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Space Environment
Lecture 6

Hazards of Space Environment Weather
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Space Particle Radiation

Where does it originate!
Where does it occur?

Outer Planets

Outer Planet Radiation Belts

Multiple Sources
Only Orbits Around Those Planets

Planetary Space

Cis-Lunar and Lunar Surface

Solar Energetic Particles
Sun/ Interplanetary Shock \Waves

HEO
o

Earth Everywhere in the Solar System

Galactic Cosmic Rays
Milky Way Galaxy Supernovae
Everywhere in the Solar System

Radiation Key:

Van Allen Radiation Belts Scientific Term

Multiple Sources Origins of the Radiation
Only Earth Orbits Where in Space Radiation Occurs




Space Domain Awareness: The “Why”

Space Threats
“The Adversary”

Space Hazard

“A Harsh Environment”

The space environment is hostile
and hazardous

* Electronics upset

+ Materials age

* Radio waves degrade

The space environment affects the
dynamic behavior of anthropogenic
space objects

Space Hazards
“The Safety of Flight”

There are many anthropogenic
space objects—many dead, some
not

*  Paths only approximately

known
+ Space is more crowded today
Anthropogenic space objects are
hazardous to each other
* The probability is low, but the
consequences are very high!

today

Space is contested by adversaries

The required methods to address
the threat are new

The methods cross many
phenomenoiogies and disciplines
As long as we do not fully
understand and measure the space
domain, there will be places to hide
and an ability for us to be deceived!!!

The threat is real, and growing

We must be able to attribute cause
of behavior: intentional vs
unintentional

To Know it, you MUST Measure it; to Understand it, you MUST Predict it!




Why do we care?
Because space weather includes
unavoidable hazards leading to significant potential risks
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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 10.1029/2018SW002042
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Figure 2. Space radiation and plasma impacts and their sources.



Population Hazard

GeV

Cosmic rays Single event effects (SEE)
(ions > 40 MeV)

Solar energetic particles
Dielectric charging

Nuclear Detonation (electrons > 0.2 MeV)

Trapped energetic particles Surface charging
(electrons 5-50 keV)

Magnetospheric plasma Total Dose

(and electromagnetic fields) (> 5 MeV p+, > 1 Mev e-)
keV lonospheric drivers

Optical backgrounds



Hazards and risks .. . ~ -

Risk = Hazard x'VUI'nerabiIity.t'."/.";
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Hazards and risks . . « -

Risk = Hazard xVu.nerabiIity'.

Minimize risk through: .
* Reduction of vulnerability (only condltlonally fea5|ble)‘
* Timely and accurate foreeast of hazyyd, . @

enabling protective measures



Achieving Immunity to Space
Weather Effects

e Sort out anomalies (probably) due to weather

e Correlate to space environment “signatures”

e Determine anomaly mechanism(s)

e Incorporate “signature” into design criteria

e Eliminate susceptibility by design

o Develop design standards - new industry practices
e Audit new designs for weather immunity

o Verify by test and inspection




Correlation to > 2 MeV electron flux

Electron Flux [efcm”2.day]
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()¢ AraoTnpiko Kaipo opilovpe tic petaoAéc oto
TAQOUQ, TO PAYVITIKO TEQIO KAl TNV NAEKTPOUAY VI TIKT
axTivofJoAia oTo dldoTnua, TOL PITOPOVV VA EMNPEATOLV

tnv allomiotia, Aettovpyia xat Biwopotnta
OLACTNIIKWYV KAl ETMHYELWV TEYVOAOYIKWV

CLCTNUATWYV, AAAG kKat TNV avBpwmivy vyeia.
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SDO flares and CMEs
https://youtu.be/GrnGi1-q61Wc?s1=6C5AzN4vgDYS-D;9



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

Space weather 1ncludes all conditions and
events on the Sun, in the solar wind, in near-
Earth space and 1n our upper atmosphere that
can aftect space-borne and ground-based
technological systems and, through these,
human lite and endeavor
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Space weather

1s the physical and

phenomenological state of natural space
environments. 1'he associated discipline aims,

through observ
and modelling,

ation, monitoring, analysis
at understanding and

predicting the state of the Sun, the
interplanetary and planetary environments,

and the solar and non-solar driven

perturbations t!

forecasting and

nat affect them, and also at
nowcasting the potential

1mpacts on biol
systems.

ogical and technological



2012707723 02:48

(d)

Solar active region

Coronal mass Solar flare
ejection (CME) 7
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WHY STUDY SPACE ENVIRONMENTS & EFFECTS?

