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- ESSEO was presented to CORF
20 May 2023 and 8 May 2025
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- Why ESSEO 5 3
+ What and who is ESSEO o g
- Work done so far <
» Work ongoing ” ;
-108

 Interactions with other groups

https://www.esa.int/Applications/Observing_the_Earth/FutureEQ/Preparing_for_tomorrow/ESSEO_European_Scientists_on_Spectrum_for_Earth_Observation
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ESSEO — Why? Eesa

Science community Frequency Regulators

European Scientists on Spectrum for Earth Observation (ESSEO)

Breaks down scientific implications of frequency regulatory activities, and bridges the gap between
non-technical high-level summaries and solid scientific basis (e.g. peer-reviewed articles)
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ESSEO — Why? Eesa

Science community Frequency Regulators

ESSEQO’s goals are to:

Narrow the gap between scientists and frequency management activities (focus is on WRC-27)

Provide a more solid scientific basis for ESA-EUMETSAT positions

Indirectly contribute to frequency regulatory activities with science-based considerations

Informed view on impact of RFI

Assessment of the value of bands in operations and research

Link spectrum in wider contexts, e.g. the UN SDGs 4
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ESSEO — Why?

RADIO
REGULATIONS
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ESSEO — Members esa

Types of
Institution
involved

Fields of
expertise

Climate and
Research centres

Meteorological Space Agencies
centres \ /

Universities

. / Frequency
Active sensing / management
Passive sensing / \ Space weather

Meteorology Climate

6
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Work ongoing and planned esa

—» Updated Radio Regulations -
el Preliminary Agenda for WRC-27 WRE2Y

2023: year 0 2024 year 1 2025: year 2 2026: year 3 2027: year 4
_/

« In 2023-4 the group created a single science base and impact for WRC27 document and

made it available based on the preliminary WRC-27 agenda.

« In 2024-5 the science base and impact were separated into two documents:

ESSEQO - Potential Impact of WRC-27 on Earth System Observation Addressing the UN Sustainable Development Goals
ESSEQO - Scientific Background for the Potential Impact of WRC-27 into the Observations of the Earth System

« In 2026 the group will extend the science base less constrained by WRC
« In 2027 the group will assist in the build up to WRC-2027

7
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https://esamultimedia.esa.int/docs/EarthObservation/ESSEO_Potential_Impact_of_WRC-27_on_Earth_Observation_Systems_Addressing_the_UN_Sustainable_Development_Goals.pdf
https://esamultimedia.esa.int/docs/EarthObservation/ESSEO_Potential_Impact_of_WRC-27_on_Earth_Observation_Systems_Addressing_the_UN_Sustainable_Development_Goals.pdf
https://esamultimedia.esa.int/docs/EarthObservation/ESSEO_Potential_Impact_of_WRC-27_on_Earth_Observation_Systems_Addressing_the_UN_Sustainable_Development_Goals.pdf
https://esamultimedia.esa.int/docs/EarthObservation/ESSEO_Potential_Impact_of_WRC-27_on_Earth_Observation_Systems_Addressing_the_UN_Sustainable_Development_Goals.pdf
https://esamultimedia.esa.int/docs/EarthObservation/ESSEO_Potential_Impact_of_WRC-27_on_Earth_Observation_Systems_Addressing_the_UN_Sustainable_Development_Goals.pdf
https://esamultimedia.esa.int/docs/EarthObservation/ESSEO_Potential_Impact_of_WRC-27_on_Earth_Observation_Systems_Addressing_the_UN_Sustainable_Development_Goals.pdf
https://esamultimedia.esa.int/docs/EarthObservation/ESSEO_Science_background_for_WRC-27.pdf
https://esamultimedia.esa.int/docs/EarthObservation/ESSEO_Science_background_for_WRC-27.pdf
https://esamultimedia.esa.int/docs/EarthObservation/ESSEO_Science_background_for_WRC-27.pdf
https://esamultimedia.esa.int/docs/EarthObservation/ESSEO_Science_background_for_WRC-27.pdf
https://esamultimedia.esa.int/docs/EarthObservation/ESSEO_Science_background_for_WRC-27.pdf
https://esamultimedia.esa.int/docs/EarthObservation/ESSEO_Science_background_for_WRC-27.pdf

