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http://www.affects-fp7.eu/

Key objectives of the AFFECTS project

1. Analysis and modelling of the Sun-Earth chain of effects on the Earth's
ionosphere and their subsequent impacts on communication and
navigation systems based on multipoint space observations and
complementary ground-based data.

2. Development of a prototype space weather early warning and reliable
space weather forecast system, with specific emphasis on ionospheric
applications.

3. Dissemination of new space weather products and services to end
users, the scientific community and general public.
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Sketch of a coronal mass ejection propagating towards Earth. Courtesy: NASA.




1. Analysis and modelling of the Sun-Earth chain

Solar Demon is a near real-time flare, dimming and EUV wave detector
developed at ROB as part of collaboration between the FP7 projects
AFFECTS and COMESEP. Solar Demon allows forecasters and other users to
better detect and characterize flares, dimmings and EUV waves, which are
precursors to CMEs.The Solar Demon website provides an online catalog of
flares and dimmings with detailed light curves, movies, images and statistics
on every detected event.

Last processed image:

2013-02-15 21:15:00, which is 138 hours and 13
minutes ago
Last detected dimming:

2013-02-15 20:33:01, which is 138 hours and 55
minutes ago
Last detected flare:

2013-02-06 01:03:01, which is 374 hours and 25 ; ‘

v

dimming intensity: percentage base difference: EUV wave:

.. "~

minutes ago

Overview for dimming #:
2 go back to overview

Simultanous flares:
id: 3 brightness: 193.5 * 106 lat: 18.4 lon: -30.6

Dimming animations

dimming base difference

dimming percentage base difference

dimmin s

dimming intensity S
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intensity num pixels area km~2 volume

time seq # 103 = 10~3 * 109 « 3019 lat lon AR img detection
2012-03-07 00:04:02 1 0.0 0.0 0.0 0.0 NaN 3503 a
2012-03-07 00:06:02 2 0.0 0.0 0.0 0.0 NaN 3504 0
2012-03-07 00:08:02 3 0.0 0.0 0.0 0.0 MaN 3505 a
2012-03-07 00:10:02 4 -1.4 0.1 0.3 -6.9 27.9 -43.2 AR 1420 (18, Beta-Gamma-Delta, 0) 3506 a
2012-03-07 00:12:02 5 -7.0 0.2 2.0 -40.4 32.6 -44.1 AR 1429 (22, Beta-Gamma-Delta, 0) 3507 0
2012-03-07 00:14:02 6 -56.7 1.9 12.6 -316.7 27.6 -45.1 AR 1429 (19, Beta-Gamma-Delta, 0) 3508 0
2012-03-07 00:16:02 7 -196.2 4.4 31.3 -1,030.6 25.9 -41.9 AR 1429 (16, Beta-Gamma-Delta, 0) 3508 1
2012-03-07 00:18:02 8 -276.1 5.0 43.8 -1,473.8 24.0 -42.2 AR 1426 (15, Beta-Gamma-Delta, 0) 3510 1
2012-03-07 00:20:02 9 -333.2 6.1 42.6 -1,757.3 24.7 -42.2 AR 1429 (15, Beta-Gamma-Delta, 0) 3511 1
2012-03-07 00:22:02 10 -410.3 8.3 52.9 -2,154.9 25.0 -41.3 AR 1429 (15, Beta-Gamma-Delta, 0) 3512 1
2012-03-07 00:24:02 11 -505.4 10.7 71.3 -2,655.0 25.1 -41.1 AR 1429 (15, Beta-Gamma-Delta, 0) 3513 1
2012-03-07 00:26:02 ) -563.7 9.5 84.3 -3,053.2 25.5 -41.7 AR 1428 (15, Beta-Gamma-Delta, 0) 3514 1
2012-03-07 00:28:02 13 -767.3 14.3 116.1 -3,999.7 246 -40.0 AR 1420 (13, Beta-Gamma-Delta, 0) 3515 1
2012-03-07 00:30:02 14 -856.4 15.3 110.1 -4,062.1 25.7 -42.1 AR 1420 (16, Beta-Gamma-Delta, 0) 3516 1
Space Weather WOFkShOF 2012-03-07 00:32:02 15 -184.5 13.9 0.0 0.0 NaN 3517 1 2014

2012-03-07 00:34:02 16 -975.4 i5.1 151.8 -5,132.6 25.9 42.2 AR 1429 (16, Beta-Gamma-Delta, D) 3518 1

5.5 14, B 1

2012-03-07 00:36:02 17 -1,317.1 22.1 231.2 -6,985.5

N

Beta-Gamma-Delta, 0) 3519



1. Analysis and modelling of the Sun-Earth chain

[ R At the University of Gottingen, A CME forecast system has been set up,

based on the analysis of CME parameters which allows a better estimation of
CME arrival time and impact at Earth.

