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Space Weather effects (SWx effects)

* Introduction ié}?
e SWx effects from

— Solar flares
— Proton events

— ICMEs
— Coronal holes




Space Weather (SWx)

Space weather refers to the
environmental conditions in
Earth’s magnetosphere,
ionosphere and thermosphere
due to the Sun and the solar wind
that can influence the functioning
and reliability of spaceborne and
ground-based systems and
services or endanger property or
human health.
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NSWP

NSWP: National Space Weather Program ; ESA: European Space Agency ; COST: (European) COoperation in Science & Technology

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.

ESA, COST Action 724
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Drivers of disturbed space weather

Solar eruptions  Solar corona
\ |

Magnetic Reconnection Solar wind

Radiation Particles Particles

Solar flares Proton events Coronal Hole




Disturbed Space weather

Solar flares Proton events Coronal Holes

causes

Coronal Mass Ejections

Arrival Immediately (8’) 15 min to a few hours 20 to 72+ hours 2 to 4 days
NOAA scales | R1 (minor) =>R5 (extreme) S1 (minor) => S5 (extreme) G1 (minor) => G5 (extreme)
parameter | M1=>2>X20 pfu (>10MeV): 10 => 10° Kp=5=>Kp=9
Duration Minutes to hours Hours to days Days
Protection | Earth’s atmosphere Earth’s magnetic field Earth’s magnetic field
Radio communications Satellites Satellites

7))

o

() Radar interference Astronauts & Airplanes Aurora

)

t Communication/Navigation Communication/Navigation

1 pfu =1 proton / cm? s sr Ozone Electrical Currents (GIC)
L




Space Weather effects (SWx effects)

 |ntroduction Solar flares

* SWx effects from

— Solar flares
— Proton events

— ICMIEs
— Coronal holes




Effects from solar flares

Scale | Description | Effect S Average Frequency
measure (1 cycle = 11 years)
Extreme HF Radio: Complete HF (high frequency) radio blackout on the entire sunlit side of the Earth lasting for a H20 Less than 1 per cycle
number of hours. This results in no HF radio contact with mariners and en route aviators in this sector (2x10°%)
Mavigation: Low-frequency navigation signals used by maritime and general aviation systems experience
outages on the sunlit side of the Earth for many hours, causing loss in positioning. Increased satellite
navigation errors in positioning for several hours on the sunlit side of Earth, which may spread into the night
side.
Severe HF Radio: HF radio communication blackout on most of the sunlit side of Earth for one to two hours, HF radio | ¥10 8 per cycle

contact lost during this time. (107%) (8 days per cycle)
Mavigation: Outages of low-frequency navigation signals cause increased error in positioning for one to two
hours. Minor disruptions of satellite navigation possible on the sunlit side of Earth.

R3 Strong HF Radio: Wide area blackout of HF radio communication, loss of radio contact for about an hour on sunlit X1 175 per cycle
side of Earth. (10 (140 days per cycle)
Mavigation: Low-frequency navigation signals degraded for about an hour.

R2 Moderate HF Radio: Limited blackout of HF radio communication on sunlit side, loss of radio contact for tens of M5 350 per cycle
minutes. (5x10°9) (300 days per cycle)
Mavigation: Degradation of low-frequency navigation signals for tens of minutes.

R1 Minor HF Radio: Weak or minor degradation of HF radio communication on sunlit side, occasional loss of radio M1 2000 per cycle
contact. {1077) (950 days per cycle)

Mavigation: Low-frequency navigation signals degraded for brief intervals.
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Effects from solar flares

* From EUV & X-ray radiation

— Solar flare effect (“magnetic crochet”)
e => Effects from ICMEs

— Shortwave fadeout (“Radio Blackout”)
e => PECASUS

* From radio emission
— GNSS disturbances
— Radar disturbances

EUV: Extreme Ultraviolet ; GNSS: Global Navigation Satellite Systems ; VLF: Very Low frequency ; MF/HF: Medium/High Frequency C‘
PECASUS: Pan-European Consortium for Aviation Space weather User Services



