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= FET7IILIVA L
= Automated Solar Activity Prediction:

= Space Weather Prediction Center
= Colak & Qahwaiji 2009

MACHINE LEARNING SYSTEM

Sunspot Area
1
McIntosh
Classiﬁc:ﬁon N.N. FLARE nNoO oy NO FLARE
: YES
Modxﬁed 5 I orame
Zurich Class PROBABILITY
2
Largest Spot M FLARE
£ P N.N. '| PROBABILITY
Sunspot [ xmase
Distnibution PROBABILITY

Figure 2. Machine-learning system for flare prediction.

10.21



is the degree of compactness in the interior of the group. Figure 1 illustrates the sequence
within each of the three components of the classification. Table I lists the logical
sequence for determining the Mclntosh classification.

The definitions are formulated to require only white-light observations in the interest
of consistency among all synoptic observatories. The definitions must begin with the
distinction between unipolar and bipolar groups, implying a difference in a magnetic

MODIFIED MCIntOSh
ZURICH CLASS Sunspot Group Classification
(4] PENUMBRA: LARGEST SPOT
Interior
‘e ’T__—k---"\
. ‘ Lo, e @
v e o-length
Bl & S PRUBEE
I |
. a - Class
- i SUNSPOT DISTRIBUTION

Fig. 1. The 3-component Mclntosh classification, with examples of each category.

© Kluwer Academic Publishers * Provided by the NASA Astrophysics Data System 10.2.1



Space Weather Prediction Centel

s Event Probabilities 19 Jan-21 Jan

= Class M 10/10/10 Class X 01/01/01 Proton 01/01/01
= Skill for X flare:

1day
0.112
0.242
0.052
0.200

-0.037

-0.061

2day
-0.147
0.147
-0.001
0.093
-0.050
-0.034

3day
-0.171
0.127
-0.044
0.076
-0.033
-0.006

year (events)
2006 (4)
2005 (13)
2004 (9)
2003 (17)
2002 (12)
2001 (18)
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 YIEFRT LTI L

« JUT7REIZCEZRT 5
H 3, 45: Leka & Barnes 2007, Yamamoto & Sakurai
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TABLE 1

e

SRR AETR

PARAMETERS USED IN THE DISCRIMINANT ANALYSIS

Description Formula Variable
Atmospheric Seeing

Median of the granulation CONtrast ...........ccoeeeierieiieiiiieceeece e s = median (Al) S
Distribution of Magnetic Fields

Moments of vertical magnetic field...........ccooveiiiiiiiiiieeeeeee B.=B-e. M(B.)

Total unsigned fIUX ......c.oovevieieieieeeieeeeeee e Dy = > |B.|dA i

Absolute value of the net fluX.......ccooeeiieiiiieiieee [Ppet| = > B- dA| | Pret|

Moments of horizontal magnetic field ..........ccooeiiiiiiiiiiic, By, = (B + B ) M(By)
Distribution of Inclination Angle

Moments of inclination angle.............cooeeveeieiieiciicieceeece e ~ = tan" ' (B./By) M(7)

Distribution of the Magnitude of the Horizontal Gradients of the Magnctic Fields

Moments of total field gradients ...........cccoeveiieiiiiieeieeee e |ViB|= [(()B/()\) + (OB/dy)~ ] i M(|V,B))
Moments of vertical field gradients............ccccovevieieieieicieeeeceeeee e |VyB.|= [(()B /()\) + (0B./0y)” ] N M(|V},B.])
Moments of horizontal field gradients ............cccooeereiiiiicneceeceee |V By| = [(0By, | 0x)* + (OB /0y)? ]l . M(|VBy))
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Distribution of Vertical Current Density

