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Outlook

- How does the Sun create space weather?
The physics of the Sun and space weather

- How do we observe the Sun and its impact on space weather?
Instruments

- Which type of information do we obtain from satellites?
The solar observation databases

- Which tools do we use to analyse these observations?
Tools

Proba-2 watching the Sun from Earth's side Solar Orbiter watching the back of the Sun




The physics of the Sun & solar activity



The solar atmosphere

Thermonuclear
energy core

Radiative
zone

Convective
zone

The corona: about 1 000 000 °C

The upper Chromosphere: about 10 000 °C

The lower Chromosphere: about 4000 °C

The photosphere: about 6000 °C

Height in the solar atmosphere

Wedemeyer, SDO/NASA
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The solar atmosphere >

Schrijver, 2001



Eruptive events

Solar flare Coronal Mass Ejection (CME)

‘ AIA 193A P
2017-09-06T11:13:28 2010/12/12 00:06

NASA/GSFC/ Solar Dynamics Observatory NASA, ESA /Solar and Heliospheric Observatory

. LASCO C3




Space weather

-magnetic fields
-particles (ion, proton, electron, alpha)




Geomagnetic storm
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Solar activity impact
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Instruments



Overview by solar databases
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GOES and PROBA-2

- Geostationary Operational Environmental Satellite (GOES)
-Family of satellite operating since 1975 (4 active, 20 launched)
-classification of solar flares
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Solar and Heliospheric Observatory (SOHO)

26 October 2025 - Mission Day: 10922 - DOY: 299
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The Very Latest SOHO Images

NOTICE: SDO/HMI Continuum and SDO/HMI Magnetogram image outage due to a cooling
water line burst in the Joint Science Operations Center (JSOC) at Stanford University on
2024-11-26. Status updates are provided at SDO's JSOC Emergency Resources page.
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Bigger versions of this page in a new window:
Regular size page, New 1280x1024 window, and New 1600x1200 window.

For details on comets or planets, visit the sungrazer pages




1

SDO (Solar Dynamics Observatory)

- Launch 11 February 2010
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- Launch 10 February 2020

SOLAR ORBITER INSTRUMENTS

Solar Orbiter .

Eesa

Spectral Imaging of the Coronal Environment
(SPICE)

Heliospheric Imager (SoloHI)

Solar Wind Plasma Analyser (SWA)

*Energetic Particle Detector (EPD)

X-ray Spectrometer/Telescope (STIX) «

Magnetometer (MAG) | . |

RPW o

IN SITU INSTRUMENTS

(O REMOTE SENSING INSTRUMENTS

#SolarOrbiter #WeAreAllSolarOrbiters

Extreme Ultraviolet Imager (EUT) «

Coronagraph [Metis)

Polarimetric and
Helioseismic Imager (PHI)

Radio and Plasma Waves ([RPW)




The solar observation databases



PROBA-2 database

EUROPEAN SPACE AGENCY &'  SCIENCE & TECHNOLOGY o
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https://p2sa.esac.esa.int/p2sa/#quicklook

Heliospheric Event Knowledgebase (HEK

LMSAL >> Sungate >> iSolSearch

about / contacts
Nl Filters  Special Search results (export)

1. HARP#4284(NOAA#12098)
m Carrington Map

0P|

Note: Latitudinal extent not provided by SWPC
and is calculated assuming area=lat_ext*long_ext.

84. AR: ActiveRegion

Start Date: ‘
2014-07-01T00:00:00 L]
End Date: ‘
2014-07-01T23:69:59 L)

2.EF: EmergingFlux
3 HARP#4295(NOAA#12103)
4 HARP#4296(NOAA#12108) | Start: 2014-07-01T00:00:00

5 HARP#4315(NOAA#12108) | ERE B0TE07ET 189808
6.HARP#4288(NOAA#12100) | Goord Sys: UTC.-HGS-TOPO

7.HARP#4312 Observatory: various
8 HARP#4294(NOAA#12106) gﬁtmm?"t{ ‘{g/f'ous
annei:. visibie