ESSEO - Output documents

ESSEO compiled two main output documents. They are available for free at:
www.tinyurl.com/ESSEO-WRC

Scientific background
Report on WRC-27 for the WRC Report

European Scientists on Spectrum for Earth Observation E S S E 0

POTENTIAL IMPACT OF WRC-27 ON EARTH SYSTEM OBSERVATION

ADLESINC RPN SToEATNAS S D DR NI e SCIENTIFIC BACKGROUND FOR THE POTENTIAL IMPACT

OF WRC-27 INTO OBSERVATIONS OF THE EARTH SYSTEM

8
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http://www.tinyurl.com/ESSEO-WRC
http://www.tinyurl.com/ESSEO-WRC
http://www.tinyurl.com/ESSEO-WRC

Science background document

1 Introduction 7
2 Atmosphere (including clouds & precipitation) 11
2.1 Environmental monitoring . . . . .. ... ..o 15
2.2 Environmental prediction . . . . . .. .. . Lo 25 ESSEO
2.3 Environmental long-term change monitoring . . . . . . . . ... ... .. 32 A
OF WRC(-27 INTO OBSERVATIONS OF THE EARTH SYSTEM
2.4 Linkage to WRC-27 — . . . . . . .. . e 38
Ocean and sea ice 41
3.1 Environmental monitoring . . . . ... .. ... ... L 42
3.2  Environmental Prediction . . . . . .. ... ... ... 0oL 47 WRC | Frequency Use in current Use in current Use in climate
-27 bands environmental environmental monitoring
3.3 Environmental long-term change monitoring . . . . . . . .. .. ... .. 48 Al (GHz) state prediction
34 Linkage o WRC-27 . - o o 5 1.1 47.2-51.4 GHz .50.2—50.1.1 GHz band 50.2-50.4 GHZ are not 50.2-50.4 -GHZ
is extensively used for normally assimilated bands available
surface characterisation, | buf it is essential to since 1970s
Land, snow pack and land ice and hydrology 53 in particular in support characterize surface so a mature CDR
) o of lower tropospheric emission in the
4.1 Environmental monitoring . . . . ... ... oL 54 air temperature sounding | 50-59 GHz temperature
4.2 Environmental prediction . . . . . ... . L L 0oL 65 and precipitation sounding band.
4.3 Environmental long-term change monitoring . . . . . . . .. .. ... .. 70 1.2 13.75-14 GHz | 13.25-13.75 GHz band 13.25-13.75 GHz band Scatterometers and
. used for winds and assimilation improves precipitation radars
44 Linkageto WRC27 . .o 72 precipitation monitoring | wind and precipitation available since
using active sensors predictions late 1990°s
Space weather 75 (scatterometers, radars) (scatterometers, so a mature CDR
radars)
5.1 Linkage to WRC-27 . . . . . .. . .. 78
6 Current evidence for and potential strategies for handling RFI in EO bands 79 9
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ESSEO Report — Elements for Regulators

Some elements from the ESSEO Report may be particularly useful for regulators:
1) High-level summary of the scientific implication for each Al

2.1.4 Summary

The 50.2-50.4 GHz band is extensively used for surface characterisation, in particular in
support of lowertroposphericairtemperature sounding and precipitation. The measurements
in this band are used by hydrological and meteorological prediction systems to predict air
temperature, wind speed, cloudiness, and rainfall. Thus, these measurements help the
prediction of severe events such as wind storms, floods and blizzards. Measurements in
this band have been recorded since the late 1970's and they have helped understand the
evolution of the Earth’s climate in the satellite era.
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Current RFIl examples in science paper: also see slide 2 @esa
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ESSEO Report — Elements for Regulators

Some elements from the ESSEO Report may be particularly useful for regulators:
1) High-level summary of the scientific implication for each Al
2) Mapping between Als and EESS bands

From Als to EESS bands

AT ‘ Section | Topic ‘ Main EO bands

11

1.2

13

14

1.7

2l

2.2

2.3

2.4

2.5

GSO and NGSO ESIM in 47.2-51.4 GHz

Small FSS antennas in 13.75-14 GHz

NGSO FSS Earth-to-space in 51.4-52.4 GHz

BSS and FSS in 17.3-17.8 GHz

IMT in 4.4-4.8, 7.125-8.4 and 14.8-15.35 GHz

Passive:
50.2-50.4 GHz

Active:

