
Satellite 
!   Space Research 
!   Space Operation 
!   Radio Astronomy 
!   Meteorological-
satellite 
!   Meteorological Aids 
!   Standard Frequency 
and Time Signal 

!   EESS Earth to 
Space 
!   EESS space to 
Earth 
!   EESS (active) 
!   EESS (passive) 

!   SRS Earth to Space 
!   SRS space to Earth 
!   SRS (active) 
!   SRS (passive) 



P
ro

pr
ié

té
 C

N
E

S
 –

 re
pr

od
uc

tio
n 

in
te

rd
ite
 

 
1.51  
!  Earth Exploration-Satellite Service: A radiocommunication 
service between earth stations and one or more space 
stations, which may include links between space stations, 
in which:  
!   information relating to the characteristics of the Earth and its 

natural phenomena, including data relating to the state of the 
environment, is obtained from active 

!   sensors or passive sensors on Earth satellites;  
!   similar information is collected from airborne or Earth-based 

platforms;  
!   such information may be distributed to earth stations within the 

system concerned;  
!   platform interrogation may be included.  
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Earth Exploration 
Satellite Service 

(passive) 
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!  Passive sensors are designed to receive and measure natural 
emissions produced by the Earth’s surface and its atmosphere. The 
frequency and strength of these natural emissions characterize the 
type and status of many important geophysical, which describe the 
status of the Earth/Atmosphere/Oceans System: 
 
! Earth surface parameters such as soil moisture, sea surface 

temperature, ocean wind stress, ice extension and age, snow 
cover, rainfall over land, etc ... ; 
 

! Three-dimensional atmospheric parameters (low, medium, 
and upper atmosphere) such as temperature profiles, water 
vapour content and concentration profiles of radiatively and 
chemically important trace gazes (for instance O3, SO2 and 
ClO). 

Objectives of the Passive Bands 
 
1.182  
!  Passive Sensor: A measuring instrument in the earth exploration-

satellite service or in the space research service by means of 
which information is obtained by reception of radio waves of 
natural origin. 
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! Microwave observations at frequencies below 100 GHz enable 
studies of the Earth’s surface and its atmosphere from spaceborne 
instruments even in the presence of clouds, because clouds are 
almost transparent at these frequencies. This "all-weather" observing 
capability has been very important for EESS in achieving the 
repetitive global coverage mandatory for meteorological, 
climatological, and environmental monitoring and surveying.  
 

!  The impressive progress made in recent years in weather analysis, 
warning and forecasts, especially for dangerous weather phenomena 
that affect all populations and economies is largely attributable to the 
spaceborne observations and their assimilation in numerical models. 

Objectives of the Passive Bands 
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• TABLE 1 

 

ATMOSPHERIC OPACITY IN FREQUENCY RANGE 1-275 GHz
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• TABLE 1 
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Sensitivity of Brightness Temperature to Geophysical Parameters  
over Ocean Surface 
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• TABLE 1 

 

Sensitivity of Brightness Temperature to Geophysical Parameters  
over Land Surface 
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Frequency bands for satellite passive remote 
sensing below 275 GHz 
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!  RECOMMENDATIONS : 
 
! SA.515-5 : Frequency bands and bandwidths used for 

satellite passive sensing  
   

! SA.1028-2 : Performance criteria for satellite passive 
remote sensing    
 

! SA.1029-2 : Interference criteria for satellite passive remote 
sensing    
 
!  1400-1427 MHz: -174 dBW, 27 MHz, 99.9% 
!  10.6-10.68, 10.68-10.7 MHz:-156,-166 dBW, 100 MHz, 99.9% 
!  23.6-24 GHz: -166 dBW, 200 MHz, 99.99% 
!  50.2-50.4 GHz: -166 dBW, 200 MHz, 99.99% 
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Data Availability 

!  Percentage of area or time for which accurate data is 
available for a specified sensor measurement area or 
sensor measurement time.   
 
!  for a 99.99% data availability, the measurement area is a square 

on the Earth of 2,000,000 km2, unless otherwise justified;  
 

!  for a 99.9% data availability, the measurement area is a square on 
the Earth of 10,000,000 km2 unless otherwise justified;  
 

!  for a 99% data availability the measurement time is 24 hours, 
unless otherwise justified 
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Regulatory Status 

!  Primary : passive bands shared with other 
active services, in general terrestrial services 
(FS, MS), not space services (MSS, FSS) 
!  Primary and exclusive : according to 5.340: « 
All emissions are prohibited in the following 
bands … ». Most of the exclusive EESS 
(passive) bands are shared with RAS 
(Radioastronomy) 
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14 

Microwave passive frequency bands: how to 
solve the issue of unwanted emissions? 

5.340: All emissions are 
prohibited 

 
This footnote does not 

prohibit unwanted 
emissions in adjacent 
bands to fall within this 
passive band. 

 

 
 

FIGURE 1  
Out-of-band and spurious domains 

Unwanted emissions Unwanted emissions 

Spurious domain Spurious domain Out-of-band 
domain 

Out-of-band 
domain 

Necessary 
bandwidth 

Frequency of the emission 

Boundary of the spurious domain 
Limits of the necessary bandwidth 
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15 

1400-1427 MHz band: RFI for SMOS Areas 
affected by strong RFI over Europe for 

ascending orbits, early 2010 (ESA, CESBIO) 
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Regulatory Status – Resolution 750 
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Earth 
Exploration 

Satellite 
Service (active) 
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1.182  
!  Active Sensor: A measuring instrument in the earth exploration-satellite 

service or in the space research service by means of which information is 
obtained by transmission and reception of radio waves.  