Effects from solar flares

I1GS Network Dual Frequency Code Observations, § December 2006

e GNSS disturbance
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Figure 6. Receivers in the Global GPS Network that were analyzed during the solar radio burst.
Figure 2. Response of a GPS receiver to the solar radio Green indicates the normal number of satellites being tracked (fourth panel) During the burst
burst on 6 December 2006. The red line Corresp()nds to (power at 1.6 GHz), several sunlit receivers tracked fewer than the four satellites needed for a full
CIN, on 6 December 2006, and the blue line corre- positioning solution (marked in red). (Image of Earth from the The Living Earth, 1996 and is used
sp(mds to the previous sidereal day. here by permission of the publisher. Day/night overlay created using Earth Viewer by J. Walker.)
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Effects from solar flares

Radar disturbance

— 4 November 2015

M3 flare paralyzes
Swedish air traffic

— 23 May 1967
e BMEWS disturbed

— Seems to require a set
of special conditions
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Space Weather effects (SWx effects)

e Introduction

* SWx effects from
— Solar flares

Proton events

— Proton events
— ICMEs
— Coronal holes
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8%
)
Physical
measure
_— (Flux level Average Frequency
Scale | Description | Effect of >= 10 e e p—
MeV
particles)
Extreme Biological: Unavoidable high radiation hazard to astronauts on EVA (extra-vehicular activity); passengers 10° Fewer than 1 per cycle
and crew in high-flying aircraft at high latitudes may be exposed to radiation risk.
Satellite operations: Satellites may be rendered useless, memory impacts can cause loss of control, may
cause serious noise in image data, star-trackers may be unable to locate sources; permanent damage to
solar panels possible.
Other systems: Complete blackout of HF (high frequency) communications possible through the polar
regions, and position errors make navigation operations extremely difficult.
Severe Biological: Unavoidable radiation hazard to astronauts on EVA; passengers and crew in high-flying aircraft 104 3 per cycle
at high latitudes may be exposed to radiation risk.
Satellite operations: May experience memory device problems and noise on imaaging systems; star-tracker
problems may cause orientation problems, and solar panel efficiency can be degraded.
Other systems: Blackout of HF radio communications through the polar regions and increased navigation
errors over several days are likely.
53 Strong Biological: Radiation hazard avoidance recommended for astronauts on EVA; passengers and crew in 103 10 per cycle
high-flying aircraft at high latitudes may be exposed to radiation risk.
Satellite operations: Single-event upsets, noise in iImaaging systems, and slight reduction of efficiency in
solar panel are likely.
Other systems: Degraded HF radio propagation through the polar regions and navigation position errors
likely.
52 Moderate Biological: Passengers and crew in high-flying aircraft at high latitudes may be exposed to elevated 102 25 per cycle
radiation risk.
Satellite operations: Infrequent single-event upsets possible.
Other systems: Small effects on HF propagation through the polar regions and navigation at polar cap
locations possibly affected.
S1 Minor Biological: None. 10 50 per cycle
Satellite operations: None.
Other systems: Minor impacts on HF radio in the polar regions.




Effects from proton events

e Polar Cap Absorption (PCA)
— => PECASUS

e Radiation

— Astronauts, Polar flights
* => PECASUS

e Satellites

— Star trackers
— Single Event Effects (SEE)
— Solar arrays

* Ground Level Enhancement (GLE)

PECASUS: Pan-European Consortium for Aviation Space weather User Services



e Satellites

— Star trackers

» Spacecraft orientation

* Photonics noise
— Proton « impacts »
» True stars?
— Misorientation
» Solar panels
* No energy
» Loss sun-lock
— Data loss
» Gravity Probe-B




Effects from proton events

rs00 . . . S
e Satellites ‘
— Single Event Effect (SEE) R
« Direct hit of an electronic 570 ot A el g
component by an energetic R ? L foo
particle resulting in an ol 1
anomaly T e s o o
* Several variations Figure 5. Subset o the data in Fig, 1 during solar maximum. The plot. shows a dogen

sharp spikes on top of the solar-cycle-modulated background of SSR SEUs triggered by

— SEU (bit flip)’ SEL, SEB' . cosmic ray hits. These spikes are caused by isolated strong SEP events. Most of them

coincide with a CRF down spike.

