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Space Weather Applications
at different stages

Space Weather Applications
at different stages

R e s e a r c h  a n d  e x p l o r a t i o n  s t a g e

1 ) A p p l i c a t i o n s  b a s e d  o n  f o r e c a s t i n g  s o l a r  a c t i v i t y  ( i . e .  t h e  d r i v e r of 

s p a c e  w e a t h e r )  a n d   c l i m a t e (users: power and tourist  industry and agriculture)

a ) I m p r o v e d  s o l a r  a c t i v i t y  f o r e c a s t s  n e e d e d  

b ) I m p r o v e d  s o l a r -c l i m a t e  c o u p l i n g  k n o w l e d g e  n e e d e d

I m p l e m e n t a t i o n  s t a g e

2 ) A p p l i c a t i o n s  b a s e d  o n  f o r e c a s t i n g  G I C (users: power industry)

a) I n t e g r a t i o n  o f  a  c u r r e n t  k n o w l e d g e  i n t o  a n  i m p l e m e n t a t i o n

b )     C l o s e  c o l l a b o r a t i o n  w i t h  t h e  u s e r s

C o m m e r c i a l i z a t i o n  s t a g e

3 ) A p p l i c a t i o n s  b a s e d  o n  f o r e c a s t i n g  a u r o r a (users: tourist industry and public)

a ) M a r k e t i n g

b ) S e l l i n g  p r o d u c t s

Forecasting solar activity and climate 
change: An application at research and 

exploration stage

Forecasting solar activity and climate 
change: An application at research and 

exploration stage

Highest  Priority!

”Determine how and why the Sun varies (for assesessment of past  & 
future role in global climate change).

Identify and understand mechanisms by which solar varibility affects 
climate (and possibly weather)” G. Withbroe

G o a l  o f  L W S

” D e v e l o p  t h e  s c i e n t i f i c  

u n d e r s t a n d i n g  n e c e s s a r y  

t o  e f f e c t i v e l y  a d d r e s s  

t h o s e  a s p e c t s  o f  t h e

c o n n e c t e d  S u n -E a r t h  

sy s t em tha t  d i r ec t l y  

a f f e c t  l i f e  a n d  s o c i e t y ” .

Our new research tools and 
approach

Our new research tools and 
approach

• Physics  based neural  network models

( t h e  f i r s t  o f  a  s e r i e s  o f  p a p e r s  h a s  j u s t  b e e n  a c c e p t e d  G R L )

• N e w  W a v e l e t  t r a n s f o r m s  t h a t  c a n  s t u d y  

ve ry  l ow  S /N  s igna l s  and  de t ec t  new osc i l l a t i ons

( t h r e e  p a p e r s  a r e  o n g o i n g )
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Download latest Lund Dst model 
in Java and Matlab (www.lund.irf.se/dst/models)

Download latest Lund Dst model 
in Java and Matlab (www.lund.irf.se/dst/models)

We have managed to extract new physics  

from this recurrent network (GRL paper) .

Hel iose ismologica l  resul ts  g ive  new 
inputs  to  so lar  act iv i ty  forecast  models  

Hel iose ismologica l  resul ts  g ive  new 
inputs  to  so lar  act iv i ty  forecast  models  

MDI shows how the dynamo changes   
(1.3y) MDI shows how magnetic elements form sunspots

Sunspots are footpoints of
emerging magnetic flux tubes

Sunspot observed from La Palma

Dynamo equation, neural 
networks and solar input

Suddenly a Maunder minimum!Suddenly a Maunder minimum!

In the beginning of 
1640 the  sunspot
number suddenly 
decreased to near zero.

The Maunder 
Minimum started
1645 and ended
1715.

