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Outline of my fourth talkOutline of my fourth talk

• AI 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



Hybrid physics-based neural networkHybrid physics-based neural network



Workshops arranged by usWorkshops arranged by us

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



Artificial neural networksArtificial neural networks

The basic element of every ANN is an artificial neuron or 

simply a neuron (which is an abstract model of a 

biological neuron (nerve cell)).



Synoptic map

of WSO
Synoptic map

of WSO



Download Lund Dst model in Java and

Matlab (www.lund.irf.se/dst/models)

Lundstedt, H., Gleisner, H. and P. Wintoft, Operational forecasts of the geomagnetic Dst index,
Geophys. Res. Lett., 29, 34-1--34-4, 2002.

Download Lund Dst model in Java and

Matlab (www.lund.irf.se/dst/models)

Lundstedt, H., Gleisner, H. and P. Wintoft, Operational forecasts of the geomagnetic Dst index,
Geophys. Res. Lett., 29, 34-1--34-4, 2002.

The ARMA filter is obtained by adding auto-regressive terms to
a MA filter.The partial recurrent network (Elman) becomes
identical to a linear ARMA filter if it is assigned linear

activations functions.



ApplicationsApplications

Wintoft and
Lundstedt 97;99

RBF & PF
MHD

Solar wind velocity
1-3 days ahead

Photospheric magnetic
field expansion factor

Gabriel et al., 00Neuro- fuzzy
system

Proton eventsX-ray flux

Xue et al., 97MLPProton eventsFlare location, duration

X-ray and radio flux

Bradshaw et al., 89MLP expert
system

X class solar flareMcIntosh sunspot class &
MW magn complex.

Calvo et al., 95MLPDate of solar cycle
max and amplitude

Yearly sunspot number

Ashmall and Moore,
98

ElmanDate of solar cycle
max and amplitude

Monthly sunspot number
and aa

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

MLP and
Elman

Date of solar cycle
max and amplitude

Monthly sunspot number

Liszka 93;97SOM and
MLP

Daily sunspot numberDaily sunspot number

ReferenceKBNM
method

OutputInput parameters



ApplicationsApplications

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

Elman, MLPAE 1 hour aheadSolar wind n, V,
B,Bz

Lundstedt, 91; Wu and
Lundstedt, 97

MLP, ElmanDst 1-8 hours aheadSolar wind n, V,
B,Bz

Boberg et al., 00MLPKp index 3 hours aheadSolar wind n, V, Bz

Thompson, 93MLPAp indexAp index

Detman et al., 00MLPDaily geomagnetic Ap
index

Solar wind V from
photospheric B

Stringer and McPherron, 93MLPRelativistic electrons
day ahead

�Kp

Freeman et al., 93MLP, MHD,
MSFM

Relativistic electrons
one hour ahead

Solar wind n,V, Bz,
Dst

Wintoft and Lundstedt, 00MLPRelativistic electrons in
Earth magnetosphere
hour ahead

Solar wind n, V, Bz

ReferenceKBNM
method

OutputInput parameters



ApplicationsApplications

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

Elman, MLPdBx/dt, GICSolar wind n, V, Bz

Wintoft and
Lundstedt 00

MLPSatellite anomalies�Kp

Wintoft and Cander,
99

MLP24 hours aheadfoF2, Ap, F10.7 cm

Wintoft and Cander,
00

MLPfoF2 1-24 hours
ahead

AE, local time,
seasonal information

Wintoft and
Lundstedt, 99

MLPfoF2 1 hour aheadfoF2

Lundstedt et al., 00MLPNone, weak or
strong aurora

Solar wind n,V, Bz

Gleisner and
Lundstedt 00

MLP and RBFLocal geomagnetic
field �X, �Y

Solar wind V2Bs,
(nV2)1/2, LT, local
geomag �xe,�Yw

ReferencesKBNM methodOutputInput parametrs

Lundstedt, H., Progress in space weather predictions and applications, Adv. in Space Res.,

36, 2516-2523, 2005.



Solar wind E parameter correlated with atmospheric pressure

Forecasts of NAO from solar activity and solar wind E
Solar wind E parameter correlated with atmospheric pressure

Forecasts of NAO from solar activity and solar wind E

20hPa = 26km

70hPa = 18km

150hPa = 14km

300hPa = 9.2km

700hPa = 3.0km



Real-time forecasts and warnings based on KBNReal-time forecasts and warnings based on KBN

Solar wind observations with ACE make
accurate forecasts 1-3 hours ahead possible.