e Sources UOSAT-2 MEMORY UPSETS

— Galactic Cosmic Rays (GCR)
» DSCOVR

— Solar proton storms

— Radiation belts

SEU: Single Event Upset
SEL: Single Event Latchup T TG TR RTINS
SEB: Single Event Burnout

DSCOVR: Deep Space Climate Observatory



http://www.nature.com/news/cosmic-rays-may-threaten-space-weather-satellite-1.20880

Effects from proton events

Satellites

— Solar Arrays

* Displacement damage

* Reduces efficiency in
electricity production

e Several % loss from one
proton event is possible

— 2% loss during Bastille
Day event (14 July 00)

— 5% loss during extreme

4 August 1972 event

— Overall aging process of
satellite and its
instruments
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SOHO Solar Array Degradation, based on the average of the two section currents (PISW1 and
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 Ground Level Enhancement (GLE)

— Sharp increase of #neutrons @ ground

— Main source

» Strong SEPs ~500 MeV/nucleon
— X-class flares
— Western hem.
— Fast halo CMEs
— =>RARE!!
» Only 74 GLEs since the 1940s
» GLE#73/74: 28 Oct 2021 and 11
May 2024 (both weak events)
— Thresholds GLE
— SWPC: 10% above B/Gr GCR
» Practice: 3% above B/Gr
— At least 2 independent stations

— Realtime monitoring
— https://www.nmdb.eu/
— List: https://gle.oulu.fi/#/

GCR: Galactic Cosmic Rays ; SC: solar cycle ; GeV: Giga electronvolt ;
SEP: Solar Energetic Particles ; B/Gr: Background ; NMDB: Neutron Monitor
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http://www.nmdb.eu/
https://gle.oulu.fi/#/

Effects from proton events

Ground Level
Enhancements

— Various systems
* Computer glitches,
servers,...

— Errors increase with
altitude

* Pacemakers, defibrillators,
and other medical
devices,...

— SEUs (very low rates)
— Solar cycle (SC) effect
noted

* More errors during SC min
than SC max
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Space Weather effects (SWx effects)

e Introduction

* SWx effects from

— Solar flares
— Proton events

— ICMEs
— Coronal holes




Effects from ICMEs

Credits: ESA




Effects from ICMEs

e Solar wind features
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Effects from ICMEs
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Effects from ICMEs

Scale

Description

Effect

Physical
measure

Average Frequency
(1 cycle = 11 years)

Extreme

Power systems: Widespread voltage control problems and protective system problems can occur, some grid
systems may experience complete collapse or blackouts. Transformers may experience damage.

Spacecraft operations: May experience extensive surface charging, problems with orientation,
uplink/downlink and tracking satellites.

Other systems: Pipeline currents can reach hundreds of amps, HF (high frequency) radio propagation may
be impossible in many areas for one to two days, satellite navigation may be deagraded for days,
low-frequency radio navigation can be out for hours, and aurora has been seen as low as Florida and
southern Texas (typically 40° geomaanetic lat.).

Kp =9

4 per cycle
(4 days per cycle)

Severe

Power systems: Possible widespread voltage control problems and some protective systems will mistakenly
trip out key assets from the grid.

Spacecraft operations: May experience surface charging and tracking problems, corrections may be needed
for orientation problems.

Other systems: Induced pipeline currents affect preventive measures, HF radio propagation sporadic,
satellite navigation degraded for hours, low-frequency radio navigation disrupted, and aurora has been
seen as low as Alabama and northern Califormia (typically 45° geomagnetic lat.).

Kp = 8,
including a
g_

100 per cycle
(60 days per cycle)

Strong

Power systems: Voltage corrections may be required, false alarms triggered on some protection devices.
Spacecraft operations: Surface charging may occur on satellite components, drag may increase on
low-Earth-orbit satellites, and corrections may be needed for orientation problems.

Other systems: Intermittent satellite navigation and low-frequency radio navigation problems may occur, HF
radio may be intermittent, and aurora has been seen as low as Illinois and Oregon (typically 50°
geomagnetic lat.).

