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Lund Solar Activity Model

Wavelet methods (scalograms, ampligrams,
MRA, wavelet power and wavelet coherence)

Methods applied on solar activity indicators

Transients, cycles, trends discussed




The goal of our research program is to create a new indicator (model/LSAM)
of solar magnetic activity so we can better predict space weather, space
climate and effects. Wavelet methods are used to extract information about
solar magnetic activity (e.g. trends, transients, about Bp, Bt, AR), which then
will be used as input to our neural network prediction model.
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Solar magnetic activity
indicators
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Solar activity
transients,
start and end of process,
change of period

Wavelet transform,
Morlet wavelet, and
Wavelet Coefficient
(WCM = Wavelet
Coefficient Magnitude)
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Download software
(Umea, Lund)
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Sunspots
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Solar activity seems _—*——MM T
to b e Ch ara Cterlz e d by Low-20 ampligram of group and sunspot number 1610-2005
oscillations of | . ;
different scales ‘ A i
that arise and die,
no ever lasting cycles.

WCM % max

Smoothed Sunspol Mumber

Cl4 production rate
2300-2500 y-->

24 = AVG({12,14,16)

Year within cycle

Time scales (years)
500 1000 1500 2000 2500

900-1100 y-->
400-500 y--> Svalgaard. et al., 2005, Predict a
190-210 y--> | . S weak Cycle 24.

2000 4000, 8000 8000 10000
Time BP (years)




Clilverd, et al., Astron & Geophys. 44, 2003
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Multiresolution analysis (MRA): the idea is to separate the information to
be analyzed into a “principal” (low pass) and a “residul” (high pass) part.
The process of decomposition can then be applied again to both parts.

Engineers’ filter approach Mathematicians’ wavelet matrix approach
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Wavelets are to functions what the positional
notation is to numbers. Solving differential
equations may then be carried out by differentiating
the function represented by the wavelet series.

(s = signal, A = approximation, D = detail,
a = scale, b = time shift, j = level)
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Smoothed Sunspol Mumber
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(Lundstedt et al., Annal. Geophys., 2004)



Basic Magnetic Dynamo Processes
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Predictions of cycle 24

« D. Hathaway (strong cycle), based on the assumption that a fast meridional circulation speed during
cycle 22 would lead to a strong solar cycle 24.

o (5. Alietal, (Rz =145 (2011-2012)) based on spectral analysis and neurofuzzy modeling.

» K. H. Schatten (Rz = 100+£30), based on the view that the Sun's polar field serves as a predictor of
solar activity on the basis of dynamo physics.

o J-L.Wang etal,, (Rz=83.2-119.4), based on statistical characteristics of solar cycles.

o Kane, R. P. (Rz=105), based on statistical regression analysis of the sunspot number and
geomagnetic activity.

» 5. Duhau (Rz=87.5£23.5), based on a non-linear coupling function between sunspot maxima and aa
minima modulations found as a result of a wavelet analysis.

o | Svalgaard etal., (Rz =75110), based on the solar polar magnetic field strength at sunspot minima.

» Badalyan etal., (Rz not exceeding 50), based on statistical charactenstics of solar cycles.

» (5. Mans, etal., (low), based on observing the flare energy release during the descendant phase of
cycle 23 (empincal method).

o M. Clilverd et al., (weak cycle), based on the variation of the atmospheric cosmogenic radiocarbon.
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MDI shows how the dynamo changes (1.3y)
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\Wavelet coherence of Rz and aa
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Earthside _ Farside

Farside images computed from MDI sound travel time analysis.
Earth-side images are magnetic flux observed by SOHO-MDI.
These files are updated daily!!

14-15 Oct, 2003 30 Oct, 2003

Obs_2003.10.15_12h

Earthsid=



(Courtesy: Benevolenskaya, E.
et al., ApJ, 2001)
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Self Organized Map (SOM) "Lund Solar Activity Model
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Solar Dynamics
Observatory e Neural network based real-time forecasts are

allready running at our RWC of ISES of

many space weather effects. We are now
presenting the wavelet outputs to neural
networks.

* However, we also need real-time synoptic

maps of activity below, on and in corona and
that will not be available until SDO (NASA, == "
launch 2008) 100 150 200 l 250
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