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ESSEO — Why?

ESSEO (via ESA/EUMETSAT)

World Radiocommunication
Conference 2023

(WRC-23)

Final Acts

RADIO
REGULATIONS
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ESSEO — Why?

Science community Frequency managers

European Scientists on Spectrum for Earth Observation (ESSEO)

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

Science community Frequency managers

ESSEO’s goals are to:

- Narrow the gap between scientists and frequency management activities (focus 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. to the UN SDGs ;
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ESSEO — Members esa

Types of
institutions
involved

Fields of
expertise

Climate and
Research centres

Meteorological Space Agencies
centres \ /

Universities

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

Meteorology Climate
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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

ADRRESENGTHE- UL N e LU NENIOR S SCIENTIFIC BACKGROUND FOR THE POTENTIAL IMPACT

OF WRC(-27 INTO OBSERVATIONS OF THE EARTH SYSTEM
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ESSEO Report:

Al with potential impact for Earth Observations

1.1
1.2

1.3
WRC-27 AI of potential

impact for Earth observation 14

1.7
1.8
1.12
1.13
1.17
1.18

1.19
Select Preliminary WRC-31 Al >~ 51

_ 2.6

GSO and NGSO ESIM in the 47.2-51.4 GHz band
Small FSS antennas in the 13.75-14 GHz band

NGSO FSS E-s in the 51.4-52.4 GHz band

BSS and FSS in the 17.3-17.8 GHz band

IMT in the 4.4-4.8, 7.125-8.4 and 14.8-15.35 GHz bands
Radiolocation above 230 GHz

Low-data rate MSS in the 1427-2025 MHz band

IMT from satellite in the 694-2700 MHz band

Space weather in the 27.5-614 MHz range

Protection of RR No. 5.340 bands above 86 GHz under resolves 1
Long-term solution for SST

New allocations in the 275-325 GHz range

IMT in some bands between 102 and 275 GHz
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ESSEO Report on WRC-27 esa
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2.1.4  Summary 13
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2.2.1  Regulatory background 14
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2.2.4  Summary 15
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ESSEO Report on WRC-27 esa
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3.1 PAI 2.1 (New allocations in the 275-325 GHz range) 43
3.1.1  Regulatory background 43
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ESSEO Report on WRC-27 Eesa

2.1
2.11
2.1.2
2.1.3
2.1.4

WRC-27 AGENDA ITEMS
AI 1.1 (GSO and NGSO ESIM in the 47.2-51.4 GHz band) . Provides context for the AI, particularly aimed at
Regulatory background scientists or non-regulatory people

Interest for the EO community -
Relevance for the SDGs

Describes use of the bands by EO missions, and
c —> the applications enabled by measurements in
ummary each band

Links with the UN SDGs, supported by peer-
reviewed literature

Summary aimed at non-scientific people
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The Sustainable Development Goals relevant to

Earth Observations

ND
POVERTY

MART

GOOD HEALTH
AND WELL BEING

DEGENT WORK AND
ECONOMIC GROWTH

o

End poverty in all its forms everywhere

End hunger, achieve food security and improved
nutrition and promote sustainable agriculture

Ensure healthy lives and promote well-being for
all at all ages

Ensure availability and sustainable management
of water and sanitation for all

Ensure access to affordable, reliable,

sustainable and modern energy for all

inclusive and sustainable
productive

Promote sustained,
economic  growth,  full and
employment and decent work for all

9 INDUSTRY, INNOVATION
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Build resilient infrastructure, promote inclusive and
sustainable industrialization and foster innovation

Make cities and human settlements inclusive, safe,
resilient and sustainable

Ensure sustainable consumption and production
patterns

Take urgent action to combat climate change and
its impacts

Conserve and sustainably use the oceans, seas
and marine resources for sustainable development

Protect, restore and promote sustainable use of
terrestrial ecosystems, sustainably manage
forests, combat desertification, and halt and
reverse land degradation and halt biodiversity loss



