Neural networks as universal
approximators

A practical example of space weather
modelling



Aims of the lesson

A Introducing an artificial neural network
(NN) as a universal approximator.

A Convincing you that the NN is a useful tool
for space weather (SW) modelling.
A Introducing Script_for NN.m

I A demonstration of use of NNs for space
weather modelling (and an exercise).
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Preview of the lesson

Space weather and geomagnetic activity (geomagnetic storm)
T Introducing the Hurbanovo Geomagnetic Observatory GPI SAS
I Geomagneticfield( GMF)T main field, ring current, EartiE@ds tm@gn mafine
i GMFelements X,Y,ZorD, H, I
i CMEs cause geomagnetic storms
I Geomagnetic storms on magnetograms (H component of GMF)
I Indexes of the geomagnetic activity (Kp and Dst)

One single neuron T explanation

One single neuron T an example of using it in space weather (SW) modelling
Neural network with a hidden layer (a layer of hidden neurons) 1 description
Universal approximation theorem

Neural network with a hidden layer 1 examples of using it in space weather modelling
I Geomagnetic activity forecasts based on solar wind observations in the L1 point
T Geomagnetic activity forecasts based on the observations of solar energetic events
I SEPs as an addidional input parameter for geomagnetic activity forecasts
i Forecasting of SEPs based on the observations of solar energetic events

Training of neural networks
i What will be the inputs and outputs of our example SW model i database for the example
T What does the training of neural networks mean i training patterns
i How many hidden neurons are needed? i validation patterns
i Ascript for NN training in octave i description of Scenario_NN.m
T Exercise T How to work with Script_for_NN.m
T Working the example (by the students)

Summarizing the lesson



Space Weather definition

A Space weather is the physical and
phenomenological state of natural space
environments. The associated discipline aims,
through observation, monitoring, analysis and
modelling, at understanding and predicting the
state of the sun, the interplanetary and

planetary environments, and the solar and

non-solar driven perturbations that affect
them; and also at forecasting and nowcasting
the p« pOSS|bIe Impacts on biological and
technological systems.

A (Brussels, November 2007)
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