« Spacecraft anomalies

— 1/3 of all spacecraft anomalies related to the
environment

» Spacecraft failures

— 1/4 of all spacecraft failures related to the
environment




Solar flares

These explosions on the sun's surface occur without
warning and can launch huge amounts of X-rays, other
radiation and particles into the ionosphere, the outer
edge of Earth’'s atmosphere.

Diverted
particles

Magnetic
field lines

N

@ EARTH

s

Coronal mass ejections Solar winds Earth’s magnetic field

These slow-moving “space Streams of gas particles

" Earth’s atmosphere is least
hurricanes” occur when the sun and magnetic clouds

ejects part of its outer
atmosphere.

Vulnerable to space weather

Satellites and GPS devices
Radiation storms can befuddle
satellites, delaying or garbling
radio waves and mucking up
sensitive electronic controls.

International space
station

No humans are closer
therefore more vulnerable — to
space radiation than residents
of the space station.

wn to approximate scale, but distance is not

pour from the sun’s
surface in all directions.

Oil pipelines

Aboveground pipelines can
conduct stray currents and
become corroded. Alaska’s lines
are vulnerable because they're
so near the North Pole.

Power grid

Power lines can conduct currents
that develop in the ionosphere.
The grid is so interconnected that
a few blown transformers can
cripple a large area.

protective around the polar
regions, so those areas are
most easily disrupted by
solar weather.

Aircraft
communications
Transmissions that depend on
low-frequency radio waves
become unreliable, especially
near the North Pole.

Water supply

Because water processing and
distribution depend so heavily
on electricity, a major loss of
power would affect water
delivery within days.
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Types of space weather events affecting nav and com

x-rays and
gamma rays

x-rays | ultraviolet E infrared
E ~ microwaves
: o HE_ME_LF wE

1022 102" 102° 10" 10'® 10'7 10'® 10" 10" 10" 10'2 108 10" 159 10% \107 '1,945 10° 104 183 102 10!
GHz iz kMz

UHF - GPS

Energetic protons/
particles — via SEEs -
affecting GPS satellites
components
Geomagnetic storms/
ionospheric storm -
cause scintillations

3

Freguencies (hertz)

VHF:

Energetic protons -
PCA

Geomagnetic
storms

Solar radio emission
associated with
flare/CME

HF:

Solar flares/x-ray
Energetic protons - PCA
Geomagnetic activities



lonospheric cutoff at ~10 MHz:

Very High Frequency Waves Pass Through the Atmosphere
.:) ‘."‘4&1-;

-Higher Frequency
Waves Travel Furfher

lonosphere




2UYXVOTNTO TAAAVTWONC TTAQCGLOTOC

f, =9*x\nHz



F.layer -~

500 1,000 1,500 2,000 2,500 3,000 3, S00 1,000 1,500 2,000 2,500 3,000 3,500
distance (km) distance (km)
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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.



Monitoring GHz solar radio bursts

o .@Ie@ember 2006
GPS p05|t|omng error occurred due to an

Red: Locatlon of GPS error*dcwrrenfce

1L 100%

Pointer 16°03'46 98" 99°4)

(Cerruti+ 2008)

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

Cerruti, A. P. +, Space Weather, 6, S10Do7, 2008
Klein, K.-L. +, European Space Weather Week 12, (Klein+ 2015)
Poster Presentation, 2015




Atmospheric Penetration
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The Solar Cycle and Space Weather
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Image Credit: Skylab i
courtesy of L. J. Lanzerotti,

Satellite Tracking Problems
After March 13-14, 1989 Storm

200

Satellites thatare [ Magnetic
not where they Storminess

should be following
the storm. (Ap lndex)

o

13-14 March 198
Magnetic Sto

10 15 20
Day March 1989




‘Space Envnronment Hazards

Smgle event effects from
high-energy protons and
galactic cosn_nc rays

Deep internal charging
/from high-energy electrons

-, Solar array
/ power decrease
NS due to radiation

Solar array
arc discharge

Surface charging from T

low-energy electrons .
Electronics degrade

due to radiation dose



Major Space Environment Hazards

False stars in star tracker CCDs
During exposure to
n_lulti-MeV rotons

Before

Before

Solar array power
decrease due to
radiation damage

\

¢ 3
- o |
Q |

7114 108205

Surface degradation from radiation

Single event effects in microelectronics
1101 = 0101

p

Electronics degrade due
to total radiation dose

Y

& Solar array arc
~ . discharge
— R

Spacecraft components become radioactive

Electromagnetic pulse from vehicle discharge
(on surface, behind thin shielding, or deep inside)