Moments of vertical current density ........c.ccoeevveeeerieiierieeeecie e J. = C(0B,/0x — 0B, [Dy) M(J>)
Total unsigned vertical CUITENt ...........ccocveveveeiereeieieeeeeee e Lot = > _|J-| dA Lot
Absolute value of the net vertical current...........ccoeevveeiiieviieeieeieeeeeene. |het| = | J-dA| [ et
Sum of absolute value of net currents in each polarity............c.cccoe.e..... 15, = |3 J(B- > 0)dA| + |3 J.(B- < 0)dA| |2, |
Moments of vertical heterogeneity current density®..........cccccoveviveeernenen. JI = C(b, 0B, /0y — b,0B,[0x) MJE)
Total unsigned vertical heterogeneity current............cccccveeeieeeiciicecnenne. Ih = Z|J"| dA I
Absolute value of net vertical heterogeneity current...........ccccoeeeveeeeennne 1k = |3 JtdA| |22,
Distribution of Twist Parameter
Moments of twist paramctcrh .................................................................... a = CJ./B- M(a)
Best-fit force-free twist parameter” .............o...oovvovveeveerevoesreeseesseeressoons B = agVxB ey
Distribution of Current Helicity
Moments of current helicity© ..........cocoiieiiiieeieeeeeeeeee e h. = CB-(0B,/0x — 0B, /dy) M(h,)
Total unsigned current heliCity .........ccoiieieieiiieieiieieeeeeeee e H* = 3"|h.|dA H*
Absolute value of net current helicity .........ccooeiiiiiiiiiiiieiccccccccce |H™ | = |3 h dA| HM|
Distribution of Shear Angles
Moments of 3D shear angle ............o.coovoviveeeeeeeeeeeeeeeeeeeeeeee e, U = cos™'(B” - B°/B”B°) M(D)
Area with shear >W(, Wy = 45, 807 ....cioiiiiieeeeeeeeeeeeeeeee e AW > W) =3 .y, d4 A(V > 45%), AP > 80%)
Moments of neutral line shear angle............cccooeeverueiereeierineeeeeeneen. Wy = cos™ ' (BY + BY /BE BYy) M(Tyr)
Length of neutral line with shear >Wg .........c.cocooveveveveieiieecceeeeee L(Un. > Wo) = 3 g, dL L(Wy > 45%), L(Wy > 80°)
Moments of horizontal shear angle®............c.ccccoeveveiieiiccceceieeeieieieieins Y = cos™ (B} - Bj/B}B}) M)
Area with horizontal ShEar =10 ......cceveueeeeieeeeeeeeeee e AW > o) = >y, d4 A(p > 45%), A > 80°)
Distribution of Photospheric Excess Magnetic Energy Density
Moments of photospheric excess magnetic energy density“................... pe = (B? — B°)*/87 M(pe)
Total photospheric excess Magnetic ENETZY .....coveeveeeereereereereerieeeereesaaens E.=> p.dA E,

Notes.—The M(x) denotes taking the first four moments of the distribution of the variable x: the mean X, the standard deviation o(x), the skew ¢(x), and the kurtosis
£(x). The C indicates physical constants that are included in the calculation but not listed here for clarity.

* Zhang (2001).

® Leka & Skumanich (1999).

¢ Abramenko et al. (1996); Bao et al. (1999).

4 Wang et al. (1996).

¢ Hagyard et al. (1984), although By, is used here, rather than B .



Evaluating the performance of solar flare forecasting
methods, Barnes and Leka 2008

(M&X class within 1d)
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TABLE 1

SucceEss RATES AND SKILL SCORES FOR THE SAMPLE
PARAMETERS
Success Heidke Climatological

Parameter Rate Skill Score Skill Score
Climatology ...... 0.908 0.000 0.000
Do 0.922 0.153 0.197
E . .. 0916 0.081 0.231
R, 0.922 0.144 0.242
Booooiaaan... 0913 0.072 0.220

” (n ” ) Wheatland (2005) 0.258

SS = ff q qq SWPC

0.262
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DeRosa et al.
2009
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X-ray Ejections & X-ray Wave

E AR

= A faint X-ray plasmoid
IS ejected from the

czgmmd loop
18~02: 22UT)

O N40 120 km/S

o It disappeares at
02:23UT

= X-ray wave-like
phenomenon starts
just after the
dlsappearance

M Wave ~700 km/s

2006 -12=13.02:25:18
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2006_12_11 17:00 UT 2006_12_12 03:50 UT
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pre-flare brightening and magnetic field
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306 D. Odstreil, V.J. Pizzo
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