200 per cycle
(130 days per cycle)

G2

Moderate

Power systems: High-latitude power systems may experience voltage alarms, long-duration storms may
cause transformer damage.

Spacecraft operations: Corrective actions to orientation may be required by ground control; possible
changes in drag affect orbit predictions.

Other systems: HF radio propagation can fade at higher latitudes, and aurora has been seen as low as
New York and Idaho (typically 55° geomagnetic lat.).

600 per cycle
(360 days per cycle)

Minor

Power systems: Weak power grid fluctuations can occur.

Spacecraft operations: Minor impact on satellite operations possible.

Other systems: Migratory animals are affected at this and higher levels; aurora is commonly visible at high
latitudes (northern Michigan and Maine).

1700 per cycle
(900 days per cycle)
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Effects from ICMEs

* From magnetic field
— Satellites
* Magnetopause crossings
— High-Precision industry
— GCR: Forbush decrease

* From particles

— Satellites
* Drag
* Charging effects

 Satellite-based Comms/Nav applications (GNSS)
— => PECASUS

— HF Communication (aviation)

* =>PECASUS
— Geomagnetically Induced Currents (GIC)
— Aurora

GCR: Galactic Cosmic Rays ; GNSS: Global Navigation Satellite Systems ; Comms/Nav: Communications/Navigation
PECASUS: Pan-European Consortium for Aviation Space weather User Services ; HF: High Frequency



(@)
Effects from ICMEs

e Satellites iy
— Magnetopause crossings * S

* CME pushes
magnetopause inside GEO

» Satellites directly exposed
to solar wind

— Orientation problem

GOES Magnetometer {1 minute data} Begin: 2001 Apr 10 0000 UTG
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200 =
o=t
i m
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el e
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Updated 2001 4pr 12 23:59:04 UTC NOAA/SEC Boulder, CO USA

GEO: geostationary (equatorial) orbit



Effects from ICMEs

* Satellites
. Satellite Tracking Problems
— Atmospherlc drag After March 13-14, 1989 Storm

* Low Earth Orbit (LEO) 200

Satellites that are Magnetic
* Sources | notwhere ihey | Storminess
es - Ap |
— Shortterm: ICME - SHE I S
» NOAA:Kp>6 13-14 March 198 : ‘ 8

Magnetic Stor

— Longterm: Solar EUV radiation (solar
105 cycle)
—— » NOAA: F,,, > 250 sfu _
Slows down satellite | 15 20
. Day March 1989
— Burns up in atmosphere

1€

International Space Station As Flown Altitude Profile

4 Examples {Based on MCC-MIUSSP Tracked SV Data)

— March 1989 3 5

» 1000 satellites off-track

— Premature mission end . b 3 — 1

» Solar Max, Skylab, Starlink £ 5
— 10-11 May 2024: ISS lost 0.5 km
* Space debris £l i
— Cleaned up by high solar activity :?: :

» SpaceX Dragon crew capsule % ¥

trunk % i

. 58 rzlgl)re—entry (27 April 1SS lost 10 km during Bastille Day event
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Effects from

e Satellites

— Surface charging
* Low energy plasma
— 0-100 keV electrons

* Midnight to dawn region
— Substorm related
— SWPC: likely if K > 6
 Differential charging
— Shadow effect (GEO/HEOQ)
— Wake effect (LEO)

* Electrostatic discharge (ESD)
— Surface damage
— Phantom commands
— Internal charging

* 100s keV electrons
— More uniform distribution
— Galaxy 15 outage in April 2010

— Accumulation effect

ICMEs

noon

GEO orbit

Earth

dawn

v D8P LOGIC UPSETS
o DECS I RGA UPSEYS

. Local time dependence of anomalies observed
geosynchronous satellites.

¥ INTELSAY 1V
o INTELZAY 11

Low Earth orbit (LEO) ; Medium Earth orbit (MEO)
Geosynchronous orbit (GEQ) ; High Earth orbit (HEO)

Didectric

O Surface

©

©
QOO

SWPC: Space Weather Prediction Center 36 L
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Effects from ICMEs

- Magnetic Field from electrojet

' ~ . .