9. HARP#4293 FRM: NOAA SWPC Observer
10.HARP#4272(NOAA#12096) | Archived :2014-07-01T08:34:07
11. HARP#4302(NOAA#12105) | NOAA AR#: 12097

12 BF: BmercingFlux Mt. Wilson class: ALPHA

e e Lo : Area: 100 Mm2
13.CH: CoronalHole Search for publications on ADS
14.CH: CoronalHole NASA Solar Monitor

Choose Event Types:

(all / invert / common / clear)
@ Active Region

@ CME

@ Coronal Cavity

@ Coronal Dimming

# Coronal Hole

Size> .01 15.CH: CoronalHole Helviewer.org
HER event summary
% of surface area 16.CH: CoronalHole VOEvent XML
@ Coronal Jet 17.CH: CoronalHole Get SDO Data

@ Coronal Rain
@ Coronal Wave
% Emerging Flux
@ Eruption

LAia b Observations in the neighborhood

o0 , .
LR CoronalHole: IRIS (2796, 1400): Fast rasters of AR12100 boundary;
20.TO: TopologicalObject Fast rasters of AR12100 boundary.

21.TO: TopologicalObject AlA (171)

IQ Filament 22.TO: Tnpﬂlng,ca]()h_!ect /S\g: ;ggsn H line, TF Na | 5896. G band 4305): AR;
¥ Filament Eruption 23.TO: TopologicalObject IRIS (1330, 2832, 2796, 1400): Throughput

= AN 24.TO: TopologicalObject monitoring; Throughput monitoring

@ Filament Activation 25.TO: TopologicalObject IRIS (2796. 1400): Dense raster on bright plage in AR

12096: Dense raster on bright plage in AR 12096
- IRIS (2796. 1400): AR dense raster on sunspot in AR
27.TO: TopologicalObject 12096: AR dense raster on sunspot in AR 12096

28.TO: TopologicalObject IRIS (2796. 1400): AR dense raster on sunspot in AR
20 TO: To 0100icalOb-" ” 12093; AR dense raster on sunspot in AR 12093

20 COPOOR Jec SOTSP (6302A Velocity 5301.5A, 6302A Transverse
30.TO: TopologicalObject Flux Density, 6302A Continuum Intensity, 6302A
31.TO: (l‘opologicul()biccl Longitudinal Flux Density): AR:; AR 12096

: SOTSP (6302A Velocity 6301.5A, 6302A Transverse
Flux Density, 6302A Continuum Intensity, 6302A

26.TO: TopologicalObject

Loop
# Oscillation

) Sigmoid

) Spray Surge

7 Sunspot

% Topological Object

32.TO: TopologicalObject

@ Plage . 33.TO: TopologicalObject Longitudinal Flux Density): AR; AR 12096
@ UV Burst << <?2014-07-01T00:00:00,, 34.TO: TopologicalObiect EIS (SIVIl, CaXV, SiX, FeXVI, SX, FeXXIV. NiXVl,
2014-07-01T23:59:59 , TRy w FelX, FeXIV, FeXIl. CaXVI, FeXl, MgVIl, FeX, FeVIIl.,
Search 35.TO: TopologicalObject FeXIll, FeXV): AR: Diagnostic scan of AR
I 36.TO: TopologicalObject SOTSP (6302A Velocity 6301.5A, 6302A Transverse

http://www.Imsal.com/hek/index.html
Ll AL https://www.lmsal.com/isolsearch



http://www.lmsal.com/hek/index.html
https://www.lmsal.com/isolsearch

CACTUS (CME catalogue)

CACTUS

A software package for 'Computer Aided CME Tracking'

CACTUS 250

A software package for 'Computer Aided CME Tracking'

CMEs detected by Cactus Details and graphs for CMEO111

:Issued: Sat Oct 25 01:58:52 2025 # CME | +0 dt0| pa da | v dv minv| maxv| halo?
:Product: CACTus catalogue (http://sidc.be/cactus) 0111|2025/10/22 22:24| 09 | 155| 176| 0206| 0046| 0065| 0339| II
#.

