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SWE IMPACT ESTIMATE IN 2016 CBA

‘Do nothing ‘ ‘
Cost/Benefit scenario’ Do ESA scenario

User domain benefits

Satellite operations -€293 M - €267 M
Launch operations (lower bound**) -€0.3 M -€0.1 M
Resource exploitation -€327 M -€135M
Power grids operations -€5,771 M -€4546 M
Aviation -€3,312M - €3,066 M
Logistic/Road transport (lower bound**) -€3,432 M -€2,888 M

Investment benefits GDP impact*** None €904 M
Total benefits -€13,135M -€9,998 M
ESA SWE Programme Costs (CAPEX + OPEX) None -€502 M

TOTAL -€13,135M -€10,500 M

Value added of ESA
services

€26 M
€0.2M
€192 M

€1,225 M
€246 M
€544 M

€904M
-€3,137TM
-€502 M

€2,635M

Benefit to Cost ratio for SWE is 6.25
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COST OF EXTREME EVENT IN 2016 CBA

Domain 2016 (year 1) 2024 (year 9) 2032 (year 17)

Spacecraft design and

operations -€912.9 M -€1,1232 M -€1,389.4 M

Launch operations -€0.008 M -€0.037 M -€0.051 M
Aviation - €6,6356 M -€11,139.8 M -€18,701.5M
Resource exploitation -€197.5M -€2349M -€2795M
Power system operators -€5,6305M -€6,364 M -€7,195.2 M

Road & Transportation -€1,5954 M -€1,783 M -€1,992.8 M

TOTAL -€14,971.9 M -€20,644.9 M -€29,558.4 M
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ESA SPACE WEATHER SYSTEM TODAY

Space Weather Services Network

@ Space Radiation

Spacecraft Design

Spacecraft Operation

Launch Operation

T Human Spaceflight

Transionospheric Radio Link

Space Surveillance and
Tracking

Power Systems Operation

Aviation

l Resource Exploitation System
Operation

Pipeline Operation

Auroral Tourism

General Data Service

. 29 pre-operational services based on >200 products

. European Service Network of >50 Expert Groups

. > 1600 registered users
. > 1.9M hits on service portal monthly
. D3S Hosted payload missions

. Groundbased sensor system enhancements

http://swe.ssa.esa.int

. Coordinated Communication Protocol
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SERVICES FOR SPACECRAFT OPERATORS

¥ Spacecraft Operation - Space | X

olar activity
forecast

SEP alerting

Satellite
charging

lonospheric
disturbances
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CURRENT SPACE WEATHER
SPACE WEATHER AT ESA
SERVICE DOMAINS
Spacecraft Design

Spacecraft Operation

orbit Environment and Ef

Human Spacefiight
Launch Operation
Transionospheric Radio Link

Space Surveillance and
Tracking

Power Systems Operation
Aviation

Resource Exploitation System
Operation

Pipeline Operation
Auroral Tourism

General Data Service
EXPERT SERVICE CENTRES
OTHER RESOURCES

CONTACT

O & hip a.esa.int
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Spacecraft Operation Services

The purpose of the Spacecraft Operation dashboard is to provide an
overview of the latest space weather conditions that can cause
anomalies to satellite operations (Satellite Communication, Single Event
Effects and Satellite charging). There is also a section on Solar Weather
conditions as an event on the Sun can have an effect on a satellite
orbiting Earth in a very short time.

Further products, data and archives can be found in the specific services
of this domain, which are listed below.

In-Orbit Environment and Effects
In-Orbit Environment and Effects
_““" SRR
Space Weather in the Solar
System

Read more
Satellite Communication
ROTI maps for Europe

Rate of TEC index - 1 min update 2021-05-04T07:25:00

ROTI [TECUMin]

Provided by: German Aerospace

o

ROTI maps (Northern Europe)

ROTI [TECU/min]
2021-05-04 18:00 UTC

‘Welcome to the SSA Space Weather Service Network

Please note that all SSA-SWE Services are under review/construction

Single Event Effects
Latest COMESEP Alerts

# Alerts Highest Risk
Geomagnetic storm
SEP protons E > 10 MeV

SEP protons E > 60 MeV

Provided by: BIRA-IASB Space Weather Services

DY |

Latest PROBA-V/EPT proton flux geographical map

9.50-13.0Mev B

Provided by: Ces pace Radiations

B s |

Latest PROBA-V/EPT SAA proton energy spectrum

PROBAVEPT evrag rton spacs o SAA conter s 10210438 - 2210502 UTE)

EEETT]

Provided by: Center for Space Radiations

o =T

Latest PROBA-\

In-orbit
radiation
environment

Satellite Charging
MO Solar Wind Forecast (Enlil)

2021-05-05 23:

