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Al and neural network methods
Forecasting with NN and services for users

Real space weather events: Bastille event
2001, Halloween event 2003, November
event 2004 and events in January and
September 2005.

Today’s event




Lund Solar Activity Model
(LSAM)

\
.

l, Hybrid Physics-Based ]

Neural Network Model

that uses as that explores that uses that further tha faclXatas (orecasting;

: i . and finally merges all
input solar data solar data using neural networks also includes " N'III d 9
wavelet methods to discover e - Knowledge,
to first produce a inta a so called

solar activity

[ k]
lsTTJ

neural network numerical laws theory neural network
[l [l
1 G G 1y

Indicators of [ Preprocessor J [ New } Solar activity [ Postprocessor




Workshops on ”Artificial Intelligence Applications in
Solar-Terrestrial Physics” were held in Lund 1993
and 1997. A third workshop was held in

September 19-21, 2005




The basic element of every ANN 1s an artificial neuron or
simply a neuron (which 1s an abstract model of a
biological neuron (nerve cell)).

Multi-layer error-back-propagation (M LBP)
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Back-propagation learning : AW, (#+1) =—1 315 + 0L AW, (1)
1]
Error measure : E =%Z (dl-“— al.“ )’
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Self Organized Map (SOM)

Kohonen learning :

Neighborhood function :
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oft, Operational forecasts of the geomagnetic Dst index,
Geophys. Res. Lett., 29, 34-1--34-4, 2002.

. Set x = (0.39,0.22, —0.83,0.14)"
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2. Get the hrst observation of ., n, and V.
Input ;
1

] 3. Compute u = (wy, ua, wz)’ from Eq. 7.
layer w.

4. Compule x — tanh {Wr[l-]u + Wity + b':]:'].
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i. Compute Dst from Eq. &
7. Get the next observation of 5., n, and 1/,
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The weights and biases are
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The normalization transforms B. £ [=30,+30] nT,
noe [[1. |'2[l] e~ Vo€ :'E[Jl], Ii]ﬂ“] km/s, and Dsf
(=250, 4+50] 0T to the [—1, +1] interval.

The output from the network is described by the following

—— dDst’
At

The ARMA filter is obtained by adding auto-regressive terms to [EESIUEEEIEREHI Z w; u; (t) Z'“‘_.{j.':'u'ﬂf.ffl Fb ) (9)
a MA filter.The partial recurrent network (Elman) becomes i=1 i=1

i

gm+u_2}$uﬂ—u+m% (10)
activations functions. im1

=0 - ADst
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identical to a linear ARMA filter if it is assigned linear



Input parameters

KBNM
method

Reference

Daily sunspot number

Daily sunspot number

SOM and
MLP

Liszka 9397

Monthly sunspot number

Date of solar cycle
max and amplitude

MLP and
Elman

Macpherson et al.,
95, Conway et al, 98

Monthly sunspot number
and aa

Date of solar cycle
max and amplitude

Elman

Ashmall and Moore,
98

Yearly sunspot number

Date of solar cycle
max and amplitude

MLP

Calvo et al., 95

Mclntosh sunspot class &
MW magn complex.

X class solar flare

MLP expert
system

Bradshaw et al., 89

Flare location, duration

X-ray and radio flux

Proton events

MLP

Xue et al., 97

X-ray flux

Proton events

Neuro- fuzzy
system

Gabriel et al., 00

Photospheric magnetic
field expansion factor

Solar wind velocity
1-3 days ahead

RBF & PF
MHD

Wintoft and
Lundstedt 97;99




Input parameters

Reference

Solar wind n, V, Bz

Relativistic electrons in
Earth magnetosphere
hour ahead

Wintoft and Lundstedt, 00

Solar wind n,V, Bz,
DI

Relativistic electrons
one hour ahead

MLP, MHD,
MSFM

Freeman et al., 93

2Kp

Relativistic electrons
day ahead

MLP

Stringer and McPherron, 93

Solar wind V from
photospheric B

Daily geomagnetic Ap
index

MLP

Detman et al., 00

Ap index

Ap index

MLP

Thompson, 93

Solar wind n, V, Bz

Kp index 3 hours ahead

MLP

Boberg et al., 00

Solar wind n, V,
B,Bz

Dst 1-8 hours ahead

MLP, Elman

Lundstedt, 91; Wu and
Lundstedt, 97

Solar wind n, V,
B,Bz

AE 1 hour ahead

Elman, MLP

Gleisner and Lundstedt,00
,Gavrishchaka et al.,00, 01
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Input parametrs