# Instrument: LASCO| Detector: c2 # Instrument: LASCO| Detector: c¢3 CME Movie :: Download :: Sample Image

# Threshold : 0.3@ | Factor : 6 | Minimal CME width: 5

#

first c2: 2025/69/38 00:00:07.589 23860062.fts
last c2: 2025/10/25 00:12:07.520 23862971. fts
first c3: 2025/69/30 02:06:07.399 33848194. fts
last c3: 2025/10/24 20:42:07.470 33851111.fts

0097|2025/10/21 14:24| 03
0096 |2025/10/21 08:24| 01
0095 |2025/10/21 03:36| 01
0094|2025/10/20 22:12| 01
0093]2025/10/20 15:48| 01
0092 |2025/10/20 15:48| 01
9091|2025/10/20 11:36| 02
0090|2025/10/20 11:00| 01

314| 034| 8450| 0076| 0347| 0637|
337| 056| 0484| 0046| 0446| 0612
32| 038| 1041| 0466| 0250| 1953|
326| 026| 8403| 0017 0376 0422|
320| 046| ©331| 0032 0271| @411|
309| 096| 0405| 0084| 0248| ©589| II
316| 022| 0243| 0012 0233| 0260|
025| 012| 1420| 0402 0644| 1567|

Angle from north

Latest CME detections overview page

#
#
# Output: Detected cmemap with the following characteristics:
# .
# CME: CME number y
# Flow: Flow number. Flows are suspicious detections, their color in the detectionmap is dark blue : "‘
# t0: onset time, earliest indication of liftoff L A &
#  dt@: duration of liftoff (hours) o
# pa: principal angle, counterclockwise from North (degrees) ¢ -
# da: angular width (degrees), : P o
# v: median velocity (km/s) 2025/ 10/22 22:24:07 2025/10/23 02:12:07 LASCO~c2
# dv: variation (1 sigma) of velocity over the width of the CME
# minv: lowest velocity detected within the CME
# maxv: highest velocity detected within the CME
# halo?: II if da>90, III if da>180, IV if da>27@, indicating potential halo/partial halo CME Velocity distribution
# o210, R IRUIIER RN RN LU R 0 SR ) U TG TN L R I TR
# CME | t0 | dt®| pa | da | v | dv | minv| maxv| halo? L 4
©120]2025/10/23 19:00| 26 | 196| 062| 2120| 0219| 0072| @993| 2000 - i
0119]2025/10/23 17:12| 01 | 314| 086| 2726| 0201| 0238| 1096 | I |
©118)2025/10/23 15:24| 04 | 183| 032| 908@| 0016| 0074| ©131| i |
0117]2025/10/23 12:00| 03 | 184| 006| 8996| 0808| 0070| 1953| I 1
0116|2025/10/23 1@:36| 02 | 346| 046| 0446| 0055| ©337| @578| i |
0115]|2025/10/23 06:48| 01 | 063| 008| 8234| 0052| 0195| @327| o
0114[2025/10/23 05:24| 80 | 326| 018] P600| 0041| 0558| 0664 @ 1500 1
0113|2025/10/23 05:12| 82 | 323| 020| 0343| 0015| 0318| ©361| § i i
0112]2025/10/22 22:24| @1 | 067| 020| 1644| 0694| 0390| 1736| = i 1
0111]2025/10/22 22:24| 89 | 155| 176| 0206| 0046| 0065| ©339| II o - 1
0110]2025/10/22 21:48| 01 | 27@| 026| 0856| 0401| 0459| 1733| 3 - -
0109]2025/10/22 21:36| 01 | 002| 030| 0625| 0297| 0312| 1358| 2 1000 -
0108 |2025/10/22 21:36| 01 | 324| 054| 1171| 0293| 0637| 1838| i :
©107)2025/10/22 21:12| 01 | @06| 006| 2386| 0072| 0306| ©504| s .
0106|2025/10/22 12:48| 01 | 24@| 014| 9651| 0007| 0651| ©664| L .
0105|2025/10/22 11:00| 21 | 311| 056| 9419| 0@52| 0315| ©496| L i
9104|2025/10/22 07:36| 01 | @87| 008| 9433| 0032| 0388| ©473| 500 - % -
0103)|2025/10/22 04:36| 01 | 017| 008| 8844| 0078| 0692| ©@868| L ¥ g ]
0102]2025/10/22 01:36| 02 | 356| 026| 0793| 0473| 0345| 1738| L -
0101]2025/10/21 23:24| 82 | 311| 012| 08459| 0251| 0260| ©822| I
0100)2025/10/21 22:12| 01 | 356| 018| ©338| 0126| 0115| @5@3| X % |
£099[2025/10/21 21:12| 81 | 121| 032| 1838| 0177| 1428| 1953| ol o v o 10T 5 cedl ae o v i g g e
0098]2025/10/21 20:24| 04 | 112| 342| 1077| 0556| 0264| 2016| IV 0 20 180 270 280
|
|
|
|
|
|
|
|