.7 s_ induces voltage potential on
\ the surface of the earth

* Geomagnetically Induced
Currents (GIC) | S ructaig ot

— Electrons from magnetotail
=> jonospheric currents =>
Magnetic field => currents
in crust surface

— Affects all long conductors

141 cells, depth 80 km

e Enters via ground N o S\ — As

connections | |

— GIC depends on 15001 & y z

+ Strength ICME "l 4 BeED 1| 2

* Geomagnetic latitude z | 11— §

— Eq. Latitudes too! ol i - E

* Local conductance o) T 1\ ] l
* Network details oo S ——— [l WD

Vg

-2000 -1500 -1000 =500 0 500 1000 1500 2000
E [km]
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Effects from ICMEs

Meonook (MEA) bosed on 1-minute definitive data
L G I‘ S 1989-03-13

o0 3
Power grids
e Distortions voltage pattern e of wAvwxwm mwwﬂwwwwwmw“’w
* Transformer damage b S N R R B A B B
— South-Africa, Oct 2003 = 3'
* Grid collapse
— Québ:c, March 1989 i WM L MMW( W‘( ”MMW
— Malms, Sweden, 2003 F T T
. 10-11 May 2024 Al Canadi
— No major impacts on grids

Longterm effects of power loss!

Table 3 Parameters for the GIC emergency alert model. The
criterion for each alert level is shown in the second column,
and the following columns show the expected extreme dB/dt
values for RC-, AE-, and SC-type GICs

dB/dr of GICs
Alert level Criterion RC (nT/h)  AE (nT/mim)  SC (nT/)
Caution Dst<-300nT  100-150 2000 40-110
Waming Dst<-600nT  150-400 4000 40-110
Emergency Dst<-900nT  400-1250 6000 40-110 -

Transient alert  High SEP flux 40-110
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Effects from ICMEs

* GICs
— Railways
« New York (USA), 14-15 May 1921
* Sweden, 13-14 July 1982
* China, 17 March & 23 June 2015
— Pipelines
e Corrosion => Qil leaks
— Telephone/Telegraph
e Carrington event (1859),...
e Transcontinental cables
— 4 August 1972
— Transatlantic cables
* Copper to optical fibre
— But « optical repeaters »!
— March 1989 event
— High-precision industry
* Wellbore drilling
— Manitoba, Canada, 27 February 2023 40 JQ_)

1858 2008
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Effects from ICMEs

e Aurora

Charged
particles

[
."' Magnetic

field lines

41

© G. Gonzales, lowa State University, OC 2003

b



Effects from

0 Kp.=3 \
=1 Kp=35

o

| =,
\ \ { = e o
How Far South Can Aurora Be Observed?r L‘/\
G is the NQAA Geomagnetic Storm Index (0-5) (10 ‘;
Kp is the Planetary K Index (0-9) ‘:5&4)/’-}’( ¥
)

>~
NOAA Space Weather Prediction Center, Boulder CO, U

= \<(<
) A /'J\J\d‘@
Far South Can Aurora Be Observed? /)

‘s\ G is the NOAA Geomagnetic Storm Index (0-5)
Kp is the Planetary K Index (0-9), j}

7\3\» 1\1& ez

OAA Space Weather Prediction Center, Boulder CO,

Naked eye

Camera (raw)

Camera (enhanced)

Credits: Phogotraphy - https:

10/04/aurora-lies-ca
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https://phogotraphy.com/2015/10/04/aurora-lies-cameras/

EN-901
Jean Marie Biets

Marche en Famenne, Belgique

Local start exp.: 11-05-2024 00:39:30
UTC start exp,: 10-05-2024 22:39:30
exp. time: 60 sec.