Online CME-
Database

Presto Alert Linux, IDL
FESEGEREEEs SSW, GCS-Tool

Data
Processing
IDL-Script SEE Plus

CAT-Modeling

The final product resulting from this research (cooperation between
TZ UGOE, ROB, NOAA-SWPC, and NRL) is a real time application that currently

provides a forecast of the arrival time, speed, geomagnetic strength (ap),
and auroral position of a CME.




1. Analysis and modelling of the Sun-Earth chain

The Enlil model running operationally on the NOAA weather forecast computers
providing continuous real-time updates on the solar wind conditions near Earth

has been used to tracks the solar wind and CMEs at they propagate from the
Sun to Earth.

2013-02-07 22:00:00

i 4

University of Goettingen is collaborating with the Enlil model developer (D.

Odstrcil) to improve the model performance and to incorporate the magnetic
structure of the CME based on its photospheric source region properties.




1. Analysis and modelling of the Sun-Earth chain

UoT is running an auroral electrojet model which is driven by the data from its
array of magnetometers. The magnetometer chain provides an excellent
estimate of the location and intensity of the aurora in the European sector.

Aurora Forecast

OVATION-Prime Model
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The UoT Auroral Electrojet Tracker (left and centre) and a comparison with the NOAA-SWPC
Ovation model (right).

NOAA-SWPC performed side-by-side comparison of this tool with the
Ovation aurora model which is driven by solar wind and interplanetary
magnetic field measurements.



http://fox.phys.uit.no/AFFECTS/
http://fox.phys.uit.no/AFFECTS/
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2. Early warning and forecast system

Forecast System lonosphere (FSl) is a fully automated processing system
developed at DLR combining measurements from the sun, the geomagnetic
field and the ionosphere to generate ionospheric forecast products

http://swaciweb.dIr.de/affects/
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http://swaciweb.dlr.de/affects/

2. Early warning and forecast system

N Input data to the FSI
A Solar Wind Data e ACE data @
Ground & Spaced
based GNSS 7 TG IEpe 4#;:‘
Vertical Sounding e SAO Files #
DLR
: SR
Geomagnetic o e =
i e Geomagnetic indices B
Early Warning e Early Warning Message Sun ****:**** @
CTIPe e TEC maps @
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* The FSlis based on a multi-institutional data basis and scientific expertise
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2. Early warning and forecast system

Early Warning for GNSS users (2-3 days

Automated warning service designed for GNSS users

Is based on solar information from the Royal Observatory of Belgium and
complemented with additional information for GNSS users about possible

influences on the ionosphere.

Subscribe option at the SWACI-AFFECTS Early warning webpage to get
automated warning mails about relevant space weather events.

Von: affects@dir.de
An: knut.stanley,jacobsen@kartverket.no; satref@kartverket.no; Yngvild.linnea,andalsvik@kartverket.no; Barkmann, Henrike; Berdermann, Jens
Ce 3 i

ME arrival alert

Betref

J Nachr t &| EWLhtml (2 KB
Dear customer,
An incoming space weather event is announced. Assd
Please read the attached note (EWI.html) for detaile
Pradictad ionosphere disturbance scale: I1 - Disturbed
2014-02-08T15:00:00 (+/-12 hours)

Pradictad Ionosphers Forecast TEC maps up to 24 hours in ad

Please find further information about acronyms and s X R
Pradicted start time (UTC):
With kind regards
Your IMPC Team

Current Ionosphere Current and one hour forecasted TEC
Predictad disturbances: pectad mini Kp:2
lonospheric Monitoring and Prediction Center e R i K K
Deutsches Zentrum fir Luft- und Raumfahrt e.v. Sredicten iaturbance: pect T

in the Helmholtz-Association
German Aerospace Center

Expected Hazards Impacts on high frequency (HF) radio pd

Influenced geosraphic arsa: not specified

h Probability of incidence: 20%
phone: +49 3981 480 106

fax: +49 3981480123

/& C:\Users\bark_he\Desktop\EWLxml - Microsoft Internet Explorer bereitgestellt von T-Systems SR

