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Å Multiplication of daily forecasts 

centers and methods: MET 

Office, SWPC, SIDC, é

Å Barnes et al. 2016: comparison 

of a large number of forecasting 

methods with a common 

dataset:

ïñ[é], none of the methods 

achieves a particularly high 

skill score. [é].Thus there is 

considerable room for 

improvement in flare 

forecasting.ò

Efficiency of flares & eruptions forecasting

No Flare. . . . . . .

(Crown et al. 12)

(Barnes et al 16)
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Å Prediction are not based on determinist approach but on an empirical one:

Å Correlations between: 

Å Characteristics of an active region: McIntosh class, Mt Wilson magnetic class, 

PIL length, magnetic properties, é

Å Observed probability for a region with a given characteristic to flare

Flares & eruptions forecasting approach
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Flaring/eruptivity criterion

Å Single criteria alone always 

gives very poor prediction

ïCombination of several 

criterion improves prediction.

Å Č Prediction criterion are 

only based on necessary 

conditions for eruption 

ï e.g. based on the energy 

build-up of active region

Å No clear physical criterion 

of sufficient conditions for 

eruption trigger

(Leka & Barnes 07)
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Eruptivity prediction & numerical modeling 

Å Search for eruptivity criterion 

is almost exclusively based on 

observational datasets é

Å é and barely benefits from 

the recent tremendous 

improvements in numerical 

modeling .

Å Useful numerical models must 

present several cases either 

eruptive or stable, ideally

ï > 2 cases

ï depending on few number of 

parameters

Å Kusano et al. 2012: parametric 

analysis based on relative 

orientation of large scale sheared 

polarity and small scale 
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Motivations & Methodology

Å Goal: use flux emergence simulations to look 

for efficient eruptivity criterion

ï Leake et al. 2013 and Leake et al. 2014: 

Å7 flux emergence simulations 

Å3D visco-resistive MHD eq. solved with  

Lagrangian-remap code (Arber et al. 2001)

Ålead to eruptive and non-eruptive cases

Åvarying only an unique initial parameter

Å Methodology: - extract part of the magnetic field,

ï compute different physical quantities, 

ï search for the ones that discriminates between 

the eruptive and non-eruptive case

Å Guennou et al. 17: 2D photospheric mag. field

ï similarly to observed data

ï 99 physical quantities studied.

Å This talk: 3D coronal magnetic field B(z>0)
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Temperature

FR

Parametric flux emergence simulations
Å Twisted FR emerge in coronal arcade field 

Å Emerging twisted flux rope: identical in all 

cases

Å Overlying arcade field: 1 param. Č 7 cases

ï Signed strength, Bd, of the surrounding arcade 

magnetic field
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Temperature

FR

Parametric flux emergence simulations
Å Twisted FR emerge in coronal arcade field 

Å Emerging twisted flux rope: identical in all 

cases

Å Overlying arcade field: 1 param. Č 7 cases

ï Signed strength, Bd, of the surrounding arcade 

magnetic field

ï Bd=0: no surrounding field

ÅĄ stable flux rope in the corona

ÅNo eruption

ï Bd>0: same orientation of arcade field and 

azimuthal part of emerging field: interaction of // 

fields

ÅĄ formation of stable flux rope  

ÅNo eruption
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Temperature

FR

Parametric flux emergence simulations
Å Twisted FR emerge in coronal arcade field 

Å Emerging twisted flux rope: identical in all 

cases

Å Overlying arcade field: 1 param. Č 7 cases

ï Signed strength, Bd, of the surrounding arcade 

magnetic field

ï Bd=0: no surrounding field

ÅĄ stable flux rope in the corona

ÅNo eruption

ï Bd>0: same orientation of arcade field and 

azimuthal part of emerging field: interaction of // 

fields

ÅĄ formation of stable flux rope  

ÅNo eruption

ï Bd<0: opposite orientation of arcade field and 

azimuthal part of emerging field: interaction of anti-

// fields

ÅĄ reconnection and formation of unstable flux 

rope  

ÅEruptive behavior
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Search for eruptivity criterion

Å Eruptive simulations: onset at t ~ 120 t0

Å Non-eruptive simulation stable > 400 t0

Å Goal: search for eruptivity indicators 

from 3D coronal magnetic datacube

Å Good eruptivity criterion should:

ï Discriminate eruptive and non-eruptive 

sim. during pre-eruptive phase

ï Reach its highest value 

Åfor eruptive simulation only, 

Åduring the pre-eruptive phase only.

ï Present similar trend for eruptive and 

non-eruptive sim. in post-eruptive phase 

12

Å Emerging twisted flux rope: identical in all cases

Å Overlying arcade field: 1 parameter Č 7 cases
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Magnetic fluxes

Å Reference magnetic flux depends on the 

arcade field strength

Å Injected flux by emerging flux rope is 

roughly identical for all 7 simulations
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