ZWO Asl 183mc

Fujinon CF2.7HA-L1

camera temp :32.6 °C

Shutter @ 16hz

Effects from ICMEs
Aurora on 10-11 May 2024




Effects from ICMEs
Aurora on 10-11 May 2024




Effects from ICMEs
Q Rapid geomagnetic variations @

e Solar flare effect (SFE) e Storm Sudden

— Aka “magnetic crochet” Commencement (SSC)
— Source — Sudden impulse (Sl)
e Strong solar flare * = no geomagnetic storm
— H-a: 2B (30%) — Source
— X-ray: X1 (50%) e Dayside compression by
° f(|Oca| t|me & |at|tUde) Strong |CME
— Examples * Global, but f(local sit.)
* 4 Nov 2003: +115nT — Max. Amplitude: +/- 300 nT
* 15ep 1853:+110nT * 10-11 May 2024: 108 nT
/ e SEPTEMBER 1 ?Ezrrr:m(::i \ ll“’ ‘I :2"07% . ~:'~“ % : % Tim‘day% aro—>
11* 12 MIDNIGHT 4 5 6 L f% Ssgok o

TIME (UT)
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Effects from ICMEs

* High-precision industry
— Industries depending on
amplitude of magnetic field
* magnetic anomaly surveys
 directional wellbore drilling
— Performance degradation
* Mitigation possible
— 4 August 1972

 Vietnam: sea mine ]
. «
detonation AN "
oo | ot e P ”~ f“o.ﬂ N
— 10-11 May 2024 ” TN W
gf"“ 14 Magnetic
* ONC - Ocean Networks §= J Storm
Canada = J
=sf Ly — «-Drilling Azimuth
— Deep-sea compasses ol |
activitated . \u{ IFR Corrected Azimuth
IIFR: Interpolated In_FieId Referencing Zﬁu.uﬂh‘ﬂ]ﬂ 3?‘{]{] SEIDU JUIUU 41]‘{]{] 41;J;Jm (hA:Z‘IlJJU 43IUU 44‘&]1] 45‘{]{] AﬂiIDU 4700 \\/,b
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Effects from ICMEs

* Cosmic rays

— Forbush decrease
* Decrease in neutron count
over background levels

— Due to the passage of strong
ICME / multiple ICMEs

* Threshold: > 3%
* Amplitude:
— Typical: 3-20%
— Depends on
» Size and # CMEs
» B of CME
Proximity CME to Earth
cut-off rigidity (GCR)
* Gradual recovery
— 3-10days

B: magnetic field strength ; GCR: Galactic Cosmic Rays
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AATB ‘ APTY | BKSN ‘ BRBG

Effects from ICMEs
Forbush decrease and GLE on 10-11 May 2024

MXCO | NAIN | NANM | NEWK | NRLK | NVBK | OULU | PSNM | PWNK | ROME | SNAE | SOPB | SOPO | TERA | THUL ’ TXBY | YKTK

Formal, Relative to pre-increase, %

GLE #74 — 2024-05-11

https:/gle.oulu.fi

25

5

- E

Forbush decrease (15%) from 10-11 May geomagnetic storm

GLE#74 (X5.8 — NOAA 3664)
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Time, UTC

CALG ‘ CALM ‘ DOMB ‘ DOMC INVK ‘ IRK2 ‘ IRK3 ‘ JBGO ’ JUN1 | JUNG ‘ KIEL MOSC ' MRNY ‘

— AATB
— APTY
— BKSN
— BRBG
— CALG
— CALM
— DOMB
— DOMC
— DRBS
—FTSM
— INVK
— IRK2
— IRK3
— JBGO
JUNI
— JUNG
—KiEl
— LMSK
— MOSC
— MRNY
— MWSB
— MWSN
— MXCO
— NAIN
— NANM
— NEWK

12V




=)

Space Weather effects (SWx effects)

e Introduction

* SWx effects from
— Solar flares

Coronal Holes

— Proton events
— ICMEs
— Coronal holes




Effects from CHs

Co-rotating interaction regions (CIR)

Foward Shock
Reverse Shock

Ambient
Solar Wind

Ambient

Solar wWind \

Figure 1. Schematic illustrating 2-D corotating stream structure in the solar equatorial plane in the

inner heliosphere (after Pizzo, 1978).
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Figure 1. Schematic illustration of typical solar wind
structures of coronal mass ejections (CMEs) and
corotating interaction regions (CIRs): (top to bottom)
magnetic field strength B, one of the Cartesian
component B; solar wind speed V, density N, tem-
perature T, expected response of the Dst index, and
>2.0 MeV electron flux at geosynchronous orbit.
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Figure 1. Schematic illustration of typical solar wind
structures of coronal mass ejections (CMEs) and
corotating interaction regions (CIRs): (top to bottom)
magnetic field strength B, one of the Cartesian
component B; solar wind speed V, density N, tem-
perature T, expected response of the Dst index, and
>2.0 MeV electron flux at geosynchronous orbit.