-data since 1997 https://www.sidc.be/cactus/catalog.php
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1
The Comprehensive Solar Energetic Electron event Catalogue (CoSEE-Cat)

COSEE-Cat Metadata = Tables » Documentation * Query

Event ID 2011181056
onset 2020-11-18 10:56:30 at 24.0 keV

10° -W Electrons
] - = STEP [11.71 - 22.32 keV]
~ 10%9 ! — EPT [35.57 - 54.18 keV]
S 53 ! i —— EPT[155.22 - 259.02 keV]
23 107 It e AN e et (i oy Aot T HET [0.45 - 1.04 MeV)
€5 107 4 i
£t a0 -WW%WWW
= 10° - E
M o AL L, P S | T % B e T
T T T 10 ;
7 £
6 - 0.8 g
5H 06 %
> 4 - 2
. 3 04 £
The Comprehensive Solar Energetic Electron f 0.2 ‘g
event Catalogue (CoSEE-Cat) . wo f
104 10—13
-the most details overview of the solar energetic events ever B ¥
§§ S g
-data from 8 Solar Orbiter instruments Bg 1 2
et >
10712
-information from the source region and in-situ measurements
10° 3 STIX LL
- - 3 — 4.0 -10.0 keV
-300 events publicly available (768 events detected) i3] — 100-15.0keV
E — 15.0 - 25.0 keV
g": - ] m— 25.0-50.0 keV
-publicly available data: 2020 - 2023 (2025) I T
Y o10° TP gp— STA
107 Loa 3l

A
T T T
10:00 11:00 12:00
Date/time (UTC) 2020-Nov-18 (DOY 323)

--TSA SRT - - - STIX peak ---RPWonset - EPD cnset

-data since 2020 https://coseecat.aip.de/



VSO (Virtual Solar Observatory)

VSO Time / Instrument Search Form

Version 1.4

All from Source

Instrument Date Range y
BBSO® BBSO® 2000.07.05 — Start: 2019 [
ChroTel® ChroTel® 2012.04.01 — End: 2019 [
EUNIS® LONGWAVE-LOBE-06® 2006.04.12 — 2006.04.12
' LONGWAVE-LOBE-07® 2007.11.06 — 2007.11.06
LONGWAVE-SLIT-06® 2006.04.12 — 2006.04.12
LONGWAVE-SLIT-07® 2007.11.06 — 2007.11.06
SHORTWAVE-LOBE-06® 2006.04.12 — 2006.04.12
' SHORTWAVE-LOBE-07® 2007.11.06 — 2007.11.06
SHORTWAVE-SLIT-06® 2006.04.12 — 2006.04.12
"I SHORTWAVE-SLIT-07® 2007.11.06 — 2007.11.06
Evans® ' spectroheliograph® 1996.02.05 — 1999.05.28
GOES-12® SXI-0® 2001.09.10 —
GONG® " Big Bear® 2006.08.15 —
' Cerro Tololo® 2006.08.15 —
El Teide® 2006.08.15 —
" Learmonth® 2006.08.15 —
“'MERGED GONG® 2001.07.22 —
Mauna Loa® 2006.08.15 —
~ Udaipur® 2007.04.10 —
Hi-C® Hi-cC® 2012.07.11 — 2012.07.11
Hinode® EIS® 2006.10.23 —
SOT® 2006.10.23 —
IXRT® 2006.10.23 —
HXECLIPSE® | HXECLIPSE® 1869.08.07 — 2009.07.22
IRIS® JIRIS® 2013.07.16 —
ISOON®  ISOON® 2003.01.02 — 2012.04.18
IVM® IvM® 1999.11.24 — 2003.12.19
KANZ® T KANZ® 2001.02.07 —
KPVT® "1 512-channel magnetograph® 1974.02.01 — 1993.04.10