7T YE
Space
weather in

solar system

[i] Full product Provided by: UK Met Office

DTU AWARE Near Earth Warnings Plot

Do Elo Solar wind disturbances

possisie asecta
gk speod sresm

Post-even
analysis

DTU Space T 21 g4-May-21 sa:1

P
3-hourly Kp-index

BGS 3-hourly Kp-index [G.137b]
Created: 2021-05-04
© UKRI

Mission risk
analysis
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https://swe.ssa.esa.int/

= PaCE Weather
B Service Network

( )\

Early warnings
with actionable
information
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Space
weather
monitoring
system

Tailored space
weather
services

Space
Weather
protection

Resilient

‘ society ‘ g

User
engagement

y for Europe \ S  Impact studies
P + CBAs
» Focussed tools
and apps
» Awareness
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~ Missions to
solar wind

L5 Forecasting
o N Event

detection

I = 4+ '+ 3K

ANCED SPACE WEATHER MONITORING

NGRM on
EDRS-C

\

SWE \
SmallSat

CubeSats

& 5

¥
ﬁ

Impact & State
Monitoring
Ground based
measurements
ICARE-NG
o 3 GEO- +
5 oo D3S:
 Hosted Payloads’
« SmallSat mission
N SOSMAG
Ui - ON GK-
2A

)

9

2 THE EUROPEAN SPACE AGENCY



TED SPACE WEATHER MONITORING
(D3S) @ @esa

Monitoring of SWE |mpact near Earth

. Magnetic field, neutral/charged
particle, plasma and micro-particle

environment measurements, auroral e R

f . on GEO-Sat
imaging, ...: ‘@— /\
‘ o ,

> Hosted Payloads

NGRM on

. el o % i ,SOSMAG on
> Dedicated Small/CubeSats U GK2A

SWE

> LEO/_M EO/HEOQ/GEO BinaliSat ﬁ @ERSA on Lunar Gateway

> Ground based observations
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HOSTED PAYLOAD ACHIEVEMENTS

SOSMAG

ICARE-NG

-
. ‘@ On HBF1
@ ®

PN
Ay

&

! ,SOSMAG on
bt GK-2A

NGRM on %
EDRS-C
%

&

ERSA on Lunar Gateway
MiniRMU on Lunar Pathfinder
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HOSTED PAYLOADS — NEXT STEPS

d payload radiation monitor in LEO

Developmeht of miniaturised radiation/magnetic field
instrument package

> Base on RadCube 10D to be launched in August

S2PP2 | g R
~+ Magnetometer in GEO at European Longitudes 9’6/ -

* In-situ package for MEO s/c ' % A

« Radiation monito'rs on s/c in undersampled regions i ’

 Environment monitoring package in large constellations\\\ “

Continuous radiation monitoring in Lunar orbit
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D3S SMALLSAT MISSION STUDY @ Qesa

SWE SmallSat Phase A/B:

» Continuous auroral oval monitoring and multi-point in-situ measurements of Earth’s
magnetosphere, ionosphere and thermosphere

« Payload candidates:
 WFAI (optical & FUV)

 Magnetometer

« Radiation Monitor

« Multi-Needle Langmuir Probe
« Plasma Analyser

« Oxygen Sensor

 GNSS receiver

« Microparticle Detector
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D3S SMALLSAT MISSION STUDY

SmallSat Phase A/B:
Constellation of 3-6 small satellites in elliptical LEO SSO (350/300 km — 1500/2500/4000 km, TBC)

 eesa

—s  —

EarthmMJ2000Eq
Epoch: 23 Mar 2023 16:21:19.909
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D3S NANOSATELLITE MISSIONS

» First Phase 0/A study in progress

* QObjective:

gk ‘y

> Initial mission concept study to assess the feasability (latency, lifetime, -2
reliability) to use nanosatellites for operational space weather monitoring in

near-Earth space.
Future opportunities: B \

» Commercial nanosatellite systems as a service
=> Marketing space weather data and products
» Nanosatellite/SmallSat based tailored services
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LAGRANGE MISSION SCENARIO

46 m Operation 3.5 years Passivation/Disposal
: Breaking manoeuvre L5 7
e
© 60 o
Q
n 1
o TM/TC
3 300°
£ 266m Operational
Ddta
b X-bgand
- 1
% Near Earth Commissioning
v 8 m
% L2
(7]
c
0 1m L1
=
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End user needs:
» Early warnings and event based alarms
» Nowcasts and forecasts!!

New space weather capabilities T

Concept

» Driven by evolving user needs

» End-to-end modelling, accuracy,
timeliness

» Customer tailored service
» Sustainable monitoring system

Provision of operational 24/7 services

New service concepts?
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THANK YOU

swe.ssa.esa.int
www.esa.int
@esaspaceweather
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