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Passive sensing principle
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Passive sensing: the target Is the natural noise Eesa

Signal from
transmitter

Active system:
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Passive system:

Natural energy
emitted from Earth y
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Weather forecast

Main contributor to weather forecasting skill

Relative FSOI (Forecast Sensitivity-based Observation Impact)
(%)
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MWWV = Microwave humidity sounders
MWT = Microwave temperature sounders
IRT = Infrared temperature sounders . o
IRWV = Infrared humidity sounders

GPSRO = GNSS radio occultation

Aircraft = In situ observations on aircraft

Conv (no air) = Other in situ observgtions |

Scat = Scatterometers (currently all C-band)- E / o °
AMV = Atmospheric motion vectors (from satelllte |mage sequences)

Wind lidar = UV doppler wind lidar (only Aeolus in thls perlod) "
Other = All other observation types o




Climate

Sea ice seasonal and long-term monitoring

Arctic Sea Ice Extent

EUMETSAT, OSI SAF
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' 1980s === 2010s

v2.2 OSI SAF Sea Ice Index 1990s 2020s
Data: Derived from OSI SAF Sea Ice Concentration CDRs v3

Source: EUMETSAT OSI SAF (https://osi-saf.eumetsat.int) " 2000s —_— 2024
Graph generated 27/08/2024 09:32 UTC

Apr May Jun Jul Aug Sep Oct

EUMETSAT OSI SAF data, with R&D input from ESA CCI.




Soclio-economical benefits (example for land)
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Food security/Crop yield estimates
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Socio-economical benefits (example for ocean) Eesa

Hurricane prediction

Hurricane Genevieve
SHIPS errors with NCEP Ol SST

O-30kts - | — |
SHIPS errors with AMSR-E Ol SST " ‘.

Gentemann et al., 2006
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Frequencies for passive sensing




EO Spectrum needs esa

Passive sensing systems have no control over the frequency/intensity of the desired signal

At each specific frequency, the intensity of the natural signal depends on the geophysical
characteristics of the surface/atmosphere

requency {GH; " »
Sensitivity to Land paramete < g
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EO Spectrum needs esa

The frequencies that can be used by passive sensors are dictated by physical laws:

» They can’t be changed

Need this specific band
to measure soil moisture

Seasonal soil moisture from SMOS
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EO Spectrum needs esa

Sometimes sets of frequencies are needed at the same time.

In CIMR, using 5 channels will allow to measure the ocean surface & the atmosphere.

CIMR channels
6.9 10.65 18.7

Sea temperature . °

Water vapour | o B
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Sea salinity L
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Passive sensing instruments




Passive sensors Eesa

Passive sensors measure the faint signal of the thermal noise emitted by the Earth.
They need extremely sensitive receivers.

An example: CIMR

7.4 m reflector
8 rotations/minute
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Example of passive sensor objectives esa

To get a sense of the sensitivity of radiometers, the CIMR objectives are:
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« Sea Surface Temperature: uncertainty < 0.3 K
- Snow Water Equivalent: uncertainty < 4 cm




Sensitivity of passive sensors to RFI
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Sensitivity to RFI (Example 1) esa

Because of their sensitivity, passive sensors are very easily affected by Radio-Frequency
Interference (RFI).

Signal amplifier &

S | lifier OFF wireless camera OFF

Visible RFI ignal amplifier _
. (RFI still visible)

S i

PSU055

b 0 -5 5
RFI Brightness Temperature Snapshot US055 | 2016-02-04T12:36:08
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Sensitivity to RFI (Example 2)

Satellite TV Broadcast
Channsl 19 (12072.72 MHz)

Termrastrial TV Antanna systam
Channel 21 (12111.08 MHz

EESS satellite
(passive remote sensor)

LNB (outdoor low noise

block converter) . IF radiation
F(local oscillator) = 10678 MHz EMI

50 km radius over center of Nagoya

antenna temperature [K]

Y
Jin



7=

(3
®
D)
=)
©
X

| 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 |




Examples of RFI at other frequencies
AMSR-2; 6.9 and 7.3 GHz
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Impact of RFI
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Impact on Science s esa
Noise Iincrease

—

Daa

160w 128% 96W 32%

loss

128E 160E

w

N
w

Increase in noise

1 b0 i L " A

0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9

fraction of sample lost

.

Gain (36.5GHz)

cycle
4 © 8 10 12 14 16 18 20 22 24 26 28 30 32

— S3A (Meah=4.563)
— S3B (Mea :

b
o

S3A Gain [mV/K]
»
w

4.3
10 L0130 501© LT L0 00T o 5018 LoV® e ® 5010 12 L1200
et lec_,e'\) 1Ooef— 7’%\3‘ 10\\_\0 105«3? 100el 7‘%\3‘ 10\»\“ 105@? 7’0030 7‘9‘\:\3( lq\x\“ ’Lege? 2°

=



Impact on Costs & ROI € esa

> Less data

» More complex design

» Larger uncertainties > More complex data

» Incorrect retrievals exploitation
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This means:

» Lower Return On Investment (40
> Lower Socio-Economic and Scié tiﬁc usefulr
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ITU References & Takeaways




Main ITU-R References ecsa

Characteristics of EESS (passive) sensors: Rec ITU-R RS.1861

Interference and protection criteria for EESS (passive) sensors: Rec ITU-R RS.2017

See also:

Rec ITU-R RS.1859 “"Use of remote sensing systems for data coIIectlon to be used |n the
event of natural disasters and similar emergencies” - * e

Rec ITU-R RS.1883 “"Use of remote sensing systems in the study of cllmate change and‘
the effects thereof” ) ol

Earth observatlons and for related applications”
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Takeaways esa

« Passive sensors contribute to various applications & socio-economical benefits.

« Passive sensors have no control over the signal they want to receive.

They can’t change the frequency at which they operate. o
7 \
" . . . /
« Because they measure “noise”, they have extremely sensitive receivers. This makes .
them particularly vulnerable to RFI. e
, — I/
« RFI to passive sensors decreases the science value and increases thfgj,t,..ces}‘.s/f. " R
f”"‘ﬁ_’-—/-’#‘,’/' }
« Public data access for most passive sensors -> large user base . —/

"""IA‘. |

- Need to protect passive sensors in regulatory tqn/ws.. : " i !
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