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Space Environment
Lecture 6

Hazards of Space Environment Weather



Ανάγκη	κατανόησης
επιτήρησης	
πρόγνωσης

του	Διαστημικού	Περιβάλλοντος



Space Particle Radiation

Where does it originate?
Where does it occur?





Why do we care?
Because space weather includes 

unavoidable hazards leading to significant potential risks

Most users anticipate moderate to very strong consequences of intense 
geomagnetic disturbances

Schrijver and Rabanal, 2013, Space Weather Journal doi:10.1002/swe.20092



The Unavoidable Hazards





Hazards and risks

Risk = Hazard x Vulnerability



Hazards and risks

Risk = Hazard x Vulnerability
Minimize risk through:

• Reduction of vulnerability (only conditionally feasible)
• Timely and accurate forecast of hazard, 

enabling protective measures



Achieving Immunity to Space 
Weather Effects

• Sort out anomalies (probably) due to weather
• Correlate to space environment “signatures”

• Determine anomaly mechanism(s)
• Incorporate “signature” into design criteria

• Eliminate susceptibility by design
• Develop design standards - new industry practices
• Audit new designs for weather immunity

• Verify by test and inspection 



Correlation to > 2 MeV electron flux

J. Evans, Telesat Canada
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Ως Διαστημικό Καιρό ορίζουμε τις μεταβολές στο 
πλάσμα, το μαγνητικό πεδίο και την ηλεκτρομαγνητική 
ακτινοβολία στο διάστημα, που μπορούν να επηρεάσουν 
την αξιοπιστία, λειτουργία και βιωσιμότητα 
διαστημικών και επίγειων τεχνολογικών 
συστημάτων, αλλά και την ανθρώπινη υγεία.
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COSPAR/ILWS Space Weather Science Roadmap team v. 2014/10/24

Sun-Earth connections: a complex system of 
coupled processes and phenomena
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SDO flares and CMEs
https://youtu.be/GrnGi-q6iWc?si=6C5AzN4vqDYS-Dj9

https://youtu.be/GrnGi-q6iWc?si=6C5AzN4vqDYS-Dj9


Space weather includes all conditions and 
events on the Sun, in the solar wind, in near-
Earth space and in our upper atmosphere that 
can affect space-borne and ground-based 
technological systems and, through these, 
human life and endeavor



Space weather is the physical and 
phenomenological state of  natural space 
environments. The associated discipline aims, 
through observation, monitoring, analysis 
and modelling, at understanding and 
predicting the state of  the Sun, the 
interplanetary and planetary environments,
and the solar and non-solar driven 
perturbations that affect them, and also at 
forecasting and nowcasting the potential 
impacts on biological and technological 
systems.
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ESWW4, 5-9th November 2007

Space Weather

• Some Space Weather Effects.. 
• Satellites affected by radiation, 

plasma, atmosphere, particulates;
• Astronauts - ISS, future 

exploration missions;
• Radiation hazards to air crew and 

avionics;
• Ground power outages from 

currents induced in lines;
• Disruption to communications 

relying on the ionosphere;
• Disruption of navigation satellite 

signals (GPS - Galileo);
• Prospecting;
• Climate;

Definition: "conditions on the sun and in the solar wind, magnetosphere, 
ionosphere, and thermosphere that can influence the performance and 
reliability of space-borne and ground-based technological systems and 
can endanger human life or health."



Types of space weather events affecting nav and com





Συχνότητα ταλάντωσης πλάσματος
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𝑓! = 9 ∗ 𝑛	𝐻𝑧 





Secure and safe space environment

Space capacities are strategically important to civil, 
commercial, security and defence-related policy 
objectives. Europe needs to ensure its freedom of 
action and autonomy. It needs to have access to 
space and be able to use it safely.
Growing threats are emerging in space: from 
space debris to cyber threats, the impact of space 
weather and Near-Earth Objects (NEOs). Europe 
must draw on its assets and use space capacities 
to meet the security and safety needs of the 
Member States and the EU.



