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Efficiency of flares & eruptions forecasting

(Crown et al. 12)
SUuccEss RATES AND SKILL SCORES FOR THE SAMPLE

A Multiplication of daily forecasts PARAMETERS
centers and methods: MET Success ~ Heidke  Climatological
Of fice S WP C C Parameter Rate Skill Score Skill Score
’ ’ -
NoFlare....... 0.908 0.000 0.000
Do 0.922 0.153 0.197
. : E, oo 0916 0.081 0.231
A Barnes et al' 2016 Comparls.»On R 0.922 0.144 0.242
of a large number of forecasting B, ................ 0.913 0.072 0.220
methods with a common
dataset: Table 4. Performance on All Data with Reference Forecast
T ﬁ[ e ]I’]Qne of the methods Parameter/ Statistical ~ C1.04, 24hr  M1.04, 12hr  M5.04, 12hr
= = = Method Method ApSS BSS ApSS BSS ApSS BSS
aC_hIeveS & par,tICUIarly hlgh Begt Bayesian 0.12 006 000 003 000 002
skill score.[ € ] . Tthewess ASAP Machine 0.25 030 001 -001 000 -0.84
Considerable room for BBSO Machine 0.08 0.10 0.03 0.06 0.00 -0.01
) ] W Lsco Curve fitting  N/A  N/A 004 006  0.00 0.02
improvement in flare NWRA MAC 22VAR ~ NPDA 0.24 032 004 013 000 0.06
- N log(R) NPDA 0.17 022 001 010 002 0.04
forecastlng. O GCD NPDA 0.02 007 000 003 000 002
NWRA MCT 2-VAR NPDA 0.23 028 005 014 000 0.06
SMART?2 CCNN 0.24 -0.12 001 -431 000 -11.2
Event Statistics, 10 prior Bayesian 0.13 0.04 0.01 010 0.01 0.00
Meclntosh Poisson 0.15 0.07 000 -006 N/A N/A

_ (Barnes et al 16)
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Flares & eruptions forecasting approach

A Prediction are not based on determinist approach but on an empirical one:
A Correlations between:

A Characteristics of an active region: MciIntosh class, Mt Wilson magnetic class,
PI'L | engt h, magnetic properties, &

A Observed probability for a region with a given characteristic to flare
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Flaring/eruptivity criterion

TABLE | (Leka & Barnes 07)

ParAMETERS USED IN THE DISCRIMINANT ANALYSIS

A Single criteria alone always
gives very poor prediction _ .

Median of the granulation CONLTASt ... i s i s = median(AT) 5
I Combination of several

Distribution of Magnetic Fields

Moments of vertical magnetic fiel B.=B-e. M(B:)

. = = = d Total d fl kit B.|d. @
criterion improves prediction. s e e B o
Moments of horizontal magnetm hsld By = (B + B } M(Br)

Distribution of Inclination Angle

Moments of inclination angle.. .. ... i v = tan ' (B./Bj) M)

Distribution of the Magnitude of the Horizontal Gradients of the Magnetic Ficlds

)4 - - - -
A C P r e d I Ct I O n C r I ter I O n ar e Moments of total field gradients ...... oo e |V,B| = (9B dx)* + ((']B,r‘i]\)j] 1”2 M(|V,B))

2

[VB:|=[(2B./&x)* + (B. /) ] M| V4B:[)
[V 3By | = (0B /0x) + 0By, /9y)*]"* M(ViBy|)

Moments of vertical field gradients

only based on necessary

Distribution of Vertical Current Density

C O n d I t I O n S fo r e r u p t I O n Moments of vertical current density J. = C(OB,/dx — DB, /dy) M(J)
Total unsigned vertical current .. hot = || dA Lot
Absolute value of the net vertical curren \I“E‘| = |3 J.dA| | Faet|
12| = [T (B, > 0)dA| + | T JAB. < 0)dA| b

J% = C(b, dBy/ 1Ay — b OB,/ Ox) M)
It = Y|t d4 i

b u i |d B u p Of aCtiVe reg i O n Absolute value of net vertical heterogeneity Lurrem !‘{g[ = Z-:.]_,hdﬁ! .

Distribution of Twist Parameter

o S f absol val f v s in each polari
| e.g. based on the energy Nt o il ey et ey

Total unsigned vertical heterogeneity current ....

Moments of twist pammctcr"
Best-fit force-free twist peu":n'neter1

o =CJ/B. M(a)
B=asVxB o]

Distribution of Current Helicity

A No clear physical criterion  woceoe 4 awu e e
of sufficient conditions for

Absolute value of net current helicit; HM™ | = |3 h.dd| o

Distribution of Shear Angles

e r u p t I O n t r I g g er Moments of 3D shear anglcd....... W = cos '(B? - B°/B’B°) M)
Area with shear >0, ¥ = 45°, 80° Al > W) =3y g, dA A(V > 45°), AT > 80%)
Moments of neutral line shear angle Wy = cos™ ' (BYy « BY, /B By, ) M(Wyp)
Length of neutral line with shear =W, LWy = W) = E‘M > dL L(Wny > 45%), LDy > 80%)
Moments of horizontal shear angle® ¥ = cos” (B} + B{/B) B}) M)
Area with horizontal shear =1/, ... A(p =) = Z!-,.!-‘ dA A@p > 45%), A(xp > 80%)

Distribution of Photospheric Excess Magnetic Energy Density

Moments of photospheric excess magnetic energy dcnsi‘ryd.................... pe = (B — B®)/87 M(pe)
Total photospheric excess magnetic energy .. E. =% p.dA E,
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Eruptivity prediction & numerical modeling

Search for eruptivity criterion
Is almost exclusively based on
observationald at as et s

e and barely be

the recent tremendous
Improvements in numerical
modeling .