() |[2] C\Usersibark he\Desktop\EWLuml v‘ ‘?|
@ Konvertieren + [ Auswihlen

i Favoriten

4 4 SOFIE - Homepage # Homepage - IONOSPHERE | DLRIntranet &) DLR Portal ] DLR Webpostkorb &) Web Slice-Katalog +

(& C\Users\bark_he\Desktop\EWLxml - E

Source: SWACI Service at German Aerospaces Centsr - DLR

Event typa: CME_arrival

Latest Prasto Message: L

Corresponding solar warning message issued by SIDC Belgium 2014-02-05T13:16:00 (UTC):

<?xml version="1.0" encoding="UTF-8" ?>
- <cme_alert>
<issued=2013-02-10T00:36:49 </issued>
<eventType>=CME_arrival</eventType>
<eventUncertainty>12</eventUncertainty =
<aventProbabilityOfArrival=10</eventProbability OfArrival=
<eventUpdateNo=0</eventUpdateNo>
<predictedlonosphereDisturbanceScale>I1 - Disturbed</predictedlonosphereDisturbanceScale >
<predictedArrivalTime >2013-02-12T10:00:00</predictedArrivalTime>
<predictedCondition0fThelonosphere>Maximum DIX: not specified - Monitoring of TEC is provided by SWACT: http:/ /swaciweb.
produkte/public/tec/tec-eu/ .</predictedConditionOfThelonosphere=
<predictedGeomagneticDisturbancesMin>expected maximum Kp: 4</predictedGeomagneticDisturbancesMin>
«<predictedGeomagneticDisturbancesMax>expected minimum Kp: 3 </predictedGeomagneticDisturbancesMax>
<expectedHazards >sImpacts on high frequency (HF) radio propagation expected. Influence on positioning and navigation is pe
<influencedGeographicArea =not specified </influencedGeographicArea=
<associatedHaloCME=http:/ fwww.sidc.oma.be/cactus/out/CMED047 /CME.html</associatedHaloCME >
<associatedPrestoMessage »http:/ /sidc.be/html/SWAPP/ presto_test/presto/2012/prestol195_realpresto.txt</associatedPres
</cme_alert>

Warning via Email

Borries, C.; Berdermann, J.; Early Warning of ionospheric disturbances for GNSS users; submitted as proceedings of the European

Navigation Conference, GNSS, 2014



Predictad start time (ITTC):
Predicted Ionosphere
Current Ionosphers

Expected Hazards
Influenced geceraphic arsa:
Probability of incidence:

Predictad ionosphere disturbance scale: I1 - Disturbed

Predicted gzomagnetic disturbances:
Predicted gzomagnetic disturbances:

Source: SWACT Service at German Asrospace Center - DLRE
Corresponding solar warning message issued by SIDC Belgium 2014-02-05T13:16:00 (UTC):

Ewvent tvps: CME_arrival
Latest Presto Message: LATEST PRESTO FROM EIDC - BWC BELGITTR

2014-02-08T15:00:00 (+-12 hours)
Forecast TEC maps up to 24 hours in advance. The onset of disturbances it
Current and one houvr forecasted TEC maps, provided by SWACT

expected minimum Kp: 2

expected maximum Kp: 4

Impacts on high frequency (HF) radic propagation expected. Influence on {
not specifisd
20%
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2. Early warning and forecast system

Early Warning for GNSS users (2-3 days)

i DLR

Forecast System

lonosphere
GNSS based TEC
Geomagnetic indices
Solar wind data
Vertical sounding
Early Warning GH $5

Advanced F

This Early Warning Message is a fast warning for space weather events potentially impacting
GNSS measurements. The Earty Warning Message for GNSS users is generated at the German

AFFECTS

Eor Ensuring Commun|

Aerospace Center (DLR) Neustrelitz using presto alert and ursigram information from the
Solar Influsnce Data Center (SIDC) Brussels.

