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Background & Motivation &

The sun is the main source of space weather, so it is important to forecast
the solar eruptions.

There are some practical flare forecasting models
We do not have any practical forecasting model for CMEs

Flares and CMEs are two different manifestations of the same energy
release process

We need a solar eruption events forecasting model which considers flares
and CMEs together

Quiet
Confined flare: flare without CME
Eruptive flare: flare associated with CME

Solar eruption events forecasting model G. P. Zhou et al., A&A 2006
Improved flare forecasting model Associations CME number _percent
- N o . related to ARs 231 80%
Slmp“fled CMEs fOrecaStlng model related to long eruptive filaments 109 38%
Total earth-directed CMEs 288 100%
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* Probabilistic yes/no forecasts based on the
Non-potentiality of an active region

* Mclntosh classifications ¢ Free magnetic energy
« Magnetic field gradient « Twist parameter
* Length of neutral line  « Spectral index

* Number of singular * Fractal dimension
points * Flow field
o Tiltangle

« Magnetic shear angle
o Current density
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Difficulties of CMEs forecastif§®™

« Uncertainty of frontside or backside CMEs
« Uncertainty of source region for CMEs
O CMEs are inherently large-scale events L. van Driel-Geszeelyi et.

al. Ann. Geophys., 2008
1 CMEs start small-scale and then evolve to become

large-scale events
* Inshort:
Closed magnetic field structure + Non-potentiality

O Appearance of closed magnetic field structure on the
Sun

0 Magnetic source region has to build-up free energy
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Relationship between flares and C

Flare VS CMEs

Larger solar flare is easier to associate with CME

C 16%-25%, M 42%-55%, X 90%-92% (‘Yashiro et al 2005 )
Confined flare VS Eruptive flare

Non-potentiality (Sun et al 2015)

Displacement of the location of the energy release (Wang & Zhang
2007)

» Background field ( Cheng et al 2011)

» All parameter is only used to analysis relationships after flare has
happened, can not be used to forecast
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Solar eruption events forecasting mi@de

* Displacement parameter between center of active
region and the center of the free magnetic energy
and the overlying magnetic parameter are extracted
to distinguish confined flares from eruptive flares

e Combined with the classical flare forecasting model
(based on non-potential parameters), we get the
solar eruption events forecasting model
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Active Forecasting

: predictors Quiet or flaring
region model

Flaring

Confined
Confined or
eruptive

Confined
flare
(frequency)

Eruptive

Eruptive flare

(direction &
speed)

2015/3/17 General Session 1 @ AOSWA




Active region data

e 12 month data ( 2011.8—2012.7)
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e 12 month data ( 2011.8—2012.7)