Effects from CHs

Scale | Description | Effect Physical o B TR
measure (1 cycle = 11 years)
G3 Strong Power systems: Voltage corrections may be required, false alarms triggered on some protection devices. Kp =7 200 per cycle
Spacecraft operations: Surface charging may occur on satellite components, drag may increase on (130 days per cycle)
low-Earth-orbit satellites, and corrections may be needed for orientation problems.
Other systems: Intermittent satellite navigation and low-frequency radio navigation problems may occur, HF
radio may be intermittent, and aurora has been seen as low as Illinois and Oregon (typically 50°
geomagnetic lat.).
G2 Moderate Power systems: High-latitude power systems may experience voltage alarms, long-duration storms may Kp =26 600 per cycle
rause transformer damage. (360 days per cycle)
Spacecraft operations: Corrective actions to orientation may be required by ground control; possible
changes in drag affect orbit predictions.
Other systems: HF radio propagation can fade at higher latitudes, and aurora has been seen as low as
New York and Idaho (typically 55° geomagnetic lat.).
G1 Minor Power systems: Weak power grid fluctuations can occur. Kp =25 1700 per cycle
Spacecraft operations: Minor impact on satellite operations possible. (900 days per cycle)
Other systems: Migratory animals are affected at this and higher levels; aurora is commonly visible at high
latitudes (northern Michigan and Maineg).
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Effects from CHs

e Similar to effects from ICMEs but less intense

e except...

* From particles
— Satellites
* Deep di-electric charging

GCR: Galactic Cosmic Rays ; GNSS: Global Navigation Satellite Systems ;
PECASUS: Pan-European Consortium for Aviation Space weather User Services
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Effects from CHs

* High-Speed Stream (HSS)

h ' 50 + Frequency of Internal Discharges
— Satellite charging g o
* Deep di-electric charging 2
— Also called « Internal £ 1
charging » £ 10
» Several 100 keV to a ‘e o~ s e
feW Mev (e ) Localﬁmedistributionofr::DtE‘,llr?':;cesofswtic discharges, | Figure 11. Cmn;z?:i::: z?gg;rl:f:::;::liq with energetic
)) Pe n et ra te S/C %aéj;gr%gtéﬁsﬁ%:;;?ai\‘gj:hbser’ af Ev»‘:n;s in ?gée;:tnjr electron fluxes.
» Accumulation effect
within S/C (ESD)
» Dayside effect !{F_“\_“" —
» More during equinox s _“,_*“‘_‘—’,— —— :’._:]:;_
* SNAP! L | , b 1'1 g gy 0 E
* Fluxes >2 MeV e (GEO) :l Lom g i o i l
— CHs in declining phase SC | it *.ﬁ 1 bl e
« Also 1-2 days after strong H | o i [ iy ,,ﬂ'] rﬁ
ICME, e.g. 3-4 Nov 2021 AL R Tl il I WO

CH: Coronal hole ; e : electron ; S/C: spacecraft ; ESD: Electrostatic Discharge ; #ESDs on a GEO communications satellite .