snectramaanetoaranh®

https://sdac.virtualsolar.org/cgi/search

1992.04.19 — 2003.09.21




Joint Science Operations Center

JSOC Data Export reset page tunkelpoff 1 Requests Pending , Loading...

JSOC Data Export Request Generation

Help with Error Messages Release Notes

If the Method is changed from "url_quick" or "url_direct" you will have additional options to specify. "url-direct" is temporarily disabled.
After the request is submitted for Methods of "url", "ftp", "url-tar" or "ftp-tar" you will recieve ON THIS PAGE a "Request_ID" that will be used to access the data when it is ready.

If you enter an email address you will be notified when the data is ready. If you do not provide an email address you must leave this page open or save the Request_ID in order to access the data.

RecordSet from file E Check box to allow upload of RecordSet list file, file will be requested after Submit button click.

RecordSet a hmi.sharp_cea_720s[377][2011.02.15_00:00:00_TAI-2011.02.15_04:00:00_TAI}{Bp,Br, E Lookdata

Record Limit E none Optional manual limit to number of records to export.

Record Count E 21 Recount | Limit for AIA to about 15,000 and for HMI about 30,000 in each request.
Method a (url $) Choose method, url_quick or url for now. url_quick implies protocol of "as-is"
Filename Format [§ hmi.sharp_cea_720s.{HARPNUM}.{T_REC:A} File name template.

no_op - none  hide
aia_scale - Scale image to 0.6 arcsec/pixel (compatible with 2D dataseries with CTYPE1 == HPLN-TAN and CTYPE2 == HPLT-TAN only)
HmiB2ptr - Convert HMI B_720s to Phi,Theta,R coordinates
Processing a resize - Resize and rotate if needed, use sub-pixel registration
im_patch - Extract sub-frame
maproj - Extract a sub-frame and remap to a chosen projection.
rebin - Rebin with boxcar or gaussian smoothing

Projected Patch Extract - used to export sub-frames from a sequence of images. The extracted patches are remapped to the requested projection. The patch will be tracked at the Carrington rate.
The location of the extracted sub-frame must be specified in Carrington latitude and longitude.
The recordset should be specified fully. For the time being, for AIA at lower cadence use one of the time slotted series: aialevl_euv_12s, aialevl_uv_24s, or aia.levl_vis_lh
Options Visible grid spacing in degrees, none NOAA AR number: E 11158 ‘at 2011.02.13_23:59:59Z
CLong E 034 Carrington longitude of patch center. — Check for disk center longitude.
Mg a CLat E -20 Latitude of patch center.
MapProjection E[ Plate Carree - simple latitude vs lor ¥ ]
MapScale E 0.00179 Scale in degrees per pixel after mapping. Choose <= 0.00179
Width B 800 Width of extracted patch in pixels.
Height E 400 Height of extracted patch in pixels.
Verify ? Check params OK to submit
Protocol E [ FITS & ] Choose protocol, "FITS", "JPEG", "MPG", "MP4", or "as-is". Note uncompressed FITS not an option
Notify E solarmail Provide your email address for notification. If Requestor is your SolarMail name you may use "solarmail" here.
Requestor a none Provide your identifier, e.g. your SolarMail name.

[ Check Params for Export | Notify field must be set before submit.

