Space Weather and its impact on the
Infrastructure / aviation

Space weather workshop — Kdln, March 20th, 2013
Emilien ROBERT
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— Introduction to Space Weather
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— Sunspot and the Solar Cycle
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Solar eruptions are most likely to occurs during high solar activity or during the
solar activity decrease
Severity of solar eruptions are not linked to the magnitude of the solar cycle
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Next period of high solar activity
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— Magnitude/Probability of Solar Event
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Unnoticeable Operational Strong Impact on Earth

Nota: Solar cycle~11 years



— Magnitude/Probability of Solar Event

Probability
of Event !
Example
100 events/cycle+
Usual « bad » 2003

space weather

October, 28-30th
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Unnoticeable Operational Strong Impact on Earth

Nota: Solar cycle~11 years
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Probability

of Event 1
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0.01 events/cycle

Magnitude/Probability of Solar Event

Usual « bad »
space weather

Severe to

Example: Sept, 1st, 1859 «Carrington»
event:

» Auroras have been seen down to Cuba,
the Bahamas...

» Telegraph systems all over Europe and
North America failed, in some cases even
shocking telegraph operators.

I
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Unnoticeable

Nota: Solar cycle~11 years

Operational
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Strong Impact on Earth
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Probability
of Event |

100 events/cycle

10 events/cycle
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Magnitude/Probability of Solar Event

Main impact:

» Satellite failure

Usual « bad »
space weather

» Induced electrical currents (power
grid and telecom failure)

» HF communication disturbances

Severe to
Extreme
event

»GNSS services degradation

» Radiation doses

| | ] >

Unnoticeable Operational Strong Impact on Earth

Nota: Solar cycle~11 years
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— Space Weather impact on satellites

» Solar Energetic Particles and geomagnetic
storm may cause failure on satellite

» Example:
= 4 US Navy navigational satellites lost on
March 1989.
= $450 million Midori-2 research satellite lost Midori-2 research satellite
on October 2003 “Halloween storm”

> _Possible impact:
= Severe to extreme event: a couple of space vehicles may be lost
= Super-extreme event: up to 50% of the space vehicles may be lost

»_Mitigations:
= Back up to satellite navigation and communication (HF/VHF, ground based
navigation, radar vectoring, inertial navigation...)
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- Space Weather impact on power supply

» Geomagnetic storm may create failure in power i ,,
and ground telecommunication grid ' ' - =

» Example: On March 13th, 1989, at 2:45 AM, the
entire Quebec power grid collapsed and 6 million
people were affected for 9 hours

»_Possible impact:
= Severe to extreme event: power failure
overt part of a country for tens of hours

= Super-extreme event: power failure
over part of a continent

»_Mitigations:
= Alternate power generation

Areas of Probable
Power System Collapse
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- Space Weather impact on communication

» Geomagnetic storm may create failure in the ground Sy
communication network and in air HF communication )
» Example: On September 7th, 2005, solar activity severely a =
impacted all HF communications over US. a

:

o

»_Possible impact:
= HF and, potentially, satellite communication may be
degraded

»_Mitigations:
= VHF, SATCOM voice communication
= Operational mitigations based on space weather nowcast / forecast: flights
can be re-routed
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. Radiation dose impact on health and system

SOLAR RADIATION ALERT REGIONS

(Alert regions in orange) (FAA courtesy)
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» Radiation storm may cause unusually high levels of
lonizing radiation

» Radiation storm may also cause failure into
electronic devices

> Example: PR G S -
= on October, 28th, 2003, FAA Civil Aerospace .
Medical Institute issued a Solar Radiation Alert s .

Geographic Longitude (degrees)

»_Possible impact :
= Higher exposure dose than usual
= Potential onboard system failure

> Mitigations :
= Decrease the aircraft altitude and
latitude
= Polar routes may be avoided
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Space Weather impact on GNSS

-
» Geomagnetic storm may cause: 600 Km
= error in the GNSS position (ionosphere delay) ] -l
= loss of lock of the satellite (scintillation) Lz o |
P High Total
Electron Count

/ (TEC)

»_Possible impact:
= Accuracy decrease o
= Disruption of services L
But it depends on the augmentation system! Added
Transmission
Delay
»_Mitigations : ;’
!
!
I

= Use of dual frequency constellation:
]
f

next GPS (US), Galileo (EU), Glonass
f

(Russia), Compas (Chin_a) ! lonosphere
= Use of multi-constellation to have more {

satellites {
I

i |

|

I

|
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. GNSS roadmap and fleet equipment

EUROCONTROL

Solar activity

Cycle 24

Cycle 25

Single frequency
Single constellation

Multi constel
Dual frequency

Fleet equipage

GPS (US) dual frequency
Galileo (EU) dual frequency
Glonass (Russia) dual frequency

GPS single frequency Compas (China) dual frequency

Constellation
available

v

I |
2010 2015 2020 2025 2030

— Dual constellation (or more), dual frequency will be operational from 2020 but
the A/C fleet will not be significantly equipped for the 25th solar cycle (2022-

2027)



. Space Weather Impact on GNSS operations

Airborne Based Augmentation System

Coverage: Worldwide

GNSS Operations:
* En route and terminal navigation
GPS « Non precision approach (LNAV / VNAV)