Output

KBNM method

References

Solar wind V2B,
(nV?)12 LT, local
geomag Ax®, AYY

Local geomagnetic
field AX, AY

MLP and RBF

Gleisner and
Lundstedt 00

Solar wind n,V, Bz

None, weak or
strong aurora

MLP

Lundstedt et al., 00

foF2

foF2 1 hour ahead

MLP

Wintoft and
Lundstedt, 99

AE, local time,
seasonal information

foF2 1-24 hours
ahead

MLP

Wintoft and Cander,
00

foF2, Ap, F10.7 cm

24 hours ahead

MLP

Wintoft and Cander,
99

2Kp

Satellite anomalies

MLP

Wintoft and
Lundstedt 00

Solar wind n, V, Bz

dBx/dt, GIC

Elman, MLP

Kronfeldt et al., 01
and Weigel et al.,02

Lundstedt, H., Progress in space weather predictions and applications, Adv. in Space Res.,
36, 2516-2523, 2005.




20hPa = 26km
70hPa = 18km
150hPa = 14km
300hPa = 9.2km
700hPa = 3.0km

GPH 20hPa

GPH 150hPa

GPH 70hPa

* The nepative NA Q) index phase
shows aweale subtropical high
and wealc Icelandic low.

# The reduced pressure pradient
results in fewer and weaker
winter storms crossing on a
more west- east pathway.

» They bring moist air into the
Mediterranean and cold weather
to northern Europe.

® The US east cost expeniences
more cold air outbrealks and
hence snowy winter conditions.

» Greenland, however, will have
milder winter temperatures.

M bk PO, 2000

GPH 300hPa

Observed NAO

Observed Prec — monthly averages [GWh]
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Solar observations
with SOHO make
warnings 1-3
days ahead
possible.

1.5 = 108 km
to Earth

Solar wind observations with ACE make
accurate forecasts 1-3 hours ahead possible.
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act Danial. L. Real @noas.gov (ver 002)

ISES Director: D. Boteler

Deputy Director: H. Lundstedt

Secr. for World days: H. Coffey

Secr. Space Weather: J. Kunches | .

WWW for Satellites: J. King = @{@"
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Welcome to ESA Space Weather Forecast Service

ESA SPACE WEATHER FORECAST SERVICE

USER GUIDE

‘What is Space Weather?

TRRRFINNEINEN




Welcome to Lund Space Weather Forecast Service

LUND SPACE WEATHER FORECAST SERVICE

USER GUIDE

‘What is Space Weather?

+ Clogsary

T 14 r
+ Visual Dictionay ACE

Specific User Information

Kp + Dst + AE + GIC forecasts

Latest Kp-Forecast from: Tue Dec 04 10:00:00 CET 2001
Kp Forecast: 1.7
Kp Forecast Valid to: Tue Dec 04 13:00:00 CET 2001

Latest Dst-Forecast valid for: Tue Dec 04 14:19:31 CET 2007
Forcasted Dst = -5 nT
Dst Forecast is updated every 10 minutes.

Latest AE-Forecast valid for: Tue Dec 04 14:55:01 CET 2001
Forcasted AE = 3,043 nT
AE Forecast is updated every 5 minutes.