Useful numerical models must
present several cases either
eruptive or stable, ideally

T > 2cases

I depending on few number of
parameters

Kusano et al. 2012: parametric
analysis based on relative
orientation of large scale sheared
polarity and small scale
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Motivations & Methodology

A Goal: use flux emergence simulations to look A A
for efficient eruptivity criterion

I Leake et al. 2013 and Leake et al. 2014:
A 7 flux emergence simulations

A 3D visco-resistive MHD eq. solved with
Lagrangian-remap code (Arber et al. 2001)

A lead to eruptive and non-eruptive cases
A varying only an unique initial parameter

Time=40.0012
|

A Methodology: - extract part of the magnetic field,
i compute different physical quantities, Gt
I search for the ones that discriminates between I2
the eruptive and non-eruptive case i
A Guennou et al. 17: 2D photospheric mag. field ﬁ'
I similarly to observed data i
I 99 physical quantities studied.
A This talk: 3D coronal magnetic field B(z>0)
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(Leake et al. 14)

Temperature

Plasma beta - Weak Dipole i
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Parametric flux emergence simulations

A Twisted FR emerge in coronal arcade field
| A Emerging twisted flux rope: identical in all

cases

] A Overlying arcade field: 1 param. C 7 cases

I Signed strength, Bd, of the surrounding arcade
magnetic field
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Parametric flux emergence simulations

_FR,  (Leakeeta.14) | A Twisted FR emerge in coronal arcade field

A Emerging twisted flux rope: identical in all
cases
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Temperature

g A Overlying arcade field: 1 param. C 7 cases
‘%‘ 10° I Signed strength, Bd, of the surrounding arcade
5 magnetic field

> 10—2_ ' Plasma beta - Weak Dipole i

PSSt e S b ] I Bd=0: nOREEREITINg IR e
A A stable flux rope in the corona
A No eruption
I Bd>0: same orientation of arcade field and

s azimuthal part of emerging field: interaction of //
Pseu%ocolor fl e I d S
74(S)]

Var:
400.0

| | A A formation of stable flux rope
A No eruption
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Parametric flux emergence simulations

(Leake et al. 14)
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Twisted FR emerge in coronal arcade field

Emerging twisted flux rope: identical in all
cases

Overlying arcade field: 1 param. C 7 cases

Signed strength, Bd, of the surrounding arcade
magnetic field

Bd=0: no surrounding field
A A stable flux rope in the corona
A No eruption

Bd>0: same orientation of arcade field and
azimuthal part of emerging field: interaction of //
fields

A A formation of stable flux rope
A No eruption

Bd<0: opposite orientation of arcade field and
azimuthal part of emerging field: interaction of anti-
// fields
A A reconnection and formation of unstable flux
rope
A Eruptive behavior



Search for eruptivity criterion

A Emerging twisted flux rope: identical in all cases
A Overlying arcade field: 1 parameter C 7 cases

Label No Erupt SD  No Erupt MD  No Erupt WD No Erupt ND  Erupt WD Erupt MD  Erupt SD
By 10 7.5 5 0 -5 -7.5 ~10
Dipole Strength Strong Medium Weak Null Weak Medium Strong
Eruption No No No No Yes Yes Yes
A Eruptive simulations: onset att ~ 120 t,
A Non-eruptive simulation stable > 400 t, i - i
- MD [ | 'l_; -
150 : ‘ (Leake et al. 14) =
A Goal: search for eruptivity indicators - 3 :!-*1_.,,[, |
from 3D coronal magnetic datacube - Internal ¥ .
e a 100 —  reconnection [ - L
A Good eruptivity criterion should: - ¥ et .
i Discriminate eruptive and non-eruptive = | .': "D ]
sim. during pre-eruptive phase a 50 |- ,'_E ]
i Reach its highest value = [ et ]
A for eruptive simulation only, i ]
A during the pre-eruptive phase only. 0 Twisting of field -
(1] - H H I O T I I 01 8 1§ 8§ I | T A | I Y T 1 |
I Present s!mlla_r tre_nd for eruptlye and 0 100 2001t , 200 400
non-eruptive sim. in post-eruptive phase
12
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(Pariat et al. 17)

Magnetic fluxes

A Reference magnetic flux depends on the
arcade field strength

A Injected flux by emerging flux rope is
roughly identical for all 7 simulations
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