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WP3 - Forecast of the evolution of 
geomagnetic indices [Months: 1-36] 

Objectives:
The objective of this WP is to provide forecast of Dst, KP and AE from L1 as measured 
by ACE.

Participants:
• IRF (P. Wintoft, M. Wik, J. Katkalov) 
• USFD (S. Walker) 
• SRI NASU-NSAU (V. Yatsenko)

Description:
This WP concerns improvement and new development of models based on data driven modelling, such as 
CNN and NARMAX. Existing models for Dst and Kp will be analysed and verified with the aim of finding 
weaknesses and to suggest improvements. Solar wind and geomagnetic indices shall also be analysed in order 
to develop models for the identification of features, such as (but not limited to) shocks, sudden 
commencements, and substorms. Such categorisation will aid the model development and verification, and can 
also serve as alternative approach to models providing numerical input-output mapping. In addition to the 
development of Dst and Kp models new models will be developed to forecast AE. The models will be 
implemented for real-time operation at IRF and data and plots will be provided on a web server.



PROGRESS Review Meeting 2016-01-12–14

• Task 3.1 – Survey of existing operational models forecasting Kp, Dst, and AE  
Month 1-3 (IRF,USFD,SRI NASU-NSAU) 
Identify existing operational Kp, Dst, and AE forecast models. Analyse their respective requirements and benefits considering, e.g. inputs, latency, 
lead time, and resources. Detailed knowledge is available for the models available to the team. 

• Task 3.2 - Identify and collect relevant data  
Month 4-6 (IRF) 
Collect historic real time ACE data, Science Level 2 ACE data, Kp, Dst, and AE. An SQL database shall be set up where the data are collected. 
Analyse data sets with respect to quality and coverage. Also include the coming DSCOVR spacecraft in the study. 

• Task 3.3 - Evaluate and verify a set of selected existing models  
Month 7-9 (IRF, USFD, SRI NASU-NSAU) 
The models from Task 3.1 that are available to the team shall be verified using the datasets identified in Task 3.2. In this activity it is important to 
consider both science level data and real time data. This task also includes the identification and application of appropriate verification methodologies. 
As inputs methodologies from the meteorological domain [Jollife and Stephenson, 2012] and previous COST ES0803 Action [Wintoft et al., 2012] 
shall be used. 

• Task 3.4 - Develop further existing Kp and Dst models  
Month 10-24 (IRF, USFD, SRI NASU-NSAU) 
The verification carried out in Task 3.3 will provide insights on how to improve existing Kp and Dst models. Classifications and categorisation 
methods will also be developed and applied with the purpose of improving existing models. The formulated verification strategy (Task 3.3) shall also 
be applied to the models. 

• Task 3.5 - Develop new AE forecast models  
Month 16-30 (IRF, USFD, SRI NASU-NSAU) 
As a first step to provide a baseline the model in Gleisner and Lundstedt [2001] shall be implemented and verified (Task 3.3). The classifications and 
categorisation methods (Task 3.4) shall also be applied to provide insight to appropriate parametrisation of the high resolution (minute) solar wind and 
AE data. E.g., the approach in Gleisner and Lundstedt [2001] was to use 10 minute averages, however, averages are not always the most suitable way 
of reducing the complexity as important features may be missed. Again, the formulated verification strategy (Task 3.3) shall also be applied to the 
models. 

• Task 3.6 - Implement models for real-time operation  
Month 28-36 (IRF, USFD, SRI NASU-NSAU) 
The improved and developed models shall be implemented for real time operation. The contributing institutes have long experience in this field. The 
data needed to drive the models shall be downloaded and stored in the database in real time. Various checks considering data quality and timeliness 
shall be implemented and mitigated. The output from the models shall be stored in the database and also provided over ftp/http. Simple web site with 
the forecasts shall be implemented tailored for this project. 
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http://www.lund.irf.se/progress

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


PROGRESS Meeting 2016-05-30–31

D3.3 submitted on 
Feb 29, 2016.

• Task 3.3 - Evaluate and verify a set of selected existing models  
Month 7-9 (IRF, USFD, SRI NASU-NSAU) 
The models from Task 3.1 that are available to the team shall be verified using the datasets identified in Task 3.2. In this activity it is important to consider 
both science level data and real time data. This task also includes the identification and application of appropriate verification methodologies. As inputs 
methodologies from the meteorological domain [Jollife and Stephenson, 2012] and previous COST ES0803 Action [Wintoft et al., 2012] shall be used. 
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D3.3: Dst
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D3.3: Dst
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Wavelet filtering 
to identify storms

Event

Minimum

Compare also
Echer, E., Gonzalez, W. D., 
Tsurutani, B. T. & Gonzalez, 
A. L. C. (2008), 
‘Interplanetary conditions 
causing intense 
geomagnetic storms (dst ≤ 
-100 nt) during solar cycle 
23 (1996–2006)’, Journal of 
Geophysical Research 113, 
A05221.  

D3.3: Dst
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D3.3: Dst
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a prediction to be timely if the 
RMSE using observed Dst is 
smaller than the RMSE on the one 
hour shifted Dst 

D3.3: Dst
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D3.3: Kp

We have received Sheffield Kp 
forecasts. Will be added in the 

analysis.
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D3.3: Kp
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D3.3: Kp
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D3.3: Event based verification

Perform verification on 
events when driven by 

predicted s.w.
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D3.3: Event based verification – Dst
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D3.3: Event based verification – Dst
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D3.3: Event based verification – Dst
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D3.3: Event based verification – Kp



PROGRESS Meeting 2016-05-30–31

D3.3: Event based verification – Kp
There are three outliers (encircled) 
for large Kp where two of them are 
due to solar wind datagaps.  

The third might be due to that the 
solar wind Bz component turned 
strongly negative but only for a 
very short time.  

=> model improvement
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D3.4: Kp updates
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D3.4: Kp updates
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D3.4: Kp updates

3-hour minimum and 
maximum values 
formed from 
propagated 10-minute 
ACE s.w. data
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D3.4: Kp updates
Optimal lead time
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D3.4: Kp updates
Relevant inputs

0 minutes 30 minutes 60 minutes 90 minutes
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D3.4: Kp and Dst updates
• Work has been carried out on Kp improvements using neural networks. 

• New Kp model(s) before summer. 

• Write paper including  

• results from D3.3 

• new model approach 

• both NN and NARMAX 

• journal? 

• Dst model updates during autumn.
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D3.5: New AE (AU, AL) models

• Ongoing. 

• Will end June 2017.