Latest GIC-Prediction from: Tue Dec 04 13:52:47 CET 2001
Predicted Current: -2,812 A
GIC Forecast valid to: Tue Dec 04 14:39:25 CET 2001

Laiesi Info

Gesa

oS EFANNAZaEn




& .8 6 ESA CIC Pilot Project

[« » [0 ][ +] @ nitp:/ swww.lund.irfse gicpilots

|[||J'|kﬂ||],|]|'“'

ESA Pilot Project
Real-time forecast service for geomagnetically induced currents

Lund

Swedish Institute of
Spag ysics

Learn more about GIC

The goal of the project is to develop a forecast
service 1o be used by electrical power
the effects of

IRF-Lund

etically induced currents (GIC) caused
by the spuce weather Swedish power companies

Metatech Corp
Nordic GIC waork
Topical Group Ground Effects

users of the service and shall
rt in the project

service developer is the Swedish Institute
Physics (IRF) in collaboration with

Documents and Data

innish Metcorological Institute (FMI).

P e
: et poste 3
implement ! ice. and 4 * lnternal information Prototype GIC Forecast Service

cost-bene! e sel The service
pace
ET)

‘The power transmission network

‘L'ons“ Gesa in northwestermn Europe
SWENSKA ELFORETAGEN S FORSKNINGS- OCH UTVECKLINGS - ELFORSK - AB EOODEOEONDNDESEEN »

Contact Henrik Lundstedi, Swedish Institute of Space Physics in Lund

Warnit Short-term forecasts

2 long beforehand

o dB/di ai Brorfelde and Uppsala
® GIC for one station in Southern Sweden

® Active regions’ Sunspots on far side ?
o Front side halo Coronal Mass Ejections 7
. wind shock ?

¢ GIC for any station in Southern Sweden and for
) current power grid configuration (internal)

o Geom Li¢ storm




& &8 RWC-Sweden

| | L] ‘ (3] http: / fwww.lund.irf.se/rwe/

Regional Warning Center Sweden
of
International Space Environment Service

Glossary and Dictionary

e Solar and space weather glossary

rch and Applications
o NOAA space weather scales

Contact Information
ISES home

Director - D.Boteler
Space Weather Now
Deputy - H.Lundstedt
T'he solar activity is increasing (7-day forecast).
Secretary Space Weather - J.Kunches

Active sunspol region 649 poses the greatest threat for a major solar flare
Secreta

I'he holographic images (SOHO/MDI) reveal a big sunspot on the far side of the Sun.

Earth is not nside a fast solar wind from a coronal hole

Rymdviidret nu

Solal clen dr Gkar (7-dagars prognos).

Aktiva solflicksomridet 649 kan producera en kraftig "solar flare”.

De holografiska (SOHO/MDI) bilderna visar en stor solfliicksgrupp pa solens baksida.

orden ligger inte inuti en snabb solvind frin ett koronahdil.




Sunspots
dckar

SOH

Sunspot number (SEC)
Latest active region summary (SEC}
Solar cycle progress (SEC/ISES)

Solar cycle 24 (Lund}

Solar magnetic field
Solens magnetfilt

Solar wind
Solvinden

ACE RTSW (Estimated) MAG & SWE

Solar flares
Stralningsutbrott

Coronal mass ejections
Solplasmautbrott

Coronal holes
Koronahal

SOHO/EIT SOHO/LASCO

Solar X-ray flux (SEC) GOES proton flux (SEC)

Earth's magne
Jordens ma

e e

Deflection (n T}

| ST
Ut {hewra)

The plot show

iation from the expected means of the three components (X
and Z) of the geomagnetic field




-Sweden

FORECASTS

Solar activity - Cycle 24 Solar act ¢ 1-5 weeks Solar activty 1-2 weeks Solar activity 1-3 days
Solaktiviteten - Cykel 24 Solaktiviteten 1-5 veckor Solaktiviteten 1-2 veckor Solaktiviteten 1-3 dagar

Lund LMSAL SOHO/MDI SEC/NOAA

Solar Observatory

Solar Wind Speed Shocks

-eusntLIENSLNIEE

Satellite Anomalies . Aurora Geomagnelic activity Geoelectric field/GIC
2 Radio Blackouts % : z .. .
Satellitproblem Norrsken Jordmagnetisk aktivitet Jordelektriska filtet/JIS

