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Space Weather Services at STCE/ROB



USET sunspot observations

• 16 cm Grubb 
refracting  

telescope in 
ops since 1940 

(drawings) 

• White-light 
• H-alhpa 
• CaII-K  



Space Weather Services on sidc.be

Supporting Observations

http://sidc.be


Space Weather Services on sidc.be

http://sidc.be


Space Weather Services at STCE/ROB



• SILSO WDC since 1981

• daily SW bulletins and warnings since 2000

• ESA/SWESNET: SSCC, S-ESC 2010

• SWEC since 2017

• SW services to civil Aviation (PECASUS) since 2019

• Agreement with Belgian Ministry of Defense since 2023

• STCE Trainings, Newsletter & News Releases


• Existing Assets for SW Services: 

- USET observations (white light, Ca, H-alpha)

- Humain radio data

- PROBA 2

- PROBA 3

- Solar Orbiter (EUI)

- Vigil

- Solar C

- Belgium K indices: Dourbes, Manhay

- Dourbes ionosonde

- GNSS network

- NM Dourbes


SWOP services at STCE Belgium

RWC Belgium 
(24 years)



Lab work Outline

PART 1 

What is Space Weather (SWX) - summary of the week

• Exercise on basic terminology


PART 2 

Operational Space Weather Tools 

• Exercise on Space Weather Impacts reporting


PART 3 

Space Weather Service to Aviation and Operational Challenges

• Exercise on sending out Advisories (Petra)



PART 1: What is Space Weather?



Space Weather Kitchen



SDO/HMI

ESA’s SPACE WEATHER DEFINITION

SUN 
• CMEs (& SEPs)

• Flares (& SEPs)

• CHs (CIR, HSS)


DRIVERS:

• Geo storms (K, Kp)

• Radiation storms

• Radio Blackouts

• Loss of Lock

• AS/PS

• Deviations in VTEC

• PSD

• PCA

• Auroral Absorption 

• Radiation at FLs 
(cabin crew safety) 

IMPACTS:

• GLEs

• Spacecraft orbit

• Satellite drag

• Electronics (SEU, …)

• Solar Panels

• Astronauts safety

• Power grids

• Long railways

• Telecom cables

• …

AREA:

• Interplanetary 
space

• Magnetosphere

• Exosphere

• Ionosphere

• Atmosphere

• Ground

Others 
• GCRs

• Meteorites, 

• Asteroids 

• Commets 

• Space junk



Space Weather Impact Area



Space Weather Impact Area



Space Weather Sketch



Scales and frequencies of interest



Sun-Earth Event Chains schema: sketch with some 
of the major components



Event chain with CH as a SWX driver 

Geomag. 
storm (K/Kp)

Coronal

hole

Co-rotating 
Interaction Region 

(CIR)

High Speed 
StreamSW shock

e- flux

Post-storm 
depression

Scintillation



Event chains with AR and Filament as drivers

H alpha

H alpha

GLEs



Space Weather Processes & Impacts

3d/5d

Prominence

Flares



What is Space Weather according to BOM?

https://www.sws.bom.gov.au/vid/Space%20Weather%20Impacts%20and%20Extremes.mp4
Or https://www.sws.bom.gov.au/Educational

https://www.sws.bom.gov.au/vid/Space%20Weather%20Impacts%20and%20Extremes.mp4
https://www.sws.bom.gov.au/Educational


Space Weather Drivers and Impact Timescales

8.3 MIN CME: 1-4 DAYS

HSS: 3-5 DAYS

MINS -

HOURS



SDO/HMI

ESA’s SPACE WEATHER DEFINITION OBSERVABLES:

• Magnetospheric 
waves   

• Ground induced 
currents

• Riometer absorption

• End user anomalies 
reports: 


Spacecraft orbit

Satellite drag

Electronics (SEE)

Solar Panels

Loss of lock

Lost of radio

Lost navigation

Power outage


• Neutron monitor 
counts (on ground, in 
air)

•…

• Dst index

• A, Ap index

• K, Kp index

• AE index

• F10.7 flux

• SW properties at L1

• Radio observations 
(light curves)

• GNSS measurements


 S4, sigma, VTEC, 
TEC grad, ROTI, … 


• HF comm impacts

FoF2, MUF 


• SEP fluxes

• Electron flux

• Aurora

• Polar cap and auroral 
cap absorption



How to measure Space Weather (SWX) Impacts?



How to measure Space Weather Impacts? (GIC proxy)



How to measure SWX Impacts? (GIC)

Power Grid Pipelines



How to measure Space Weather Impacts?



How to measure SWX Impacts? (Radio, GNSS)

X8.7



How to measure SWX Impacts? (RAD, HF COM, SEU)



How to quantify Space Weather Impacts? (HF COM)



How to quantify Space Weather Impacts? (GNSS)



How to quantify Space Weather Impacts? (GNSS)



How to quantify Space Weather Impacts? (GNSS)

J. Berdermann et. al. 2018 



How to quantify Space Weather Impacts? (HF COM)



How to quantify Space Weather Impacts? (RAD)

https://swe.ssa.esa.int/nso_air_dashboard



How to quantify Space Weather Impacts? (RAD)



How to measure Space Weather Impacts?



How to measure Space Weather Impacts?



How to measure Space Weather Impacts?



How to measure Space Weather Impacts?



More ionospheric data sources



How to link SWX drivers and impacts?

NOAA scales



How to link SWX drivers and impacts?

Bastille Day 2000
Halloween 2003

2017 Event

A few in 2023

Carrington 1959

Mother’s day 2024



Possible Impacts of Geomagnetic storms on Earth



Halloween 2003

Halloween 2003

April 23rd 2023 
 April, May 2024

How to link SWX drivers and impacts?



Impacts of Solar Energetic Particles

● Satellite malfunction (SEE)

● Satellite loss 

● HF com PCA 

● Increased radiation exposure 

● Astronaut radiation exposure



EXERCISE 1: Understanding of SWX Terminology



EXERCISE 1

• Definiton

• Which SWX driver it relates to?

• Relation to SWX impacts

• Where it occurs/impacts?

• How do we measure/quantify?

• Units

• Other

MUF, FoF2, AS/PS, TEC (STEC, VTEC), ROTI, Kp, SWF, AA, PCA, 
GLE, GIC, SEP, SRB