ESSEO Report on WRC-27

2

WRC-27 AGENDA ITEMS

esa
2.1.3 Relevance for the SDGs

Passive EO measurements in thnd support MW temperature sounding
over the whole 50-58 GHz band which Is one of the most important inputs to NWP
models. NWP model forecasts support several UN SDGs:

increasing the agricultural productivity and incomes of small-scale food producers
(SDG Target 2.3) [81];

ensuring sustainable food production systems. [102] discusses the importance of
weather forecasting to crop yield prediction. Thus, MW temperature sounding can
improve crop yield prediction capabilities (SDG Target 2.4) [81];

2.1 IGSO and NGSO ESIM in the 47.2-51.4 GHz band) monitoring the availability of safe and affordable drinking water. There is a definite link
2.1.1  Regqulatory background to NWP modelling and forecasting water availability with hydrologic models. Water
2.1.2  Interest for the EO community quality issues are more serious in areas of low water availability (SDG Target 6.1)

81};
2.1.3  Relevance for the SDGs (513 ‘ o _ ,
assessing and monitoring risks that could affect infrastructure (e.g. risk of floods).
.14 Summary Hydrologic models driven by NWP forecast fields or coupled land-surface/atmospheric
models can be used to predict soil moisture and rainfall as well as streamflow. Extreme
streamflow events lead to floods (SDG Target 9.1) [52] [96] [82];
predicting and assessing the risk of water-related disasters (SDG Target 11.5) [52]
[96] [82];
increasing resilience to climate-related hazards and natural disasters. NWP models
can be used to predict extreme temperature and precipitation conditions leading to
blizzards, floods, drought, coastal flooding, etc. (SDG Target 13.1) [52] [96] [82].
13
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ESSEO Report — Elements for Regulators

2

2.l
2.11
2.1.2
2.1.3

esa

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

WRC-27 AGENDA ITEMS

AI 1.1 (GSO and NGSO ESIM in the 47.2-51.4 GHz band)
Regulatory background

Interest for the EO community

Relevance for the SDGs

2.1.@ary

>

2.1.4 Summary

The 50.2-50.4 GHz band is extensively used for surface characterisation, in particular in
supportoflower troposphericair temperature 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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ESSEO Report — Elements for Regulators esa

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 EESS bands to Als

EO bands for sensors ‘ Active/Passive ‘ Als
Fro m AIS tO E ES S ba n d S 27.5-614 MHz (space weather) Passive 1.17
1.4-1.427 GHz Passive 1.12,1.13
4244 GHe Passive 17,118
11 21 GSO and NGSO ESIM in 47.2-51.4 GHz Passive: 6.425-7.25 GHz Passive 1.7
50.2-50.4 GHz 8.4-8.5 GHz Passive 1.7, 1.19
12 22  Small FSS antennas in 13.75-14 GHz Active: 13.25-13.75 GHz Active le
13.25-13.75 GHz 17.2-17.3 GHz Active 14
13 23 NGSO FSS Earth-to-space in 51.4-52.4 GHz Passive: 50.2-50.4 GHz Passive 11,13
52.6-59.3 GHz 52.6-59.3 GHz Passive 13
14 24 BSS and FSS in 17.3-17.8 GHz Active: 86-92 GHz Passive 118
17.2-17.3 GHz 100-102 GHz Passive 2.6
1.7 25 IMT in 4.4-4.8, 7.125-8.4 and 14.8-15.35 GHz Passive: 109.5-111.8 GHz Passive 26
4.2-4.4 GHz 114.25-116 GHz Passive 118
6.425-7.250 GHz* i
B8.4-85 GHz** 148.5-151.5 GHz Passive 2.6
Communications: 164-167 GHz Passive 1.18, 2.6
7.19-7.25 GHz (uplinks) 174.8-191.8 GHz Passive 26
;';E-Z'SSGﬁHZ[d[dOWFITk]S] 200-209 GHz Passive 118, 2.6
.75-7. z (downlinks .
8.025-8.4 GHz (downlinks) 226-231.5 GHz Passive 18,26
Various bands between 235 and 247.2 GHz  Active and Passive 1.8
250-252 GHz Passive 18, 2.6 15
Various bands between 275 and 325 GHz Active and Passive 18,21