13.25-13.75 GHz

Passive:
52.6-59.3 GHz

Active:
17.2-17.3 GHz

Passive:

4.2-4.4 GHz
6.425-7.250 GHz*

8.4-8.5 GHz**

Communications:
7.19-7.25 GHz (uplinks)
7.45-7.55 GHz (downlinks)
7.75-7.9 GHz (downlinks)
8.025-8.4 GHz (downlinks)

i

K b= 11

Eesa

From EESS bands to Als

EQ bands for sensars

27.5-614 MHz (space weather)

1.4-1.427 GHz

4.2-4.4 GHz

6.425-7.25 GHz

8.4-8.5 GHz

13t2513% 5N G Z

17.2-17.3 GHz

50.2-50.4 GHz

52.6-59.3 GHz

86-92 GHz

100-102 GHz

109.5-111.8 GHz

114.25-116 GHz

148.5-151.5 GHz

164-167 GHz

174.8-191.8 GHz

200-209 GHz

226-231.5 GHz

Various bands between 235 and 247.2 GHz
250-252 GHz

Various bands between 275 and 325 GHz
Various bands between 325 and 700 GHz

‘ Active/Passive

Passive
Passive
Passive
Passive
Passive
Active
Active
Passive
Passive
Passive
Passive
Passive
Passive
Passive
Passive
Passive
Passive
Passive
Active and Passive
Passive
Active and Passive

Passive

| ATs

117
112,113
1.7 1:19
1.7
1.7.1:19
1.2

14

LIl ALE
13

1.18

2.6

2.6

1.18

2.6

1.18, 2.6
2.6

1.18, 2.6
18,26
1.8
18,26 12

18,21
1.8 GENCY



ESSEO Report — Elements for Regulators

Some elements from the ESSEO Report may be particularly useful for regulators:
1) High-level summary of the scientific implication for each Al

2) Mapping between Als and EESS bands

3) Links between AI, EESS bands and UN SDGs

WRC-27 Als

INERE
INREY
ar1.2 [l
A4

AI1.7'I
A]1.19I

ai1.17 [
Al1s [l
a2 |
Al1.13

AJ1.18I

EESS bands

50.2-50.4 GHz [Jj}
52.6-59.3 GHz [}
13.25-13.75 GHz [

17.2-17.3 GHz |

4.2-4.4 GHz I

6.425-7.250 GHz [

8.4-85GHz =

below 700 MHz [

above 226 GHz l
1.4-1.427 GHz

86-92 GHz .
114.25-116 GHz [
164-167 GHz [}

200-209 GHz [

UN SDGs

SDG 6.1

sSbDG24 W

SDG 6.6 —
SDG 154 —
SDG 7.3 —
SDG 12.2 —

SDG 14.3
SDG 144

spG9.1 |

SDG 2.3 I

.7 sﬁe 15 I
""‘i:,_ : |

_ éDG 13.1 I

 SDG 1.5 I

= SDG 6.5

SDG 7.2 m

SDG 3.3 I
SDG 6.4 I

SDG 11.2 mm
SDG 7.1 mm

Eesa
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From Frequencies to SDGs — an example

1.4 GHz

(passive sensing) )

Surface soil moisture

Root-zone soil moisture

Vegetation
bigmass

ATy
AR \

Integrated
water vapor

Soil moisture

Drought 3 10 1 0 75 ) 40
Frequency (GHE)
Early actions &
SDG Target
14
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From Frequencies to SDGs — an example

1.4 GHz CPCU
(passive sensing) Precipitation
Observations

Surface soil moisture

\

Root-zone soil moisture

L

Catchment
Land Model

GEOS-5 SMAP L1C_TB
Surface Brightness
Meteorology Temperature
Observations

EnKF
Assimilation

Y

L4_SM Product: Global, 9-km, 3-hourly, 3-day latency.
Surface and root zone soil moisture, soil temperature, snow, surface
fluxes, surface meteorological forcing, observed and modeled
brightness temperatures, assimilation diagnostics.