SEC/NOAA
Lund RS Lund DstiLund) and Kp(Lund Lund

DATA

Solar-Terrestrial Data Plotter
Data
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FYCY Y SEC's Space Weather Now

| « [ |?| |T| 3 http:/ fwww.seC.noaa.gov/SWN/ @ Q-

X1 Virwal Science Center LWS 1 - SOHO 19 Daily North .. ction Center Komplett.se Torget Ljud ...eokamera.. InFocus® > 5. and Africa

Lectures.html| b

National Weathe SB vice
Space Environment Centex

Site Map News L:2D U2l Enter Search Here

Search SEC

SEC search -Ca
jescsaaet | Space Weather Now

SEC Home Page Updated: 2006 May 01 1650 UTC (May 01 1050 MDT)

Current Conditions SXI Solar X-ray Imager NOAA Scales Activity

Alerts/Warnings Range 1 {minor) to 5 (extreme)

Space Weather Now

Today's Space Wx NOAA Scale Past 24 hours Max. Current

Data and Products Geomagnetic Storms none none
Alerts & Forecasts
Reports/Summarles Solar Radiation Storms none none
Space Wx Models i
BoiariGo.a. lndk Radio Blackouts none none
Measurements

Suppaat Sorvions 2006 May 01 1647 UT
About SEC Latest Alert: May 01 0628 UTC ALERT: Type Il Radio Emission
Emall Products Last Advisory Bulletin None In last 7 days.
Space Wx Week
Education/Outreach Real-Time Solar Wind Pages
Customer Services

Contact Us

SEC Contacts
Webmaster

Moo

nFa
Average over last 15 minules

EECMEES emymme

www . weather.gov /

PATH
-
- o

T~
-
=
=
-







Solar-Terrestrial
ISES Alert and Forecast
ISES Plain report from RWC's to Tokyo

Solar Activity Chart
omagnetic Actvity Chart

A A
2006-4-30

Gex

Y
J el

.

.v’",,n S

Solar . Interplanetary

Real Time Solar Wind Plot (1day)
Plot Archive (every 1 day

Sector & Corotation

Solar Image Data Base
Hiraiso Radio Spectrograph(HiRAS

(2]
Bl o Sotmasa Canada
Home Current Space Weather Effects on [NRCan |
Data | Geomagnetism hnology  [CSA
Welcome to the homepage of the Solar Influences Data Analysis Center - SIDC.
The SIDC Is a research group for solar physics at the Royal Observatory of Belgium. - RWC Canada ISES Regional Warning Centre for Canada
g:&r;ﬁn;:g:}:ﬂ?:hf&:l::ﬂWom ‘Il}:gln Conter for the sunspot index and the Reglonal Warning Foreomsts Geomagnetic Field - CURRENT STATUS 2006 05 01 17:00 UT
5 i Polar Unsettled
r— N ) o - What is Space
- Weather? Auroral Quiset
Sub-auroral Quiet Latest Forecast

Latest Naws

Apr 12, 2000: Total Solar Ecipse The Canadian Space Weather Forecast Centre in Ottawa is operated by

Mar 28, 2008: Tho new SIDG wabsit - ISES Matural Resources Canada (NRCan), with support from the Canadian Space
Agency (CSA). It is a Regional Waming Centre (RWC) of the International
Space Environment Service (ISES, formerly IUWDS). The ISES global

SpaceWeather
Research in Canada

Fab 23, 2006: The statc Sun - Regional Warmning

D il of b Centres network monitors a variety of parameters that help to characterize the
Dioa 8, 2008: Birthday of SOHO ] - Space Weather conditions on the Sun, in space between the Sun and Earth, and on the
Links Earth. The data are used by Regional Warning Centres and others to develop
alick horo for all SIDC nows lloms :
Space Weather warnings and alerts.
Latest Forecast [its ¢
HOME This activity contributes to the pricrities of the Earth Sciences Sector:
Geomag HOME = Natural hazards and emergency response

V0427 Wit poak Bme 15:52

Last modified: 2006-04-4 Important notices

. Tho SIC - AWE Balghum oxpocts [moro]
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2003/10/14 07:22