Home page for: SDO-JSOC

http://jsoc.stanford.edu



Tools to solar data analysis



JHelioviewer 19

-JHelioviewer -tool to check the solar structures and activity

e00 Q@ & O o+ ® 2 5 @ o0  © % B = © o o <

Zoom In Zoom Qut Zoom-Fit Actual Size Rotate View 90° Reset Axis Reset View Pan Rotate Axis Track Differential Corona Multiview Projection Annotation Refresh SDO Cut-out SAMP

i . »

4l ’ » Op(ions > 48/97

v Image Layers

2025-10-01719:14:57
2025-10-20719:14:57

© New Layer ~
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Q Sync

v AIATT1 2025-10-15T04:29:21.352 X
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FOV
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Miniview
SWEK Events
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Blend —§
Sharpen =il

Levels e —@
Color SDO-AIA171A
Channels ¥ Red ¥ Green ¢ Blue
Filter '@ None MGN wWOow
More Adjustments > 3

Vv Timeline Layers

© New Layer 8 Custominterval

v SWEK Events
v GOES 18 XRAY long flux 2025-10-15T04:29:21.352
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logye(W/m?)

3

Line color 0.000 days

Vv Space Weather Event Knowledgebase
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-images, movie and goes data about class of the solar flare —> presentation JHelioviewer

https://www.jhelioviewer.org/



Helioviewer 20

-Helioviewer -webpage version of JHelioviewer (fast data check)

Date [ 2025/06/06 |[ 12:15:34 IU(;

Time Step | 1 pay v OO

Make an

- IFlares and Active Regions
Observation

https://student.helioviewer.org/



Advance tools: SunPy

-SunPy -Python package to analyse Solar Physics data

About ¥ Documentation ¥

Packages GetHelp Contribute

Blog Cite SunPy

Q. Search # + K

sunpy 7.0.3 documentation

The sunpy tutorial v
Example Gallery
Acquiring Data g
Map ¥
Combining, Co-aligning, and ¥
Reprojecting Images
Time Series .
Coordinates, times, and units g
Plotting Wi
Differential Rotation of the Sun b
Saving and Loading Data W
Computer Vision Techniques ¥
Showcase v
How-To Guides W
Topic Guides v
Reference v
Release History W

Acknowledging or Citing SunPy

Known Issues

Plotting

Examples of visualizing supported data types

Adding an Earth scale

image

Drawing a latitude-

longitude quadrangle

Drawing the Extent of a
WCS

Blending maps Combining off-limb and Creating a Composite

together disk maps Plot with Three Maps

Drawing a rotated Drawing and using a Drawing heliographic

rectangle on a map Great Arc longitude and latitude

lines

Finding Local Peaks in
Solar Data

Map

https://sunpy.org/

= On this page
Sample data
Acquiring Data
Map

Combining, Co-aligning, and

Reprojecting Images

Time Series

Coordinates, times, and units
Plotting

Differential Rotation of the Sun
Saving and Loading Data
Computer Vision Techniques

Showcase




Advance tools: SolarSoftWare (SSW)

-IDL package to analyse Solar Physics data

SolarSoft

&

SolarSol‘th_l"e (SSW) Installation S.L.Freeland

Desired SSW Host | Installation Type |Installation Source | Transfer Protocol

| sohoftp.nascom.nasa.gov v || New Installation v | Internet v | cURL (use if FTP not available on server or client) v |

Enter desired local path for top level SSW tree.
You may select one of suggested locations from menu or enter an explicit path if you don't like any of those options.
If this is an Upgrade rather than a New Installation then your path must match your existing SSW top level path.

SSW Path Suggestions v -OR- Explicit Path: [

|Client Side Proxy IP (e.g. If Shttp_proxy is defined @Your site) :

SSW Site email contact ( USER@HOSTNAME ): |

Select those SolarSoft instruments which you plan to analyze at your site:
(don't overthink it - easy to add others later via ssw_upgrade...)

spO: [a1A ] [mM1 ] [EVE [ ]

GOES-R Series [SUVI | GOES{16,17,18,19}]

GOES-N Series [SXI | | GOES {13,14,15}]

Solar Orbiter [sTIX | ] [spicE = ] [soromn | ]

Parker Solar Probe [WISPR | /]

soHo: [Err ] [Lasco © ][cps ' 1][sumer ][mpr ] [uves ]

