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Number of flares N(E)

Context: SOC models and solar flares

Observational evidences

Power-law distribution functions
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Physical interpretation(s)

(i) Open dissipative (i) Slow driving by
system photospheric motions
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(iii) Self-limiting local Courtesy D. Passos
threshold instability n
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Context: avalanche models and predictive capabilities

% Goal: predict large and rare events.
Can SOC model provide us a way?

SOHO/EIT
% If yes, couple them to data assimilation 2003/11/04 15:48
techniques GOES Xroy Flux (5 minute dot9) gagn: 2003 oy 3 0000 uTe
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% Two «conflicting» aspects of SOC models: i
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< Stochastic component .
< Stress pattern from past history :
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Outline

% Avalanche models: variation on the driving scheme

The Lu & Hamilton model
The « Georgoulis & Vlahos » model
A deterministic model

R/ R/ R/
%S %0 o

% Defining ensemble averages and predictive capabilities

% Can we really predict something, or do we only model a statistical
distribution?
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The Lu & Hamilton model

% Model characteristics:

< Purely random driving on one node
B, j, += 0B, (€ [01,02])

» Conservative redistribution rule

* Fixed threshold

B; — = i
(Zij > Zc) — { ST L - 0B

[Lu & Hamilton '91,’93]
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The «Georgoulis & Vlahos» model

% Model characteristics:

<% Power-law random driving on one node

Bi, . += 6B, (P(6B,)xdB, %)

-

000000

» Conservative redistribution rule

* Fixed threshold

B — = 455
(Zij > Ze) — { ST L - 0B

[Georgoulis & VIahos ‘96,’98]
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The «Georgoulis & Vlahos» model

% Model characteristics:

<% Power-law random driving on one node
B, +=0B, (POB,)x 3B

» Conservative redistribution rule

-
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* Fixed threshold

B — = 455
(Zij > Ze) — { ST L - 0B

[Georgoulis & VIahos ‘96,’98]
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The «Georgoulis & Vlahos» model (cont’d)
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Characteristic slopes of avalanche properties linearly depend on the
power-law exponent of the random driver
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A deterministically-driven model

J -
% Model characteristics:
O 6 6 0 0
" ’ ® O % Deterministic driving on all nodes
i @ "'?". O Bi,j :Bz,j (1—|—€) \V/(Z,]), e <1
@ © 6 0O
‘ ‘ ‘ ‘ ‘ % Conservative redistribution rule
‘ ‘ ‘ ‘ ‘ * Random process in extraction, redistribution
‘ ‘ ‘ ‘ ‘ and/or threshold
(Zi; > Z0) — Bij "
1,7 C it Tk
Bit1,j+1 += FoB,

rr random deviate € [0,1] (k € {1,4}) > i =i
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Physical interpretation of deterministic driving

B(w,¢,t) =V x (A,(w, ¢,t)z) + B,z

A;fjle;fjx(l glatei< 15 RCE

V X (AZZ) Is primarily in the @-direction

—

Twist of the flux tube!

[Bareford et al 2013]
Université f'“‘\ 9
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Physical interpretation of deterministic driving

B(w,¢,t) =V x (A,(w, ¢,t)z) + B,z

A’gfjl:A;?;jxu glatei< 15 RCE

DB: 0016.lid
Cycle: 14 Time:80.0091

V X (AzZ) Is primarily in the @-direction

—

Twist of the flux tube!

user: bareford
Sat Feb 26 21:03:46 2011

[Bareford et al 2013]
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Deterministically-driven and conservative models:
loading/unloading cycles
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Deterministically-driven and conservative models:
loading/unloading cycles

Need a different redistribution rule to break it
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A deterministically-driven non-conservative model

[Olami et al '92; Liu et al '06]
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% Model characteristics:

% Deterministic driving on all nodes

B;j =B;;-(1+¢€) V(i,j), e<1

% Non-conservative redistribution rule

,
B;

(Zz',' > Zc) —

\

random rg € | D, 1]

* Fixed threshold
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A deterministically-driven non-conservative model

[Olami et al '92; Liu et al '06]
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% Model characteristics:

<% Deterministic driving on all nodes

B;j=Bi;-(1+¢€) V(i,j),(e 1

% Non-conservative redistribution rule

,
Bi;

(Zz',' > Zc) —Z

\

random ry € @ 1]

* Fixed threshold
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A deterministically-driven non-conservative model (cont'd
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D = 0.99, eps = 1le-07
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A deterministically-driven non-conservative model (cont'd
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Statistical properties of the models we considered

% Lattice 48x48
* GV: alpha=1.6
* D1:D=04

 D2: D=0.8
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Statistical properties of the models we considered

% Lattice 48x48
* GV: alpha=1.6
* D1:D=04

 D2: D=0.8
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How to «predict» from an avalanche model?

What is the maximum avalanche energy
occuring in the next At?
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Avalanche energy

Time window definition
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CWT

Time window definition (cont’d)

Cumulative waiting time

L | T T T T T T T I T I | T

—_— | H - D]

Avalanche energy
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% Cumulative WT Te = mean waiting
time to the next avalanche bigger
than x

% Time window defined such that
Tw < TE /1 O

% Equivalent results for all (1e, Tw)
tested in each model
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Time and energy prediction:
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Time and energy prediction: LH & GV models
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Predictive capabilities
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«Ambiguous» predictions

Double peaked energy distribution
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Conclusions

% By analyzing different avalanche models based on the original LH
model, we obtained very different predictive capabilities

% The classical LH model is not well suited for practical prediction of
solar flares

% The new deterministic model we developed possess very strong
predictive capabilities
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Conclusions

% By analyzing different avalanche models based on the original LH
model, we obtained very different predictive capabilities

% The classical LH model is not well suited for practical prediction of
solar flares

% The new deterministic model we developed possess very strong

predictive capabilities

Perspectives

% Coupling to assimilation data technique using GOES Xray fluxes

% Estimates of Heidke and climatological skill scores of SOC models for
large (M, X) flares prediction
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Using data assimilation in SOC models
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[Bélanger et al 2007]
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% Create synthetic data from SOC
model

% 4DVAR method: use the adjoint
formulation to modify the initial
condition
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On the physical interpreation of the noda

[Charbonneau 2013;
chap 12 in new SOC book]
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Variations of the deterministic model: conservative
redistribution rules

% Where to put the random process?

B, = — o5z
< Random extraction (Zi,j > Zc) - { Bz’il,j:lzl + = 0B,
+ Random threshold Zi; > Z, &

andom thresho (Zsj > Z7) _>{ ISHELIL A - = MNeB)
% Random redistribution (Z, . > Z_ < v
L) — { Biti1j41 += FHoB

rr random deviate € [0,1] (k € {1,4}) P =

k
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Avalanches characteristics in the
deterministic non-conservative model
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4DVAR Algorithm

Read initial conditions

L

DMNS simulation

i

Output: DNS forecast

™

o

k'

Read observations

b

Evaluate cost function

QOutput:
optimal (4D-VAR) forecast

Cost
function
minimized”?!
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Mew initial conditions

h

DMNS simulation
MNew forecast
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