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Abstract

• Models driven by upstream solar wind data from ACE spacecraft

• Two variants: 1) magnetic field and plasma; 2) magnetic fields only

• 30 minutes lead time

• Forecasting of a new index (d30) based on local dB/dt

• Numerically the d30 index is similar to the Kp index

• However, d30 captures better dB/dt that is related to GIC



Sun–solar wind–Earth

Image from
http://space.rice.edu/IMAGE/Image from

http://www.srl.caltech.edu/ACE/

Image from
http://sdo.gsfc.nasa.gov

1-2 days 30 minutes

Current models – GIC at 
www.irf.lund.se/rwc
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Recent forecasts

http://solarwind.lund.irf.se/forecast/

http://www.lund.irf.se/rwc/

Direct link also including archived forecasts:

RWC-Sweden:

2011-09-26

Geomagnetic stations in study

European stations 
with good data 
coverage and 

overlapping with 
the ACE period
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Local magnetic field variation

97 610 one-minute samples

Relation between ∆X 
and observed GICr⇥E = �@B

@t

P. Wintoft. Study of the solar wind coupling to the 
time difference horizontal geomagnetic field. 
Annales Geophysicae, 23:1949–1957, 2005.
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Power distribution of ∆X as 
function of temporal scale

Most of the variability 
occurs on scales less 

than 20 minutes

Relation between Kp, NOAA G and dB/dt
Range of 3-hour |dB/dt|  maxima for selected stations 

(nT/min)

C
ou

nt
s 

pe
r 
Kp

 b
in

 (
ye

ar
s 

19
85

–2
00

8)



The d30 index

m30 = max {|�X(⌧)|} for t  ⌧ < t+ 30

d30 =
9

7
ln (m30 + 1)

30 minute forward 
maximum:

�X(t) = X(t)�X(t� 1)
Differenced 1-minute 

local magnetic field:
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Numerically similar to KpDefinition of d30:

The models

One minute 
Solar wind 
magnetic 
fields + 

local time

Recurrent 
neural 

network

d30 valid for 
the future 30 

minutes



Storm events 
using plasma 
& magnetic 
field inputs

All big events are 
missing due to the 
ACE SWEPAM 
outages during 
proton events.

Storm events 
using only 

magnetic field 
inputs



Preliminary results
• Models using only solar wind magnetic field as inputs.

• Tested for two big storms:

• July 2000

• October 2003

• Typical total run time on standard desktop is less than 
4 seconds. Includes:

• Extract data from database and preprocessing

• Run model and provide output

July 2000



October 2003

Future development

• Further optimization of models

• Full testing and verification

• Implement for real time operation at 
RWC-Sweden

• EURISGIC and MSB tailored access

• Paper under preparation
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