mllllllll1|I:I||||I|||2|I:I||||I|||3|D||||I|||4|I:I||||I|||5|I:I||||I|||E'||:|||||I|||?|D||||I|||B|D||||I|||9|D||||I|||1DD|||I|||1
1 Flare Mag, Time Start, Time Stop, Time of Max, Flux, AR Association, SPE, CME, CZippearanceTime, CentralPh, Ar
2 M1.40, 2011-08-02 05:19:00, Z011-053-02 068:45:00, Z011-08-0Z 06:19:00, 1.40000e-05, 11261, no , 1, Z011-08-0Z
3 M1, 10, 2011-08-03 03:08:00, Z011-08-03 03:51:00, Z2011-08-03 03:37:00, 1.10000e-03, 11XRl, ne , O
4 M1, 70, 2011-08-03 04:2%:00, Z011-08-03 04:535:00, 2011-08-03 04:32:00, 1.70000e-03, 11263, no , O
5CR.TD, 2011-08-03 0T7:38:00, 2011-08-03 08:06:00, 2011-08-03 OT7:58:00, 8, To000e-08, 11261, ne , 0
6 Mg, 00, 2011-08-03 13:17:00, 2011-08-03 14:10:00, 2011-08-03 13:48:00, &, 00000e-05, 11261, ne , 1, Z2011-08-03
TCB.50, 2011-08-03 19:253:00, Z011-08-03 19:4Z2:00, 2011-08-03 19:30:00, B.H0000e-06, 11251, ne , O
2 M2, 530, 2011-08-04 03:41:00, Z011-083-04 04:04:00, 2011-08-04 03:57:00, 9. 30000e-05, 11261, wes, 1, Z011-08-04
5 M350, 2011-08-08 15:00:00, Z2011-08-08 18:15:00, Z011-08-08 18:10:00, 3.50000e-05, 11265, no , 1, Z2011-08-08
10 CT.T0, Z011-08-08 22:00:00, 2011-08-08 ZZ:20:00, Z011-08-08 Z22:09:00, 7.70000e-06, 11283, no , O
11 Ch 30, Z011-08-08 Z3:0Z:00, 2011-08-08 23:99:00, Z011-083-08 Z23:22:00, 3.30000e-08, 11263, no , 1, 2011-05-08
12 W2, 80, Z011-08-0% 03:19:00, 2011-08-09% 04:08:00, Z011-03-09 03:54:00, Z,50000e-03, 11263, no , 1, 2011-05-09
13 E6, %0, 2011-08-0% 07:48:00, Z2011-08-0% 08:08:00, Z2011-08-0% 08:05:00, 0,0008%0000, 11263, wes, 1, Z2011-03-09
14 08,10, 2011-08-10 10:21:00, Z011-08-10 10:55:00, Z011-08-10 10:44:00, &, 10000e-06, 11263, ne , 1, Z011-08-10
15 Ch. 20, Z011-08-11 09:34:00, 2011-08-11 10:36:00, Z011-083-11 10:25:00, 6. Z0000s-08, 11263, noe , 1, 2011-08-11
16 Ch. A0, Z2011-08-30 22:02:00, 2011-08-30 22:53:00, Z011-08-30 22:46:00, 5. 50000e-06, 11281, ne , O
1T CE. =0, Z011-0%-04 01:01:00, 2011-0%-04 01:13:00, Z011-0%-04 01:07:00, B.30000e-06, 11286, no , O
18 0900, Z011-0%9-04 04:36:00, 2011-0%-04 053:03:00, Z011-05%-04 04:353:00, 9, 00000e-06, 11286, no , 1, 2011-05%-04
19 M3, 20, Z011-09-04 11:21:00, 2011-0%-04 11:50:00, Z011-05%-04 11:45:00, 3. Z20000e-03, 11286, no , 1, 2011-0%-04
20 Ch. 80, Z011-09-04 159:21:00, 2011-0%-04 15:53:00, Z011-0%-04 15:34:00, 5.80000e-08, 11286, no , 1, 2011-0%-04
21 M. 80, 2011-0%-03 04:08:00, 2011-0%-03 04:32:00, Z2011-0%-03 04:28:00, 1.60000e-03, 11286, ne , O
22 M1, 20, Z2Z011-09-05 O7:27:00, Z011-0%-05 0B:06:00, Z011-0%-05 07:58:00, 1, Z0000e-053, 11286, ne , 0
23 Mh. 830, Z2011-09-06 01:35:00, 2011-09-06 0Z:05:00, Z011-03-06 01:50:00, &5, 30000=s-05, 11283, noe , 1, 2011-0%-06
24 X210, Z011-09-06 22:12:00, 2011-09-06 22:24:00, Z011-03-06 22:20:00, 0,000210000, 11283, noe , 1, 2011-0%-06
20 X1, 80, Z011-09-07 22:32:00, 2011-09-07 Z2Z:44:00, Z011-03-07 22:35:00, 0,000180000, 11283, no , 1, 2011-0%-07
26 NMB. T0, Z011-0%-08 159:32:00, 2011-0%-03 13:52:00, Z011-0%-08 15:46:00, B.T70000e-03, 11283, no , O
27T N2, 70, Z011-09-0% 06:01:00, 2011-0%-0% 06:17:00, Z011-0%-09 06:11:00, 2, Y0000s-03, 11283, no , 1, 2011-0%-09
28 M1, 20, Z2011-09%-0% 12:39:00, 2011-05%-09 1Z2:56:00, Z011-0%-0% 12:49:00, 1.Z0000e-05, 11283, no , O
28 M1.10, 2011-0%-10 0T7:18:00, 2011-0%-10 0T7:56:00, Z2011-0%-10 0T7:40:00, 1.,10000e-03, 11283, ne , 1, 2011-0%-10
30 Ce. B0, 2Z011-0%-11 08:41:00, 2Z011-0%-11 09:27:00, 2011-0%-11 08:51:00, &, 60000e-06, 11283, ne , 1, Z2011-0%-11
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Predictors

Qulet or Tlaring
Magnetic field gradient

Length of neutral line

Number of singular points

Total photospheric magnetic free energy

Confined or eruptive

Displacement parameters

Distance between the center of longitudinal magnetogram and the
center of photospheric magnetic free energy density (Dmf)

Distance Ratio between Dmf and Dpn (Dpn is the distance between
positive magnetic field and negative magnetic field)

Coronal parameters
Decay Index at the height of 10 Mm

Transverse magnetic flux ratio between the summation from OMm to
10Mm and the summation from 10Mm to 20Mm
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e Decision tree A Ll

6
x2 <3 ! !
/\ 0
4 0
x1 <4 x1<3 0 1
/\ ‘/\'\ ) 0 0 1
x2 <4 < 0 ’
/\\ 0 1
0 1 0 .
0 2 4 6 x1
Parameters Model Evaluation
Decision Contingency
Time Tree Table
Series of | e Euant sbisrvad
y e fareoasn ‘s Ho
Parameters .
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Performance

TP Rate FP Rate
0.783 0.122 20
0.613 0.089 -1
0.605 0.136 2> 2
=== Confusion Matrix ===

a b ¢ < classified as
1139 122 193| a=0

3 19 9 b=1

6 11 26| c=2
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Measurement Position Angle (MPA)
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tatistical characteristics of events: Ction

Number of Events

N
-150 -100 -50 0 50 100 150
Difference Between Active Region Position Angle and Measurement Position Angle of CME
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Summary
* From the flare forecasting point of view:

» Extended flare forecasting model, flares and
CMEs are considered as different

manifestation of the magnetic releasing
process

* From the CMEs forecasting point of view:

» The assoclated flares reduce following
uncertainties of CMEs:

» Uncertainty of frontside and backside
» Uncertainty of source region
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 Solar eruption events forecasting model

12-Jul-2000

L4 C Flare
O M Flare
~ <] X Flare

> —®—— CME Speed<=500
——6—— 500<CME Speed<=1000
—<}— 1000<CME Speed

e Further work
» Study on the relationships between quiet filaments and CMEs,
» Build the forecasting model for quiet filament related CMEs
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Thanks!
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