* GNSS based surveillance applications (ADSB)

Galileo*
Compas*

Glonass*

Possible impact:

» Accuracy decrease (100s meters)

 Loss of services over a contained (extreme) or
worldwide (super-extreme) area (TBC)

* When available: 2020+

Mitigations:

» Back up to satellite navigation & surveillance

» Long term future: multi-constellation & dual-frequency
receivers
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. Space Weather Impact on GNSS operations
Satelite Based Augmentation System
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* Non GNSS based landing system (ILS, MLS...)
e Short/Mid term future: system improvement

» Long term future: dual frequency constellation (TBC)
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. Space Weather Impact on GNSS operations

Ground Based Augmentation System

Coverage: Local (airport)

L

GNSS .
Operations:
GPS *Precision approach (CAT | — II/III)
Galileo*
Compas* Possible impact:
Glonass* « Positioning error higher than usual

* Regional loss of services

*When available: 2020+
Mitigations:
* Non GNSS based landing system (ILS, MLS)
» Use of space weather nowcast/forecast (Australia)
» Long term future: dual frequency constellation (TBC)
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— Eurocontrol involvement in space weather
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MEMBER OF J]
»  Directorate SESAR and Research SE S AR

JOINT UNDERTAKING

X SESAR WP 15.03.04 task 6: GNSS vulnerability
. Task 6.a: lonosphere assessment impact

* X *x, Network Manager 9
-y

*
. * * nominated b
»  Directorate Network Management P the Eu,opeanyc()mmission

EUROCONTROL

. European Aviation Crisis Coordination Cell (EACCC)
has identified the space weather as a possible
hazard for aviation.

» FAA-EUROCONTROL Memorandum of Cooperation

- includes space weather as an area of mutual interest and
coordination. ICAO space weather activities are followed up
under this working arrangement.
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—— More information? R —

Top News of the Day:

2012-10-15 17:23 UTC NOAA Center for Weather and Climate Prediction Ribbon Cutting

Did you know that SWPC is part of the National Centers for Erwironmental Prediction (NCEP)?
NCEP Quarterly SWWPC isn't moving, but NCEP is, into the new NOAA Center for Weather and Climate Prediction
Newsletter (NCWCP). There will he a ribbon cutting Monday for the new building on the University of
Marvland, College Park campus

pace Weather Web Server

SWPC Home Page

Current Conditions Updated October 15: The official press release for the apening of the NCWCP is now available.
Alerts\Warnings
Space YWeather Now
Today's Space Wx Both GOES-14 and GOES-15 to Continue Providing X-rav Sensor and Imaner
Data and Products
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Staff
Email Products

Contents
Welcome
Introduction:
What is Space Weather =
Current Space Weather
ESA Space Weather
Studies

International Activities »
Models and Data
Resources

Space Weather Warking
Team (SWWT)

ESA Space Weather
Warkshops

Sun Spot Ne
15/Det/2012

3
Kl
i
|
e

Latest EIT-195 Imag

Space Wx Workshop o
Miscellaneous - Education/Outreach Current Space Weather Conditions
Sitemap Customer Services

(you can click the images to get more information)

SWEN Mewsletter News & Media Info. - Popular Pages —— ﬂ
Mail to Webmaster Latest News
Contact Us
comac b NOAA Scales Acthity

Range 1 {minor) to 5 (extreme)
NOAA Scale Past 24 hours Current

Geomagnetic Storms * none none

ESA website e
http://www.esa-spaceweather.net/

Solar Radiation Starms none none

Radio Blackouts none none

Space Weather for Aviation Service Providers
NOAA National Weather Service Space Weather Prediction Center
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Thirty-five new items have just been added to our Meteorite
Jewelry collection. Browse the Space Yveather Stare for
sornething out of this warld

Latost 3y Solar Westher Fracast
Solar wind
speed: 300.5 kmisec
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dEH‘SW.’I'a pmtngsf:m DRACONID METEOR SHOWER: The notoroiusly unpredictakle Draconid meteor
WL%‘!E uT shower peaks this year on the night of Oct. 7-8. In most years, the Draconids come

. and go with a barely noticable peak of 10 or so metears per hour. Occasionally,
X-ray Solar Flares hnwsrwrr Farth nasses throonh 3 dense clormn of debiris frnm narent cormat
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merc hitp://spaceweather.com ¢
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e Plonetary K 60ES-15 Proton Fux 60ES Xrayfux

Bfects: HE Radlo communiatons, Efects: HF Radia commnicatons.
Indicator o raciaton sk

No space waather viston alrs issusd in e past 24 hours

http://www.swpc.noaa.gov/aviation/

Alang-duration B-Nare fram the vicinity
of AR1582 hurled a CHE toward Earth
on Oct, Sth, Credit: SDOMHMI
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= Home page

« Enhancing safety

« Accidents and
incidents

= Aircraft Types

= Airport Directory

« Toaolkits

« Organisations

« Bookshelf

« Publications

« ICAO FSIX

work in progress
« Draft articles
« Request an aricle

information
» About SKYbrary

« Contact us

= Heln

» Operational issues
» Human performance

= Safety regulations

More information? SKYBRARY!!
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Definition

Space weather refers to natural perturbations coming from the sun or from space that can influence the performance and reliability of space-bome,
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