For more information please read this link: INFO

Source: SWACI Service st German Aerospace Canter - DLR

[Fredictad ionosphere
Imm- D=
B =
OF 2y taimum DIX: not spacified Monitoring of TEC i providad by SWACH
Hazards [none
: Lrsiarsm, genersted by Solar Influence Data Center (SIDC), provides 3-
|Lstest Ursigrar day-forecast of solar and geomagnetic activity.

Predicted ionosphere
disturbance scake:

Predicted start fime (UTC):
Predicted lonosphers

Current lonosphers

Predicted geomagnetic
disturbances:

Predicted geomagnetic
disturbances:

Expected Hazards
Influenced geographic
area;

Probabiity of incidence:

11 - Disturbed

2014-02-08T15:00:00 (+-12 hours)

Forecast TEC maps up to 24 hours in sdvance. The onset of disturbances in
the ionosphere can be forecasted about 20 minutes in advance.

Current and ane hour forecasted TEC maps, provided by SWACH,

‘expected minimum Kp: 2

expected maximum Kp: 4

Impacts on high frequency (HF) radic propagation expected. Influence on
positioning and navigation is possible.

not specified

20%

Source: SWAGH Senvice af Gemman Aerospace Center - DLR

Corresponding solar warning message issued by $IDC Belgium 2044-02-05T13:16:00 (UTC}:

Evant typs: CME _snival
Latest Presto Message: LATEST PRESTO FROM SIDC - RWC BELGIUM

Early warning mes:
comespondent forr

Archive CME arrival

can be distributed via Email. T

b please use the

Benutzeranmeldung

Benutzemname:

A n

Kennwort vergessen?

AFFECTS is funded by EU

10.04.2014



2. Early warning and forecast system

AFFECTS

astEor Ensuri L

Forscast System

nformation s an IMporanT slement i The arsanal of Solsrsamasyisl MmassUrasle QUENTTES svalisDe 10
CTS; spacizally usatul I e wind Spssd gassrminad by e Amvancas Composition Sxpiorsr (ACE) spscecran s
=

For furar sclantific ume ACE data can be mainisined using Se online dats acoess provided by The Ryperinks beiow.

AFFECTS Is funded by EU
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2. Early warning and forecast system
Geomagnetic activity forecast (next 4h)

Aurcral Magn
Field Monitor
Near real Time
Aurcral Electrojet

The Dt inges fs 20 y from
y (e “ring current’). Dst Is maktained &t WDC Kiow and NEOC.

E]
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modules.
Formep 3 Indioss can Iy dowmkoaced andmp
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i L3c jodst 1402 for reguest
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CSTForecsst INFO pdf
Mear=real tine Dst forecast (2014-A2-127T11:50:37)
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Parnowski, A.; Semeniv, O.; Polonska, A.; Malisse, V.; Verbeeck, C. ; Geomagnetic forecast tool ; submitted to Journal of Space Weather and




2. Early warning and forecast system
TEC forecast over Europe (next 24h)

The forecast predicts the total electron content over Europe up to 24 hours in
advance also taking into account possible ionospheric perturbation caused by
geomagnetic storms. The underlying empirical TEC storm model is based on
identified storm patterns in the ionosphere from 1995 till 2011 over Europe and
takes into account seasonal, local time, storm time and latitudinal
dependencies. The TEC perturbation amplitude is estimated using an approach
based on Dst and solar wind correlations.

Near-real time Dst forecast (2013-12-12T14:15:00)

40_ = 1710312013 20:58 UT
Zoi .DSTRT 'E EZW ) U“l_\\r‘_»-\._mw____w jIBBlI
- = DST,, & boliinad v My :
0} DSTzh ] = 0 ) R 4 5 T £ W
0 v DST,, 10" g r T T i
207 o DST,, o e s S s s - B i Sl A
‘5405 lOJI!IIIII‘IWI.'I\f\l]'ll\"l\ll"l[l
3 60— i RIS et R S et TG D i o e i R e
80— E‘ﬁg i o W--,,
-100; >::;~:IIIII‘IJ |1|J[\HJIJH:\1LJ[|1H
-120; T :
-1401:7\ T T T T T T T T T B = ‘E: e {5 O S KT o T 4 ) L1
40 30 20  -10 0 10 20 5 5 g 0 5 20
UT [hours] UNIVERSAL TIME | hours
S If a ionospheric storm is detected (threshold values in Dst or ACE are exceeded),
the storm model is added to the undisturbed mean behaviour of TEC
i *: Borries, C.; Berdermann, J.; Jakowski, N.; Hoque, M. M.; Bothmer, V. ; Preparation of an advanced TEC forecast based on the statistical

analysis of historical ionospheric storms ; Proceedings of the 4th international Galileo science colloquium, ESA publication WPP-335, 2013.
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2. Early warning and forecast system

