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Space Weather Impacts on End User Communities
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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

Beautiful Aurora
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Space is a hazardous place

Disturbed plasma 

environment

Disturbed 

radiation belts

Disturbed 

geomagnetic 

field
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Spacecraft Impacts during Halloween Storms in 2003

Mars Odyssey mission:  

Safe mode during radiation 

storm. Memory error and 

loss of MARIE instrument

ADEOS-2 

Spacecraft lost

ACE: EPAM instrument

permanently damaged

GOES-9, 10 and 12: 

High bit error rates (9,10),

magnetic torguers disabled (12)

Smart-1 spacecraft

solar panels damaged

Multiple anomalies in GEO

TV and Pay Radio satellites:

Momentum wheels, CPU, 

service outages, …

Mars Express star 

trackers blinded by 

particle radiation

DMSP F16: SSIES

sensor lost data twice,

microware sounder 

damaged
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Image credit: NASA/PSE&G Image credit: Tekniska Museet, Sweden

Space Weather Impacts on Ground
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May 2024 Solar Event Impacts

• Widespread disturbances across multiple sectors

• Significant GIC: some measurements were the highest on 

record

• High frequency radio was significantly disrupted

• GNSS-dependent solutions degraded around the world

• The storm severely compromised satellite-positioning services 

in parts of northern Europe. 

• Substantial impacts on LEO satellite orbits

• Payloads offline as protective measure by some satellite 

operators

Effects of the storm still visible in the Earth’s radiation belts 

in September 2024!
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Impact Pathways to Power Systems
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Potential Space Weather Impacts in Defense Domain

• Increased collateral damage

• Precision weapons systems not available

• Failing navigation, tracking, delayed transport

Unavailability of 
GNSS

• Failing time synchronization in comms

• Signal delays

• Reduced coordination and Situational Awareness
GNSS timing errors

• HF radio

• Satcom

Communication 
failures

• Satellite anomalies or failures

• Increased operation workload

• Data transmission delays

Space segment 
failures

• Radar based weapons inaccuracy or unavailability

• Long distance warning systems failing 

• Reduced Situational Awareness
Radar disturbances



9ESA UNCLASSIFIED – Releasable to the Public

Tens to hundreds of billions of EUROS
Economic impact of a single extreme solar event on the EU economy:

IMPLEMENTED BY THE

EUROPEAN SPACE AGENCY

Obtained by an independent socio-
economic impact analysis under 
the technical responsibility of ESA 
for the European Commission

Impacted systems include:

• Power grids

• Satellite navigation

• Telecommunication

• Transport

• Aviation

• Resource exploitation

• Defence
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Thank You
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