Various bands between 325 and 700 GHz Passive 1.8



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
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A3 [l
Al1.2 [l
Al14
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AI1.19I

ar1.17 [
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A1.18I

EESS bands
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SDG 2.3 I

SDG 11.5 I
SDG 13.1 I

SDG1.5I

«~ SDG 6.5 ™
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Science background document

Introduction 7
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 S S S —
OF WRC-27 INTO OBSERVATIONS OF THE EARTH SYSTEM
2.4 Linkage to WRC-27 —— . . . . . .. . 38
Ocean and sea ice 41
3.1 Environmental monitoring . . . . ... .. ... ... L 42
3.2  Environmental Prediction . . . . . .. ... ... ... o0 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 WRC27 . - o oo 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, | but 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 Lo oo 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 . . . . . . . . .. . e 78
Current evidence for and potential strategies for handling RFI in EO bands 79 17
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From Frequencies to SDGs — An Example esa

1.4 GHz

(passive sensing) )

Surface soil moisture

Root-zone soil moisture

Soll moisture

Integrated
Drought water vapor

Frequency (GHz)
UN SDGs
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From Frequencies to SDGs — An Example esa

1.4 GH
(passive sensing) CPCU GEOS-5 SMAP L1C_TB
Precipitation Surface Brightness
Observations l Meteorology Temperature
Surface soil moisture Observations

\ Catchment
Land Model
EnKF
Root-zone soil moisture Assimilation

|
L4_SM Product: Global, 9-km, 3-hourly, 3-day latency.

Drought Surface and root zone soil moisture, soil temperature, snow, surface
fluxes, surface meteorological forcing, observed and modeled
brightness temperatures, assimilation diagnostics.

UN SDGs Reichle et al., 2017
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From Frequencies to SDGs — An Example esa

a) WEC-based SMSg_, v/s USDM Outlook
for CONUS
1.4 GHz

(passive sensing)

Surface soil moisture Sehgal et al., 2024

Root-zone soil moisture

\

Drought
May 18, 2021
UN SDGs SMS, USDM
| ) B — | [ none [ o2 severe prougnt
o 0.2 0.4 0.6 0.8 1.0 [ ] ooAbnormally bry I o3 extreme Drough
I:l D1 Moderate Drought - D4 Exceptional Drot
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From Frequencies to SDGs — An Example esa

1.4 GHz
(passive sensing)
Zhang et al., 2019
) ] /Urban Drought\ / Urban Drought \ / Urban Drought \ /Resilience Actions\
Surface soil moisture Hit the World Mechanism Challenge to SDGs For Urban Drought
URBAN | v'Raised public
Delhi Shanghai DEMAND \) ,::IE?:NTJ o Wat?:;(fsanitaﬁon awaren:ss
Xii ENVIRONMENT .
. . Baetenl M((:eityc : DEMAND Goal 11 = sR:::r;:e wateT
Root-zone soil moisture Zmn) (e ] \V * Susainabl iisand * P wisan
Beijing Dhaka |__HYDROLOGY K‘x WATER 3 goal 312 T water
esponsible production an t
: & ANTHROPOGENIC | - | SUPPLY i it managemen
Karuch Py ACTIVITIES . ccgiu:;plu;m v' Enhanced urban
Droug ht Cape Town  Istanbul ; an eXtended period J Climate action drought research
' v Strengthened
'\ \Me.bome Istanbul/ \ URBAN DROUGHT / \ L el / \international Y
cooperation
UN SDGs
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ESSEO Report — Linkage between WRC and UN SDGs

WRC-27 Als

At 8
A3
a1.2 [
IREY |

Al 1.7

AI1.19I

ar1.17 |
Al1s [
INERFY
Al1.13

Al1.18

EESS bands

50.2-50.4 GHz [}
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 [Jj

8.4-8.5 GHz I

below 700 MHz [

above 226 GHz .
1.4-1.427 GHz

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

200-209 GHz [}

UN SDGs
SDG 6.1 W
- SDG24 W

L
A SDG 6.6 —

SDG 15.4 —
; SDG 7.3 —
OS> SDG 12.2 —

o SDG 14.3 W
SDG 14.4 W

o -
v %$ w

..O

» —

»
> e
e .
AN i
* e
>

;»,‘,'-, =
0 ”W SDG 13.1
_9

e 8 “,""\
- \ SDG 11.2 mm
SDG 7.1 mm

SDG 8.9 mm
SDG 9.4 W
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Questions?