TEC now and forecast over Europe (next 24h)

DLR TEC forecast 1440min
2014-01-22 13:15:00 UT

Latitude []
g
=z
TECITECU

3

200w 10w O° 10°E 20°E 30°E 4H0°E

Longitude [*]

-30rW

DLR TEC forecast perturbed 1440min
2014-01-22 14:15:00 UT

Latitude []
TECITECU
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200W -1°W O° 10°E 20°E  30°E
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-30°'W 40°E BO0°E
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2. Early warning and forecast system
Auroral Magnetic Field Monitor (nowcast)

21/01/2014 23:48:00 - &
| Kontakt
1 — Printversion
= s DE EN
0'95 __ Benutzeranmeldung
~ lonosphere Data from a meridional chain of magnetometer stations located at different latitudes are Benutzemame
7 illustrated to investigate possible propagation effects of magnetic field perturbations inducedby N |
0.9 I solar wind perturbations on the magnetic field at the surface of the earth. The fraction of the _
:é - ~ Geomagnetic indices magnetic field and its maximal value are shown versus the universal time of the day in hours. &
Emg - el Ll /Active stations delivering nearly real time data are marked with green and otherwise with red
S—
° — - Ny Alesund (78.92°N,11.93 °E) Near real Time Auroral
m"' 0.85— Nord kapp (71.09 °N,25.79 “E) Elecirojet Tracker " Kennwort vergessen?
N Ti 5 o Local geomagnetic 1210212014 06:40:00
- romse (69.66 °N,18.94 °E) i
B Jackvik (e5.40°N,16.98 °E) Dstindex I —
— [
0.8 Karmoy (59.21°N,5.24 “E) EE N S
- Aivity index k %
C R@M@ (55.17 *N,8.55 °E) LTI s
- Solar wind data AFFECTS Isfunded by EU
0.75 — Vertical sounding
— S —— — Ny Mlesund prrazmysg
Early Warning GNSS —— Nordkapp qLowzs g
11| ‘ 111 ‘ 11| ‘ 111 ‘ 111 ‘ 111 | 111 ‘ 111 | 111 | L 11 | 111 | L 11 Tromsp fess naesee)
0 2 4 6 8 10 12 14 16 18 20 22 24 —— Jackvik s naeo0e
Karmoy (se.z1 1524 €
UNIVERSAL TIME / hours 3 ool e i
# Tt s0n @
S AsTROPHYSIE ¥
- w5 GOTINGEN
1l sl Lol b bl i
0 2 8 10 12 14 16 18 20 2 24
UNIVERSAL TIME [ hours
SEVE‘I,\IR'I'SGI};:‘\“I’E‘\E‘URK Magnetometer data are provided with friendly assistance of the Tromse Geophysical Observatory Faculty of Science -

&nd Technology, University of Tramse, Nonway.
http:/fflu. phys. uit. no/geoms;

Dezcription of applicstion Beneficiany Dats scceze

Preliminary studies for the perturbation TEC model DLR Online
Space Weather Workshop Boulder 2 Fraunhofe
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2. Early warning and forecast system

Vertical sounding (nowcast)

2013-02-22 Pruhonice
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Jakowski, N., Mielich, J., Hoque, M. M., Danielides, M.; Equivalent slab thickness at the mid-latitude ionosphere during solar cycle 23,

38th COSPAR Scientific Assembly, 18-25 July 2010, Bremen, Germany
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2. Early warning and forecast system

NOAA CTIPe comparison with DLR global TEC maps (validation)

e

e Real Time comparison

e Shows differences between NoAA's
physical model and DLR Global
assimilated TEC maps

e Use for validation and to better
understand the physical phenomena
that cause perturbations in TEC

Visit Poster 115
for more detailed information on the FSI

Poster Session 1:00 — 2:30 pm

SEVENTH FRAMEWORK
PROGRAM

ME
Codrescu, M. V.; Negrea, C.; Fedrizzi, M.; Fuller-Rowell T. J., Dobin, A.; Jakowsky, N.; Khalsa, H.; Matsuo, T.; Maruyama, N. ; A real-
time run of the Coupled Thermosphere lonosphere Plasmasphere Electrodynamics (CTIPe) model ; Space Weather, 2012, Volume 10,

502001, DOI: 10.1029/20115W000736.