Solar observations
with SOHO make
warnings 1-3
days ahead
possible.

Solar input data



Today general forecast service is

given by RWCs within ISES
Today general forecast service is

given by RWCs within ISES

ISES Director: D. Boteler
Deputy Director: H. Lundstedt
Secr. for World days: H. Coffey
Secr. Space Weather: J. Kunches
WWW for Satellites: J. King



ESA/Lund Space Weather

Forecast Service Package
ESA/Lund Space Weather

Forecast Service Package



Latest information on forecasts of Kp, Dst, AE

and GIC
Latest information on forecasts of Kp, Dst, AE

and GIC



Implemeted real-time GIC forcasts to a user:

ESA GIC Project
Implemeted real-time GIC forcasts to a user:

ESA GIC Project



RWC-SwedenRWC-Sweden



RWC-Sweden webRWC-Sweden web



RWC-Sweden webRWC-Sweden web



ISES RWS CentersISES RWS Centers



RWC-USARWC-USA
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ISES RWS Centers

China,Japan,Belgium,Canada

ISES RWS Centers

China,Japan,Belgium,Canada



The October 14 -November 6 events:

It all started with no sunspots

The October 14 -November 6 events:

It all started with no sunspots

•No sunspots (R=24)

• Aurora observed in
Southern Sweden
(Gothenburg, Lund)

• Media got interested

• SOHO/MDI far side
   images had told me

Large ARs were to come



Then came the AR 486,

October 28 event

Then came the AR 486,

October 28 event

•Even more interviews

• Warnings and reports were sent to
power industry

• Discussions with power operators



Power outage in Malmö
2003-10-30 at 21:07:15 (20:07:15 UT) The tripping of a 130-kV power line in the Malmö caused

  an outage of 50 000  customers. The outage time ranged from 20 to 50 minutes.
(Sture Lindahl, ELFORSK report 2004)

Power outage in Malmö
2003-10-30 at 21:07:15 (20:07:15 UT) The tripping of a 130-kV power line in the Malmö caused

  an outage of 50 000  customers. The outage time ranged from 20 to 50 minutes.
(Sture Lindahl, ELFORSK report 2004)

Power Outage in Southern Sweden, October 30, 2003

The halo CME
arrived ~16.20-30UT
October 30, 2003: 
    Dst = - 342nT

Courtesy Sydsvenskan Bild.



The power failure got enormous media

attention in Sweden and around the world

The power failure got enormous media

attention in Sweden and around the world

Every TV, radio
station and newspaper
had something



Grid impacts in Sweden

Halloween 2003
Grid impacts in Sweden

Halloween 2003

"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 Härjedalen
  was disconnected  and 140-MW generation was disconnected.
• 2003-10-29 at 07:12:29: A 130-kV power line in Östergötland 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 Hemsjö 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 Östersund.
• 2003-10-30 at 21:03:43: A 400/130-kV transformer near Örebro caused overload in 
  the 130-kV network.
• 2003-10-30 at 21:03:44: A 130/10kV transformer near Norrköping was tripped.
• 2003-10-30 at 21:07:15: The tripping of a 130-kV power line in the Malmö 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 Örebro.
• 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)



And then ….X28 (45) !!!! solar flare

on November 4, 2003 (ESA Space Weather Meeting)
And then ….X28 (45) !!!! solar flare

on November 4, 2003 (ESA Space Weather Meeting)



Active Regions 484/486/488

one rotation later
Active Regions 484/486/488

one rotation later



The Sun

GIC measurements vs GIC forecasts

November 6-11, 2004

The Sun

GIC measurements vs GIC forecasts

November 6-11, 2004



Events in January 2005Events in January 2005

Proton events
Severe geomagnetic storms
Aurora seen in 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 
activity represented by sunspots

Coronal flare, CME/proton activity
 and coronal hole/fast solar wind

Rz and F10.7 are no good indicators of

coronal activity (1D): The activity in

September 2005 might not be unusual!

Rz and F10.7 are no good indicators of

coronal activity (1D): The activity in

September 2005 might not be unusual!



Today’s space weatherToday’s space weather



THE END

Thanks!

THE END

Thanks!