More on ESSEOQO:

DO ez 0
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Outline Eesa

European Scientists on Spectrum for Earth Observations
AMSR2 6.925 GHz V pol.

o R R

* Why ESSEO T
- Who is ESSEO -
« Work done

WRC-27 Report

Elements for Regulators

Science background

Example link between frequency and SDGs

o
Background Departures

Scanlon et al., 2026
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Outline Eesa

European Scientists on Spectrum for Earth Observations 9 6GHz v AM
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50 280
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3 z0 (secondary
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+ WRC-27 Report
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- Science background ss SR""A"
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+ Example link between frequency and SDGs =
” _ AMSR2
) 10.65 GHz
%45 N (prlmary

2

nN

o allocation)

200
40
180
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Longitude 26
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ESSEO Report on WRC-27

2 WRC-27 AGENDA ITEMS

2.1 AI 11 (GSO and NGSO ESIM in the 47.2-51.4 GHz band)
2.1.1  Regqulatory background

2.1.2 @est for the EO communiD
2.1.3  Relevance for the SDGS

2.14  Summary

Eesa

AMV Infrared WV

Scatterometer
Wind lidar+Other

Aircraft

Microwave WV

Infrared T
3 Zenith Transmittance for a Mean Midlatitude Atmosphere
—Total T
0.9 - _O2 contribution
0.8 - —_— HEO contribution i
07h- — Cloud contribution (0.2 kglmz) |
O GPSRO
206-
g
£05-
S04
0.3 - Conv. (no air)
0.2 -
o1r g H Contributions of different observation types at
° 50 100 150 200 250 300 ECMWEF to the skill of short-range weather forecasts
Frequency (GHz)
English et al., 2024 >,
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ESSEO Report on WRC-27 esa
2 WRC-27 AGENDA ITEMS

2.1 AI 1.1 (GSO and NGSO ESIM in the 47.2-51.4 GHz band) AMV Infrared WV
2.1.1  Regulatory background P Scatterometer

) Wind lidar+Other
Interest for the EO community ~ ®F®) e
I Relevance for the SDGs |

57.290344GHz
214  Summary

Aircraft

Microwave WV

+0.3322 Infrared T

10 +0.3442 4

+0.3702
+0.2170 .

+0.0000

55.5000

54.9400 ] Conv. (no air)
54.4000

GPSRO

100

T weighting function
(K/K/km)

53.7110 i
52,8:,(1)0 1 Contributions of different observation types at

T e] 7 A s T ECMWEF to the skill of short-range weather forecasts

00 .05 .10 .15 20 .25 _
T weighting function (K/K/km) English et al., 2024 2
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From Frequencies to SDGs — An Example esa

CIMR channels

1.4 6.9 10.65 18.7 36.5
; : : : : 7
—SS5S
= ——— ows
= PP - - -TCWV
6 GHz 'é‘ - -TCLW
(passive sensing) =
s
[ N
T
wv
o
Sea Surface g
©
Temperature -
2
0 2 152000 25 300 35 40 MW Ol v5.1 Sea Surface Temperature: 2026-09-19 - Global
Frequency (GHz)
30 80 % 120 150 180 210 240 270 300 330 0 30
30 & % 120 150 180 210 240 270 300 330 0 0
SST: o ‘ ice RIREE
-1 4 9 14 19 24 29 34 0 1000 2000+
(degrees Celsius) (meters amsl)
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From Frequencies to SDGs — An Example

6 GHz
(passive sensing)

Sea Surface
Temperature

Tropical cyclone
Prediction

e
- 10 15 20 25 30 35
degrees C
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From Frequencies to SDGs — An Example esa

6 GHz
(passive sensing)

Sea Surface
Temperature

Tropical cyclone
Prediction

D :

17 SUstAINALL df,
POVERTY AN AND S

UN SDGs it B B4

1 CLIMATE

ACTION

« to strengthen resilience to climate related hazards in vulnerable communities (SDG Target 1.5)
« to predict and assess risks related to disasters (SDG Targets 11.5 and 13.1)
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