Objectives of the Active Bands 

!   Types of active sensors 
 
!   Imagery (SAR) 
!   Altimetry 
! Scatterometers 
!   Precipitation and Cloud radars 
!   Cloud profiling radars 
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!  Applications 
 
!   – soil moisture; 
!   – vegetation mapping; 
!   – snow distribution, depth and water content; 
!   – geological mapping; 
!   – land use mapping; 
!   – ice boundaries, depth, type and age; 
!   – ocean wave structure; 
!   – ocean wind speed and direction; 
!   – mapping of ocean circulation (currents and eddies); 
!   – oil spills; 
!   – geodetic mapping; 
!   – rain rates; 
!   – cloud height and extent; 
!   – surface pressure; 
!   – measurement of biomass in tropical forests; 

Objectives of the Active Bands 
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• TABLE 1 

 

Applications 
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!  RECOMMENDATIONS : 
 

! SA.516-1 (03/94) : Feasibility of sharing between active sensors used on Earth 
exploration and meteorological satellites and the radiolocation service  
 

! SA.577-5 (06/97) : Preferred frequencies and necessary bandwidths for spaceborne 
active remote sensors    
 

! SA.1071 (07/94) : Use of the 13.75 to 14.0 GHz band by the space science services and 
the fixed satellite service  
 

! SA.1166-2 (10/99) : Performance and interference criteria for active spaceborne sensors    
 

! SA.1260-1 (05/03) : Feasibility of sharing between active spaceborne sensors and other 
services in the range 420-470 MHz      
 

! SA.1261 (06/97) : Feasibility of sharing between spaceborne cloud radars and other 
services in the range of 92-95 GHz   
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Scatterometers 

!  Useful for determining the roughness of 
large object from smooth to very rough 
 

!  Around 200 MHz reflectivity depends 
upon the dielectric constant of the 
object 
 

!  At lower frequencies, reflectivity 
depends upon electrical conducivity 
 

!  Can be used at low frequencies to 
penetrate the surface to detect sub-
surface structure 
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Altimeters 

!  Narrow beamwidth  
(2 mrad) and very short 
pulse (2ns), timing of the 
round trip provides altitude 

!  Mainly used for ocean and 
ice studies 
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Imagers 

!  Synthetic aperture radars 
mainly used for surface 
imaging 
 
!  Doppler radars employed 
in the area of meteorology 
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Rain and Cloud Radars 

! Based upon changes in clear 
atmosphere refractive index 
! Studies carried out with 
orthogonally polarized radars and 
multiple narrow beam coverage 
between 2 and 37.5 GHz 
! Measurements of precipitation 
rate,  intensity drop size, wind 
movements etc…. 
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SAR 
 

Altimeter 
 

Scatterometer 
 

Precipitation 
radars 

 

Cloud profile 
radars 

 

Viewing geometry 
 

Side-looking at  
10-55 deg off nadir 
 

Nadir-looking 
 

1) Six fan beams in azimuth 
2) Two conically scanning beams 
 

Nadir-looking 
 

Nadir-looking 
 

Footprint/dynamics 
 

1) Fixed to one side 
2) ScanSAR 
 

Fixed at nadir 
 

1) Fixed in azimuth 
2) Scanning 
 

Scanning across 
nadir track 
 

Fixed at nadir 
 

Antenna beam 
 

Fan beam 
 

Pencil beam 
 

1) Fan beams 
2) Pencil beams 
 

Pencil beam 
 

Pencil beam 
 

Radiated peak power 
 

1500-8000 W 
 

20 W 
 

100-5000 W 
 

600 W 
 

1000-1500 W 
 

Waveform 
 

Linear FM pulses 
 

Linear FM 
pulses 
 

Interrupted CW or 
Short Pulses 
 

Short pulses 
 

Short pulses 
 

Bandwidth 
 

20-300 MHz 
 

320 MHz 
 

5 - 80 kHz 
 

14 MHz 
 

300 kHz 
 

Duty Factor 
 

1-5 % 
 

46 % 
 

31 % 
 

0.9 % 
 

1-14 % 
 

Service Area 
 

Land/coastal/Ocean 
 

Ocean/Ice 
 

Ocean/Ice/Land 
 

Land/Ocean 
 

Land/Ocean 
 

EESS (active) 
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Sharing Issues 

! Before 1995 most of the active bands were only authorized 
as radiolocation service with a footnote indicating that 
spaceborne radars could be used as instruments of the Earth 
exploration-satellite service. This implies that most of the 
band are shared with radiolocation. Sharing is feasible 
!  The 432-438 MHz band was allocated at WRC-03. The 
allocation is secondary. Sharing is difficult with Amateur and 
Radiolocation but satellites are intended to be used in remote 
areas (Mimosa Project around the South Pole) 
!  In the 5 GHz band Mobile service proponents are targeting 
an extention of their band for WIFI access at WRC-15. If 
agreed this will be very detrimental for SAR imagery 
(RADARSAT and SENTINEL) 
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Sharing Issues 

!  Agenda 1.12 of WRC-15 is considering extending the band 
9300 -9900 MHz by 600 MHz. This will give radar pictures a 
metric resolution 
 
!  The 94 GHz band was allocated to EESS (active) at WRC-97 
in particular for spaceborne cloud radars. This band is shared 
with the radio astronomy service. Recommendation ITU-R 
RA.1750 on “Mutual planning between the EESS (active) and 
the RAS in the  94 GHz and 130 GHz bands” was drafted. 
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Thanks for your attention 

29 