SNAP: Spring Negative Autumn Positive ; GEO: Geostationary orbit ; SC: Solar cycle -
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Effects from CHs

HSS from 2-6 August 2020
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Effects from CHs
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(A) High-energy electron counts during the period July 13-26, 1984. The satellite GOES-5 failed after, but not

during, the peak flux high energy electron flux (Baker et al.,

events showing delays of failures occurring after the peak of the electron fluence (Baker et al., 1998).
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SIDC URSIGRAM 40317

SIDC SOLAR BULLETIN 17 Mar 2024, 1231UT

SIDC FORECAST

SOLAR FLARES : M-class flares expected (probability >=50%)
GEOMAGNETISM : Quiet (A<20 and K<4)

SOLAR PROTONS : Quiet

PREDICTIONS FOR 17 Mar 2024 10CM FLUX: 144 / AP: 007
PREDICTIONS FOR 18 Mar 2024 10CM FLUX: 146 / AP: 007
PREDICTIONS FOR 19 Mar 2024 10CM FLUX: 148 / AP: 007

Solar Active Regions and flaring: There are five active regions visible on the solar disk. They all have simple beta or alpha magnetic field configuration and produced minor C-class flaring. The
main activity in the last 24 hours has been observed from active regions behind the east limb, that will rotate into view in the next hours. The strongest was an M3.5 flare peaking at 16:35 UTC
on 16 March, from a region not yet visible, located behind the east limb. As these regions rotate into view, we expect more M-class and possible X-class flares in the next 24 hours.

Coronal mass ejections: There was a partial halo CME (angular width about 180 degrees) directed towards the south, first seen at 03:24 UTC by LASCO C2. This CME originates from a filament
eruption in the southern hemisphere. Since the filament was located close to the disk center, an ICME may arrive to the Earth on 20-21 March (a better estimation will be given when more data
become available).

Solar wind: The Earth is inside slow solar wind, with speeds close to 350 km/s and an interplanetary magnetic field around 5 nT. Similar conditions are expected for the next 24 hrs.
Geomagnetism: Geomagnetic conditions were quiet both global and locally (NOAA_Kp up to 1 and K_BEL up to 1). Similar conditions can be expected for the next 24 hours.

Proton flux levels: The 10 MeV proton flux (measured by GOES-18) has come below the 10 pfu threshold, but remains elevated. It is expected that it will go back to low levels in the next 24 hrs.

Electron fluxes at GEO: The greater than 2 MeV electron flux from GOES 16 was below the threshold level in the last 24 hours. It is expected to remain below the threshold during the next 24
hours. The 24h electron fluence was at normal level and is expected to remain so.

TODAY'S ESTIMATED ISN : 074, BASED ON 10 STATIONS.

SOLAR INDICES FOR 16 Mar 2024
WOLF NUMBER CATANIA :///
10CM SOLAR FLUX  : 144

AK CHAMBON LA FORET : 005

AK WINGST : 002
ESTIMATED AP : 002
ESTIMATED ISN : 058, BASED ON 23 STATIONS.

NOTICEABLE EVENTS SUMMARY

DAY BEGIN MAX END LOC XRAY OP 10CM Catania/NOAA RADIO_BURST_TYPES
16 1622 16351644 ////// M3.5 1111117

16 2127 21552211 ////// M1.1 1111111

END



Summary SWx effects (1/2)

Solar flares [ * Proton events |
— NOAA scale (R) — NOAA scale (S)
— From EUV & X-ray radiation — Polar Cap Absorption (PCA)
* Solar flare effect e =>PECASUS
— “magnetic crochet” — Radiation
— =>Effects from ICMEs * Astronauts, Polar flights
— Shortwave fadeout e => PECASUS
* “Radio Blackout” — Satellites
* =2 PEC.ASUS o * Star trackers
— From radio emission * Single Event Effects (SEE)
e GNSS disturbances * Solar arrays

* Radar disturbances — Ground Level Enhancement

(GLE)

666&)



Summary SWx effects (2/2)

ICMEs §|
— NOAA scale (G)

— From magnetic field
* Satellites
— Magnetopause crossings
* High-Precision industry
* GCR: Forbush decrease

— From particles

e Satellites
— Drag
— Charging effects

» Electrostatic Discharges
(ESD)

— Satellite-based Comms/Nav
applications (GNSS)

» =>PECASUS

 HF Communication (aviation)
— =>PECASUS

* Geomagnetically Induced
Currents (GIC)

* Aurora

Coronal Holes El
— NOAA scale (G)

* Impacts similar but less severe
than with (strong) ICMEs

* Especially during the declining
phase of Solar Cycle

* SNAP (Spring - Autumn +)
— Satellites
* Deep di-electric charging
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