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Space Weather Hazards on Infrastructure
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Space is a hazardous place
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Spacecraft Impacts during Halloween Storms in 2003 @esa

Mars Odyssey mission:
Safe mode during radiation
storm. Memory error and
loss of MARIE instrument

GOES-9, 10 and 12:
High bit error rates (9,10),

magnetic torguers disabled (12)

Mars Express star
trackers blinded by
particle radiation

ACE: EPAM instrument
permanently damaged

- .‘A

DMSP F16: SSIES
sensor lost data twice,
microware sounder
damaged

Multiple anomalies in GEO
TV and Pay Radio satellites:
Momentum wheels, CPU,
service outages, ...
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Space Weather Impacts on Ground

Image credit: Tekniska Museet
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Elon Musk @ B @c ) 10h
Major geomagnetic solar storm happening
right now. Biggest in a long time. Starlink
satellites are under a lot of pressure, but
holding up so far.
Estimated Planetary K index (3 hour =
data)

Begin: Thu, 09 M: 4

2 ESA Earth Observation & (3

« 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 Geomagnetic Storm Affecting GPS

Signals - May 2024
» Payloads offline as protective measure by some satellite
O pe rato rS Saturday, May 11 - 9:00am Update:

Yesterday, we sent out a text message advising customers to turn off their RTK

We can all relate to how much more difficult it it to keep our bike &
straight on a windy day, while being pushed around.
It’s the same for satellites during a solar storm!

During the most recent intense solar storm,

AOCS (Attitude Orbit Control Subsystem) had to work harder than usual
Spac‘e”W‘éa(l;e[‘r to keep the satellite at the right altitude and pointing in the right

Updated Time: 2024-05-11TORS [ {e13 N

In this graph we can see that the remote interface unit of the AOCS
subsystem had to use more power on 11 May during the solar storm to
counteract the external perturbations.

JOHN DEERE

and use a grace period of SF2 or SF3. We believe that the SF2 and 5F3 accuracy is
also extremely compromised as well due to thi orm. Due to the way the RTK
network wo 1 S ere sending out correctio hat have been

affected by the geomagnetic storm and were causing drastic shifts in the field and

even some heading changes that were drastic. Because SF2 and SF3 do not receive

EffeCtS Of the Storm Still ViSibIe in the Earth,s radiation belts all of these corrections, those signals weren't affected as much, but we c

that th pass accura ely degraded whil Il allowing
H S t b 2 024 ' customers to run. We strongly advise you to keep an eye on your guess rows.
I n e p e m e r L] We experienced a pass where the guess row was 10" wide and the receiver was
5| ing a PDOP value of 1.1 which would tyf ly mean good accurac an

on cantrol, but we ect it to create any

large overlaps ar skips - however, the situation at hand is definitely not ideal.
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Impact Pathways to Power Systems

Equipment
loss/damage

Transformer

e

People miss work Lost output

Geomagnetic storm

Increased treatment Treatment costs

Wider social impact Willingness to
of morbidity pay

Wider social impact Statistical value
of mortality of life

Cascading economic Lost output
effect (incl. secondary)

Use of fuel powered
energy generators
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Potential Space Weather Impacts in Defense Domain

esa

e

Unavailability of

GNSS

U
>

GNSS timing errors

N\

Communication

failures

N\

Space segment

failures

N\

U

Radar disturbances

* Increased collateral damage
* Precision weapons systems not available
* Failing navigation, tracking, delayed transport

* Failing time synchronization in comms
« Signal delays
* Reduced coordination and Situational Awareness

* HF radio
» Satcom

 Satellite anomalies or failures
* Increased operation workload
 Data transmission delays

» Radar based weapons inaccuracy or unavailability
 Long distance warning systems failing
» Reduced Situational Awareness
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Economic impact of a single extreme solar event on the EU economy:

Tens to hundreds of billions of EUROS

Impacted systems include:
« Power grids

« Satellite navigation

» Telecommunication

* Transport

* Aviation

» Resource exploitation

» Defence

Obtained by an independent socio- .~
economic impact analysis under.+

PROGRAMME OF THE es IMPLEMENTED BY THE
EUROPEAN UNION EUROPEAN SPACE AGENCY

, " for the European Commission i/

./ the technical‘responsibility of ESA Vi
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