Obs_2003.10.15_12h

Earthside

*No sunspots (R=24)

e Aurora observed in

Southern Sweden
(Gothenburg, Lund)

e Media got interested

e SOHO/MDI far side
images had told me
Large ARs were to come




2003/10/28 11:12 2003/10/28 1242~ o LD

eEven more interviews

e Warnings and reports were sent to
power industry

 Discussions with power operators




D o Fifte :-/'\ /-\_-M 22
ower outage Viaimo

| & © 5

2003-10-30 at 21:07:15 (20:07:15 UT) The tripang of a 130-kV power line in the Malmd caused
an outage of 50 000 customers. The outage time ranged from 20 to 50 minutes.
(Sture Lindahl, ELFORSK report 2004)

The halo CME

arrived ~16.20-30UT

October 30, 2003:
Dst = - 342nT

2003/10/29 21:42% 5% 25, P e

eden, October 30, 2003

REF Segerstad - Gislaved [143.217.176.5-G10_MRKA010
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omsvt aboutswt hjalp kontaktaoss 2003-10-31 15:16

forstasica ' Solmagnetisk stérning bakom strémavbrott?

tv-guide Valdsamma utbrott pﬁ L MALMO Sydkraft misstinker att det var solmagnetisk stérning som orsakade ett
Sol » Battre for l&nderna utanfar Farstasida timsldngt stromavbrott | Malmt pd torsdagskvillen.

olen EMU TVoguid
» Firslag om avlyssning direkt gulce
| telenat Nyheterna

20:19 Roda korset magnetstormar. Solen ar just nu inne i en mycket  © Terrormisstankt 37-aring Noje
minskar Irak- vildsam fas. Satelliter, elnat och telefonsystem fvar i haktet
bemanningen » kan i varsta fall skadas. » BB i Kiruna ska oppnas igen 5
» Misstankt mutharva pa Cityguider
20:00 Battre for Forskarna p2pekar dock att dettz ar helt normalt.  Arlanda Blip/Spel
landerna utanfir Solens aktivitet pendlar stindigt mellan lugna och  » Valdsamma utbrott p2 Solen V4 ol
EMU = valdsamma perioder i en elvadrig cykel. » Aklagaren: Skandiautredning 4 plus
) Just nu befinner vi oss vid maximum av en sadan fortsatter Med i tv
ta e Tl st cykel. Det marks framst genom att det bildas } "Renoveringar doldes i V4 Info
Redaktion 3"“'5?”'”9 direkt i ovanligt m2nga flackar p2 solens yta. bokfaringen”
Syt text e Solfiackarna leder il valdsamma utbrott eller » Forundersdkning mot tre y
regionalt solfacklor d2 miljontals ton gas kastas ut Clamdiaboter Hilsa I\{iﬂdsam fas
y rymaen. » Férundersékning mot f.d. Lattfo Lajhan e
Skandiachefer

20:32 Brittiske
rInrikes Taryledaren
Utrikes tvingades avgd » 2003-10-29 17:16
Gigantiska utbrott, enorma gasmaln och

Stora delar av centrala Malmé drabba ¥ 50 0OD
hushall utan el. D Hng SO S ut, men trots
har
ningarn
seLar mar
SDDH&‘I‘I solstorma
Stromavbrottet intraffz
gskn och

delser som intr
kerar att

Y vV vyvywvywvyvyw

Bingolotte

sport vt Mat & Dryck -

vider rapport Kan orsaka stérningar N&r & Fiarran it d a uth . ] "“'E nital
samhille Redan under gardagen observerades ett enormt Fler Inrikesnyheter » ::ldhri_‘l!n glVaidcn a -:-;,JL:_M, -’JILLI“U . Bide pa tisda
utbrott - ett av de stérsta som noterats sedan ™ h.ﬁ

matningarna barjade fér 25 ar sedan. Idag Mut e

néddes jorden av gasmolnet. K‘.’ U&" skl

noje Vid kollisionen uppstod en h&ftig storm som ap al

kul kraftigt paverkade jordens magnetfalt innan det
ultur hastigt uppléstes. Fler liknande utbrott med jter A-O & h
film &drama magnetstormar vantas intréffa den narmaste
Konsumant tiden. Text-tv SW » llknande incidenter
= Senaste "
Jamtland och Narke

mat &dryck sandningen Stormarna ger upphov till magnifika norrsken. Sik pd internet: g A L R T RaN 3
hem &hilsa Men de kan ocksa orsaka stérningar som sl&r ut I_; 3 om- Maimb arahbacles av. sefimayhiotoat iapnlaces i
a Kraftnats transformatorer | Jamtland och Narke (fran.