Commonly occurring space weather events have 
the potential to impact the performance of critical 
space and ground infrastructure, disrupting 
operations and communications in multiple 
sectors of society. 

Extreme events could have devastating societal 
and economic consequences with potential costs 
for disruptions and damages estimated in tens or 
even hundreds of billions of Euros.



29

Red: Location of GPS error occurrence

6 December 2006
GPS positioning error occurred due to an 

interference by large solar radio burst

Interruption of air traffic at airport due to 
disturbance of traffic control radar system by 
solar radio bursts (2015/11/4 @ Stockholm)

(Klein+ 2015)

(Cerruti+ 2008)

Cerruti, A. P. +, Space Weather, 6, S10D07, 2008
Klein, K.-L. +, European Space Weather Week 12, 
Poster Presentation, 2015



Atmospheric Penetration







MSc in Space Science 
Technologies and Applications

39





Space weather events

• 20.1. 1994 Damaged Canadian Anik-1&2 communication
• 26.3. 1996 Damaged Canadian Anik-1&2 communication
• 11.1. 1997 Lost Telstar 401 communication
• 2-4.5. 1998 Lost Equator-S scientific

Galaxy-4 communication
• 6.-7.4. 2000 Degraded SOHO scientific

(solar panels aged in one day as much as 
usually during one year)

• 10.11.2000 Degraded Cluster scientific
(solar panels lose 2% of power)

• Incidents on commercial satellites poorly reported



Καταστροφή 
πηνίου μετα-
σχηματιστή 
από ισχυρή 
διαστημική 
καταγίδα

Συγκριτικά ποσοστά βλαβών μετασχηματιστών στις ΗΠΑ

Βλάβη μετασχηματιστή στο 
πυρηνικό εργοστάσιο του Salem,
κοντά στη Βοστώνη, το Μάρτιο 
του 1989







Επίδραση Διαστημικού Καιρού

Space weather effects on the near-Earth space 
environment (geospace) are due to dynamic 
changes in the energy transfer processes from 
the Sun's photons, particles, and fields. 
Domains of geospace that are affected by space 
weather: the magnetosphere, ionosphere, 
thermosphere, and even troposphere
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Ατμοσφαιρική αδιαφάνεια



Ταξινόµηση 
διαστηµικής κακοκαιρίας
κατά NOAA



Ραδιοκαταιγίδες [flares] 
 (Radio storms)

Ηλιακές καταιγίδες [flares/CMEs]
 (Solar radiation storms)

Γεωµαγνητικές καταιγίδες [CMEs]
 (Geomagnetic storms)



Ραδιοκαταιγίδες:
Αφορούν τηλεπικοινωνίες 
και δορυφορική πλοήγηση
Ελάσσων – Μέτρια – Ισχυρή –
Σοβαρή - Ακραία
Ακτίνες Χ από GOES: 
M1 – M5 – X1 – X10 - X20



GOES



Soft X-Ray Light Curves from GOES
(Geostationary Operational Environmental Satellites)

M7 Flare



Soft X-Ray Light Curves from GOES
(Geostationary Operational Environmental Satellites)

X17 Flare



Ηλιακές καταιγίδες:
Αφορούν λειτουργία δορυφόρων 
και βιολογικές επιπτώσεις
Ελάσσων – Μέτρια – Ισχυρή –
Σοβαρή – Ακραία
Ροή ενεργητικών ιόντων >10 MeV
 10 – 102 – 103 – 104 - 105





Γεωµαγνητικές καταιγίδες:
Αφορούν λειτουργία διαφόρων 
τεχνολογικών συστηµάτων
Ελάσσων – Μέτρια – Ισχυρή –
Σοβαρή – Ακραία
Δείκτης Kp: 5, 6, 7, 8, 9





http://www.swpc.noaa.gov/noaa-scales-explanation

http://www.swpc.noaa.gov/noaa-scales-explanation