Hinode: [E1s ] [sor — ] [xrT ]

Proba2: [SWAP | ][LYrRA ]

Orbital Observatories [IR1S — ] [HESS1 — ] [TRACE ] [sMEI ] [Hxrs ~ ] [BATSE ] [sparTAN — ] [Hi-C ]
Optical Observatories: [SOON ] [Nso ' ][MEES ] [LaPalmasvsT [ ]

Radio Observatories: [ETHZ ' |][NRH ] [NorRH 1] [NorRP  ][0ovsA « ][LOFAR @ 1]
Virtual Observatories: [CoSEC | 1] [EGSO | ][vso | ][Ontology # ] [HELIO | ]
STEREO: [sEccHr | ] [ssc [ ][pLasTic ] [mMpAcT | ]

Yohkoh: [sxT ' 1] [Bcs ] [HxT ' ][wBs ]

Packages: [BINARIES ® ] [sunspICE | 1] [sPEX = ] [cHIANTI = ] [PINTofALE | ] [xRAY ] [PFss —][s3Drs | ]
[FesTivaL 1] [coriMP ] [MKIT ] [Panorama 1] [HYDROSTATIC ] [FINDSTUFF — ] [ANDRIL ] [LPARL ~ ] [vDEM —][ANA ~][zTOOLS ~ ] [miastereo —][NGDc —][cmes ] [cactus (] [NLFFF T ] [NRL T ] [AzaM T ] [GX_SIMULATOR ]
[swpc_car ] [pEsar ] [ForwaArD ] [EuvDEcONPAK | ][GsFiT ] [DEM_sitES ] [carch 1] [siMPLE REG DEM | ] [DEMREG @ ]

smM: [xrp ] [uvsp 1] [HxrBS ][cP  ]lcrs = ][Hxis = ][acriM @]
Generate Installation Script | Reset (to re-initialize all fields)

NOTE: For more extensive SolarSoft data base (SSWDB) information, including additional Ancillary data bases, see the SSWDB installation and upgrade document

https://www.Imsal.com/solarsoft/



Thank you for your attention!

krzysztof.barczynski@pmodwrc.ch
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| © Solar Radiation Storms

Solar radiation storms

Physical
measure
Scale | Description | Effect g;“ix:li\gd (Alv E;;ze:ﬁ(::::‘;y
MeV
particles)
Extreme Biological: Unavoidable high radiation hazard to astronauts on EVA (extra-vehicular activity); passengers and 10° Fewer than 1 per cycle
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 at 104 3 per cycle
high latitudes may be exposed to radiation risk.
Satellite operations: May experience memory device problems and noise on imaging 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.
S3 Strong Biological: Radiation hazard avoidance recommended for astronauts on EVA; passengers and crew in high-flying 103 10 per cycle
aircraft at high latitudes may be exposed to radiation risk.
Satellite operations: Single-event upsets, noise in imaging 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.
S2 Moderate Biological: Passengers and crew in high-flying aircraft at high latitudes may be exposed to elevated radiation 102 25 per cycle
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.
L | Minor Biological: None. 10 50 per cycle
Satellite operations: None.
Other systems: Minor impacts on HF radio in the polar regions.

NOAA




Geomagnetic storms

© Geomagnetic Storms

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).

Scale | Description | Effect Phystcal Avarage Frequency
measure (1 cycle = 11 years)

Extreme Power systems: Widespread voltage control problems and protective system problems can occur, some grid Kp=9 4 per cycle
systems may experience complete collapse or blackouts. Transformers may experience damage. (4 days per cycle)
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 degraded 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°
geomagnetic lat.).

Severe Power systems: Possible widespread voltage control problems and some protective systems will mistakenly trip Kp =8, 100 per cycle
out key assets from the grid. including a (60 days per cycle)
Spacecraft operations: May experience surface charging and tracking problems, corrections may be needed for 9-
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 California (typically 45° geomagnetic lat.).

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 low-Earth- (130 days per cycle)
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 cause Kp =6 600 per cycle
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=5 1700 per cycle

(900 days per cycle)

G2, G3 - events in last week

NOAA