Rapid changes for other solar 
type stars

Rapid changes for other solar 
type stars

HD 149661 (K0V 17.4 +4.0 years) multiple cycles

HD 9562 (G2V) Maunder minimum state

HD101501 (G8V) chaotic

HD 136202 (F8IV) 23 years Sun (G2V) 10.0 years HD 10476 (K1V) 9.6 years

For a solar type star the luminosity 

decreased with 0.4%på in just a few years. 
Similar rapid changes happened during the 
Maunder minimum! (compare 1640 -1 6 4 5 ! )

Mount Wilson studies
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Solar Climate CouplingSolar Climate Coupling

Drew Shindell (NASA GSFC) showed that for low 
solar activity and herewith weak UV, the lowered 
ozone influences AO/NAO and results in a 
decrease of the tempearture.

Lund during 
the Middle Ages and 

the Maunder minimum

Lund during 
the Middle Ages and 

the Maunder minimum

The Danish kingdom during Knud the 
great (1016). During the Middle Ages 
Lund  prospered, Lund was called the 
capital of Denmark (Metropolis Daniea). 
Rich could drink excellent wine from 
England (e.g. from Abbey of Abingdon).

Today Bothy Vineyard, south of Oxford.

The Swedish king Karl X Gustaf looks at the
ice before the crossing of the Belts 1658. 
The battle in Lund follows in December 4,  
1676 and Lund becomes Swedish.

Wavelet studies of solar activity
and global temperature - trends
Wavelet studies of solar activity
and global temperature - trends

The NAO response on increased  
solar wind E, one month later! 
That might make forecasts one 
month ahead possible. 

Solar wind’s effect on climateSolar wind’s effect on climate

11 års, 1.3 variations are seen both in
solar wind and NAO.

(GRL, Vol 29, No.15, 2002 - AGU Journal Highlight )
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P o w e r  i n d u s t r y .  

A user of climate forecastsA user of climate forecasts Our GIC Pilot Project
An application at implementation stage

Our GIC Pilot Project
An application at implementation stage

Forecasting local geomagnetic 
activity and GICs

Forecasting local geomagnetic 
activity and GICs

A  h y b r i d  ( M L P ,  R B F )  n e u r a l  n e t w o r k   w a s  a p p l i e d  t o  d a t a  f r o m  

S o d a n k y l ä  G e o m a g n e t i c  O b s e r v a t o r y .  I t  w a s  s h o w n  t h a t  7 3 %  o f  t h e  

∆ X  v a r i a n c e  i s  p r e d i c t e d  f r o m  s o l a r  a n d  s o l a r  w i n d  d a t a  a s  i n p u t .

G e o m a g n e t i c a l l y  i n d u c e d  c u r r e n t s  ( G I C )  c a n  b e  f o r e c a s t e d  e i t h e r  

d i r e c t l y  f r o m  s o l a r  w i n d  d a t a  o r  v i a   l o c a l  d B x / d t ,  E  a n d  σ.

Collaboration with 
power industry

Collaboration with 
power industry

We started to collaborate for over 20 years ago with the Swedish power 

company Sydkraft.  Today we collaboarte with all the Swedish power companies 
through ELFORSK. The Nordic GIC Network was established in Lund 1993.  
The GIC pilot project will further strengthen the collaboration, e.g. involve 
Norway.  

QuickTime och en
GIF-dekomprimerare

krävs för att  kunna se bilden.

One of the generators of  OKG’s (Sydkraft’s)
nuclear plants was heated due to the geomagnetically 
induced current in March 13-1 4  1 9 8 9 .
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The forecast service tool to be usedThe forecast service tool to be used
Latest information on forecasts 

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

of Kp, Dst, AE and GIC

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 Satell ites : J. King

Aurora forecasts
An application at commercialization stage

Aurora forecasts
An application at commercialization stage

Several years ago we 
started with Today’s 
forecasts of aurora as 
SMS, voice messages  
from Lund. 

Much more service is 
under development.
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The EndThe End

S u n s p o t s  o b s e r v e d  w i t h  t h e  S w e d i s h  s o l a r  t e l e s c o p e  o n  L a  P a l m a