natur elfgrsorjningen. Ett utbrott 1989 slog tex. ut (3] Vrkd h ) R - 55T ot
h 24| oiREKT strémmen dver en stor del av Kanada och delar ek ; : an kopplas In igen utan ndgra
arkiv av Europa. L TENER et 3 a :

video Fast egentligen &r detta fenomen enligt forskarna stramm Fe

chatt &ferum = Till tablén inte sarskilt dramatiskt. Solflackar ohserverades : : | ! ! . er Sture Lares
redan under romartiden och har studerats Znda k direktor pa 5 Kraftnat, till ]

butiken sedan de farsta teleskopen konstruerades pd Institutet far rymdfysik | Kiruna visar ocksa

barn ¥ Senaste
ungdom sandningen

= Se sandningen

Every TV, radio o

u- Klockan 21
21.06u0 och 21,

station and newspaper

Magnus Stattir

had something




"Circuit breakers for several power lines and transformers were tripped from the most
sensitive non-directional residual overcurrent relays. More than 50% of the
disconnected objects were energized within 1 to 5 minutes, either by automatic
switching equipment of by manual switching operations. In the other case, it took
some 25 to 90 minutes to inspect the disconnected objects before they were
re-energized.

Following disconnections were reported:

» 2003-10-29 at 07:11:42: A 220-kV power line from a power station in Harjedalen
was disconnected and 140-MW generation was disconnected.

* 2003-10-29 at 07:12:29: A 130-kV power line in Ostergétland was disconnected.
the same line was disconnected a second time at 08:04:10

» 2003-10-29 at 07:46:04: The 400-kV power line from Hemsj6 to Karlshamnsverket
caused the interruption of 300 MW power import from Poland via the HVDC-link
SwePol link.

« 2003-10-30 at 20:55:28. A 400/220-kV transformer near Ostersund.

« 2003-10-30 at 21:03:43: A 400/130-kV transformer near Orebro caused overload in
the 130-kV network.

» 2003-10-30 at 21:03:44: A 130/10kV transformer near Norrkdping was tripped.

» 2003-10-30 at 21:07:15: The tripping of a 130-kV power line in the Malmé caused
an outage of 50 000 customers. The outage time ranged from 20 to 50 minutes.

« 2003-10-30 at 21:08:00: A 130-kV power line from Orebro.

* 2003-10-30 at 21:08:32: A 130 kV power line near Boden.

*Increased temperature:

» 2003-10-29 at 08:00:00: High temperatures in the step-up transformer of Oskarshamn
2 nuclear power unit, which was repeated several times.”

( Lindahl, S.X., Effect of Geomagnetically Induced Currents on
Protection Systems, pp.132-133, Elforsk report 03:34, 2003)
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farzide Earthzside

Jrmtof /PM

2003/11/18 11:42

Kiruna magnetogram 2003-11-20




DI Magnetagram B—Nov-2004 12:

Forecast issued 20@4-11-18 232:208:88 CET.

38 minute forecast of local 18 minute RMS and maximum GIC.
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Proton events

Severe geomagnetic storms
Aurora seen 1n Arizona
Satellites failure




On September 7, 2005 an X17 solar flare occurred(!) and we have had as many severe geo-
magnetic storms and X flares in 2005 (i.e. close to sunspot min) as during Solar Max (2000)!

Strong solar surface magnetic field Coronal flare, CME/proton activity
activity represented by sunspots and coronal hole/fast solar wind

SES Solar Cycle F10.7cm Radio Flux Progression
Deta Through 31 Aug 05
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