Space Weather Workshop Boulder
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3. Dissemination — STAFF viewer

STAFF developed by ROB is a dynamical software application which allows
scientists and forecasters to consult a whole gamut of solar, geomagnetic,
and ionospheric timelines. These timelines, which were previously spread
over the internet, are now being brought together in one database, enabling
easy viewing, plotting and exporting of any combination of timelines.

http://www.staff.oma.be

B GOES X-Ray flux 0.1-0.8 nm (gquicklook) - 1655 data points (averaged - 5 minutes)
W GOES X-Ray flux 0.05-0.4 nm {quicklook) - 1655 data points {averaged - 5 minutes)

1. Large datasets
2. Speed

3. Accessibility
4. Usability

1 o
& & &
W Q‘b"‘ @ﬂ‘

Date (04 Mar 2012 00:00:00 UTC - 10 Mar 2012 00:00:00 UTC)

Example: STAFF export of a GOES X-Ray curve from March 4 until 10, 2012.



http://www.staff.oma.be

3. Dissemination — User Workshop

The following topics were addressed in the
workshop:

* Near real time dimming and EIT wave

detection
e 3D CME ana|ysis tool AFFECTS User Workshop
. Royal Observatory of Belgium,
e Coronal analysis tool February 28, 2013
e CME & solar wind arrival and impact forecast e
space weather products:
tool '

Near real time dimming and
EIT wave detection

* Flare, CME, geomagnetic, auroral, ionospheric S
forecasts & alerts

Coronal analysis tool

CME & solar wind arrival and
impact forecast tool

¢ FO reca St Of pe rtu rbed TEC Flare, CME, geomagnetic, auroral,
A . . ' ionospheric forecasts & alerts
e Solar activity and space weather timelines Forecast of perturbed TEC
. Solar activity and space weather
VI ewe r timelines viewer

Forty-four persons participated to the workshop, which was a great success

i judging from the contacts during and after the workshop as well as from the
guestionnaires that we asked our users to fill in.
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3. Dissemination — Mobil phone app

To ensure the coverage of as broad user community as possible, it was decided to

develop two versions of the app for Google Android and Apple iOS platforms with
slightly different content to better target relevant user communities.

‘ Python / Django ‘
HTTP

Service #1 requests

Server

Data collector

Service #2 Android
lava
MyYSQL

AFFECTS
Service #3 P

mobile app
Datab ase
ASCII output @3’
via HTTP
App support
PP supp API

module

=] T E oS

lel AFFECTS lel AFFECTS (JS "0) Objectfvec

Onr o, 0% AFFECTS
@f‘H
7‘7;,:,) mobile app
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Summary

In the EC FP7 project AFFECTS, European and US scientists have developed an

advanced prototype space weather warning system to help mitigate space

weather effects on the operation of telecommunication and navigation

systems

e The EC programmes (e.g. FP7, recently H2020) are a great opportunity for
teaming up an international consortium to face European and even Global
problems or hazards

e The AFFECTS team is especially thankful to the NOAA-SWPC colleagues for

joining the consortium as EU-U.S. research collaborators

The research leading to these results has received funding from the European
Commission's Seventh Framework Programme (FP7/2007-2013) under the grant
stveniramework | adgreement n° 263506 (AFFECTS project, ).
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http://www.affects-fp7.eu/

Thanks for your attention!

Contact:

German Aerospace Center

Institute of Communication and Navigation
" THE SUN

Dr. Jens Berdermann GERREN. ON YOU
y WATCH OUT

Kalkhorstweg 53 FOR SOLAR STORMS
D-17235 Neustrelitz AFFECTS
Germany

fon: +49 3981 480 106
fax: +49 3981 480 123
mail: jens.berdermann@dlr.de

The research leading to these results has received funding from the European
Commission's Seventh Framework Programme (FP7/2007-2013) under the grant
e agreement n°® 263506 (AFFECTS project, ).
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