Induced__ 1
Voltage .- ‘

o THE AEROSPACE
== CORPORATION




Space weather events

20.1. 1994
26.3. 1996
11.1. 1997
2-4.5. 1998

6.-7.4. 2000

10.11.2000

Damaged
Damaged
Lost
Lost

Degraded

Canadian Anik-1&2
Canadian Anik-1&2
Telstar 401

Equator-S
Galaxy-4

SOHO

communication
communication
communication
scientific
communication
scientific

(solar paneks aged in one day as njuch as
usually durihg one year)

Degraded

(solar pane

Cluster

lose 2% of power)

scientific

Incidents on commercial satellites poorly reported
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Enidpaon Ataotnuikou Katpou

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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Components of the |Effects System affected Other problems
space environment
Neutrals Drag Orbit control Glow
Oxidisation Temperature control
Contamination Shields
Photons Heating Temperature control Contamination
Photo-emission Sensors
Surface ageing
Backgr. noise increase
Positive voltage
Plasmas Surface ageing High-voltage systems |Contamination
Current closure Temperature control
Surface charging RF systems
ESDs
EM noise
Particle radiation | Ageing Temperature control Genetics, Cancer
Atom displacements Electronic components |Death
Internal charging ESDs | Solar cells

Backgr. noise increase

SEEs

Star trackers
Detector background

DNA damage Living organisms
Cell destruction

Meteoroids Impact Partial destruction ESDs
Induced neutral and Attitude control Contamination
plasma environment Coating erosion

Debris Impact Partial destruction ESDs
Induced neutral and Attitude control Contamination
plasma environment Coating erosion

Magnetic field Local change Magnetic attitude

control




Atmospheric
opacity

Atpoodatlplkn adtadavelo

Visible light Hostofthe Long-wavelength
_ observabgle infrared spectrum R dio waves observable  radio waves
Gamma rays, X-rays and ultraviolet absorbed by
: from Earth : from Earth. blocked
light blocked by the upper atmosphere ; d atmospheric :
(best observed from space). with some oo (best
atmospheric v carved
distc n. rom s

100 %
50 %
0%
0.1 nm 1nm 10 nm 100 nm 1pum 10 pm 100 pm 1 mm lcm 10 cm Im 10 m 100 m 1 km
Wavelength

MSc in Space Science Technologies and Applications 48
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Padiokaraiyidec [flares]
(Radio storms)
HAilakéc kataiyidec [flares/CMEs]
(Solar radiation storms)
CewpayvnTikéC KaTaiyidec [CMEs]
(Geomagnetic storms)




Padiokaraiyideg:

AQPOPOUV TNAETTIKOIVWVIEC

kKdl 0opupopIkAR TTAoAYNOH
EAdoowv - MéTpia - Toxupn -
2.oPpapn - Akpaia

AKkTivec X amo GOES:

M1 - M5 - X1 - X10 - X20




GOES WEST GOES EAST
135° We_:’st, 75° West

R GOES B
T, Launch / Checkout - 90° West

Storage Position — 105° West




o§ -Ray Light Curves from GOES

(Geostati y Operational Environmental Satellites)
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GUES Xray Filux (5 minute data) Begin: 2006 Apr 26 0000 UTC
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o§ -Ray Light Curves from GOES

(Geostati y Operational Environmental Satellites)

GUES Aray Flox (5 minute data) Begin: 2005 Sep 7 0000 UTC
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HAlakég kaTaiyideg:

Apopouv AgiToupyia dopupopwyv
Kdl PIOAOYIKEC ETITITWOEIC
EAdoowv - MéTpia - Toxupn -
2.oPpapn - Akpaia

Ponh evepynTikwy 1ovtwy >10 MeV
10-102-103-10%-10°



GOESD7 Proton channels (cleaned)
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TewpayvnTIKEC KATAIYIOEG:
AQPopoUV AciToupyia d1dpopwv
TEXVOAOYIKWY cUOTNHATWY
EAdoowv - MéTpia - Toxupn -
2.oPpapn - Akpaia

Aciktng Kp: 5,6,7,8,9



Estimated Planetary K index (3 hour data)  Begin: 2010 4pr 03 0000 UTC
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http://www.swpc.noaa.gov/noaa-scales-explanation



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

