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Space Weather hazards on infrastructure

Astronaut radiation

Radiation damage,
charging/discharging

Solar cell degradation

Satellite navigation
errors

Errors in 
directional drilling

Telecommmunication
disturbances

Geomagnetically
induced currents 
in power grid

Increased radiation
doses in aviation

Increased atmospheric
drag

Aurora
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Space 
Weather 

protection 
for Europe

Tailored space 
weather services

Early warnings 
with actionable 

information 

Space weather 
monitoring

Resilient society
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Data acquisition

• Solar activity and 

heliospace

• Near Earth space

• Global coverage of ground 

based observations

• User 

engagement

• Impact studies

• CBAs

• Focussed tools 

and apps

• Awareness

ESA Space Weather System - Objectives
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How to Develop Space Weather System

Customer 
requirements:

What is 
needed?

Available data 
and products: 
What can we 

do?

Gap analysis: 
What is 

missing?
Developments

Service 
construction/
improvement
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Identification of User Needs

• Space Weather Customer Requirements Document (CRD)

➢ Defines the user needs targeted by ESA Space Weather System

➢ Initial version in 2010 based on Consultation with ESA Space 

Situational Awareness (SSA) User Representative Group

➢ Continuous collection of user needs and feedback during 

development, testing and validation activities in SSA and Space 

Safety Programme (S2P)

• Three dedicated studies for regional user needs: 

• Tailoring SWE services for the Arctic region” (2015 – 2016)

• Two parallel studies: Space Weather User Needs for the 

Mediterranean Region (2019 – 2021)

• Consultation of S2P Advisory Group, ESA Space Weather Working 

Team, dedicated user sessions in European Space Weather Week,…

=> Latest update of CRD in spring 2023
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Communication and Navigation Users in ESA Space Weather CRD

User Types Characteristics

USR-01 Users of GNSS Single frequency services with average accuracy, no integrity (e.g. GNSS mass market 

user)

USR-02 Users of GNSS Single frequency services with average accuracy, using integrity (e.g. EGNOS user)

USR-03 Users of multi-frequency GNSS systems with average multifrequency accuracy, no integrity

(commercial services, PRS)

USR-04 Users of multi-frequency GNSS systems with average accuracy, integrity (aeronautical multifrequency)

USR-05 Users of multi-frequency GNSS systems with very high accuracy (e.g. GNSS geodetic users, RTK)

USR-06 Users of satellite data communications with high availability/continuity (e.g. Search-and-Rescue, Air 

Traffic Control/Management via Satellite, high availability/continuity data networks such as Galileo 

Ground Segment Data Network). Other space-based services/products users affected by the 

ionosphere (UHF - C-band radars, GNSS-R altimetry, UHF/low microwave radioastronomy and deep space 

communications)
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Space Weather Services for Communication and Navigation

Service Description

Near real-time TEC maps Provide near real-time TEC maps

Forecast TEC maps Provide forecasted TEC maps

Quality assessment of

ionospheric correction

Provide information on whether standard 

corrections to GNSS signal are applicable.

Near real-time ionospheric

scintillation maps

Provide near real-time estimate of scintillation 

conditions.

Monitoring and forecast of

ionospheric disturbances

Provide monitoring and estimate of the occurrence 

risk of ionospheric disturbances
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• 29 pre-operational services based on >250 products

• Service user support and staffed helpdesk

• European Service Network of >50 participating entities

• > 4000 registered users

• > 3M hits on service portal monthly

• Coordinated Communication Protocol for major events https://swe.ssa.esa.int

ESA Space Weather Service Portal and Network
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ESA Space Weather Services for GNSS Users
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Quality Assessment of Ionospheric Correction
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Monitoring and Forecasting Ionospheric Disturbances
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ESA Space Weather Services: Alerts
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Ionospheric Services for User Domains: Aviation
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Space Weather Nanosat Mission

Mission objectives:

• Data on space environment and effects in LEO

• Demonstrate “new space” and commercialisation approach with 

mission/data-as-a-service

=> Industry responsible for implementation, mission operation & Level 1 

data processing

=> ESA an anchor customer 

Baseline measurements:

• High energy Proton and Electron flux 

• Thermal electrons’ and ions’ flux, density and temperature

• 3D electron density in the ionosphere

• Scintillation parameters (S4, Sigma_phi)

Launch: 2026
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Vigil mission to L5

• Continuous observations of Sun and heliosphere 

between Earth and the Sun

• Data availability in near real-time => operational 

applications

• Complementing observations from Sun-Earth line 

• Launch: 2030

Heliospheric 

Imaging: HI

Magnetography: PMI

Solar wind: PLA

IMF: MAG

Coronagraphy: 

CCOR

EUV imaging: 

NIO

https://www.esa.int/Space_Safety/Vigil

https://www.esa.int/Space_Safety/Vigil
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ESA Space Weather Services: Helpdesk and Feedback
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THANK YOU

www.esa.int

swe.ssa.esa.int

@esaspaceweather

http://www.esa.int/
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