Drought

Early actions &
SDG Target

Reichle et al., 2017
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From Frequencies to SDGs — an example

1.4 GHz
(passive sensing)

Surface soil moisture

Root-zone soil moisture

\

Drought

Atmospheric' Water Deficit

Early actions & Soil Water Deficit Index

SDG Target

Eesa

Probability of Detection of Drought weeks
(from Paredes-Trejo and Barbosa, 2017)

1.0

08

5°S o

0.6

A

10°S

.ll.ﬂ

L 0.4

15°S

T T T T T T T 0.0
48°W 46°W 44°W 42°W 40°W 38°W 36°W 16
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From Frequencies to SDGs — an example @esa

Early actions

1.4 GHz
(passive sensing)

Fuganti et al., 2020

Surface soil moisture

Root-zone soil moisture

Aquaculture

Drought @
\ Forestry

Ea r|y actions & SDG Target 2.4 “resilient agricultural systems”

SDG Ta rget By 2030, ensure sustainable food production systems and implement resilient practices that
increase productivity and production, that help maintain ecosystems, that strengthen
capacity for adaptation to climate change, extreme weather, drought, flooding and other
disasters and that progressively improve land and soil quality.

17
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Future work esa

ESA has just published its updated EO Science

Strategy. In it, are the Science Questions

identified as main priorities

ST-I ST-II ST-IT1 ST-IV ST-V ST-VI
Water Cycle Carbon Cycle Energy Fluxes Ecosystem Extremes Interfaces
and Chemistry Health and Hazards and Coupling
SQ05 Coastal SQ01 Global SQ05 Drivers SQO02 Land 5Q36 Seismic SQO07 Coastal
sea level carbon cycle of coastal sea level  biosphere responses deformation process mediation
changes processes of exchanges
SQ07 Coastal 5Q03 Ocean 5Q20 Drivers 5Q03 Ocean carbon  SQ38 Earth’s crust SQ24 Polar and
process mediation carbon cycle of ice mass balance  cycle dynamics high-mountain
of exchanges climate relationship
B <] SQ20 Ice mass SQ08 Coastal $Q21 Drivers SQO08 (oastal carbon  SQ4k4 Water cycle 5025 Polar
t“:?_. ’ | A balance carbon cycle of sea-ice state cycle Ecosystem Impacts

and variability

Earth n ein Etion

SQ21 Drivers SQ43 Coupled SQ24 Polar 5Q25 Polar SQ51 Coupled SQ33 Solid Earth
fo r To mo rrow's Wo rI d of sea-ice state energy, water and high-mountain  Ecosystem Impacts litho-, atmo-, iono- deformation
and variability and carbon cycles climate relationship and mesosphere

Earth Observation Science Strategy

18
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Future work esa

The Science Strategy also
linked the Science Questions to
several international

agreements/policies.

. —< / y/
Paris Agreement _‘_____;;;;’f"/ /;r/,/;;
)
:—:" 4 [ /

. L4

Convention on Biodiversity Energy

Potential work for ESSEO will be
to study the links between the

Agriculture, Food security

EU Green Deal
Environment

Sustainable Development Goals Public Health

Science Questions and

Transport and Infrastructure

Civil Protection and Humanitarian Aid

frequency bands I

19

= ol N 1=l

— hm Bl =R == — fmm [%l > THE EUROPEAN SPACE AGENCY




Interactions with other groups
Sciences

N AT I O N A L Engineering
ACA D E M I ES Medicine

The Committee On Radio Frequency (CORF) is a group of the US
National Academies.

Presentations at each group’s meeting. Mutual review of documents

% ‘!\)/ WORLD
&Y METEOROLOGICAL
N ORGANIZATION

Some Expert Teams in the WMO make it possible to coordinate
efforts on frequency management activities (ET-RFC) and on the
use/importance of the spectrum from a user perspective (ET-SSU)

ho/-Cod

The Space Frequency Coordination Group is a group of space
agencies worldwide.

ESSEOQ’s outputs could be shared in this group, which is also
interested in the protection of spectrum for EO

Eesa

The Advisory Committee for Earth Observation (ACEO) advises the
ESA'’s Director of the Earth Observation Programme.

ESSEO presentation at a recent ACEO meeting. ESSEO could
support ACEO on frequency/interference topics

The European Space Sciences Committee is an advisory body within
the European Science Foundation.

Potential collaboration under consideration

@CRAF

The Committee on Radio Astronomy Frequencies protects the
spectrum for radio astronomy uses.

Many passive bands are shared between radioastronomy and EO.
Possible collaboration?

20
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More info about ESSEOQO:

2 p ]

Questions?
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