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Forecasting multiscale system
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The solar wind
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The solar wind

Solar wind-magnetosphere coupling
during a substorm
[Ala-Lahti, 2024]

Solar wind

Scales > 1 day
=> Capture the enhancement of the
| geomagnetic activity but wrong starting
Bow shock | : time and magnitude
Magnetosheath
Scales > 15 min
=> Capture the bulk of the coupling
interaction

Scales ~ 2 min (ULF)
=> Local enhancement of geomagnetic
activity, location of the energy transfer
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Multiscale challenge on forecasting the solar wind

——— MHD model ' 12
——— ACE observations N

(o]

o

o
T
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method that can
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Analogue forecast: Lorenz 1969

60,

50;

-~

40 Analogues

N 30r

Trajectories that have

20¢

10;

[Kabiraj, 2012]

‘e-;@_d Queen Mary

University of London

University of
< Reading



Analogue Ensemble forecast: the principle

HISTORICAL DATASET (potential analogues)
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Historical Dataset:

— Reference = Climatology Synodic recurrence
“Individuals —- Persistence | tgg 2005-2009.
Principle: - - - - : : :
Using the progression of an ensemble of < 100-
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Analogue Ensemble forecast: the principle

HISTORICAL DATASET (potential analogues)
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Pattern Progression

Historical Dataset:

— Reference = Climatology Synodic recurrence

“Individuals —- Persistence | tgg 2005-2009.
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Analogue Ensemble forecast: the principle

HISTORICAL DATASET (potential analogues)
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\ Pattern Matching / Historical Dataset:

try = 2004/10/06 14:58:00, Np =500 yarnry PI.SP 24s
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Analogue Ensemble forecast: the principle

HISTORICAL DATASET (potential analogues)
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Analogue Forecast Pattern Progression
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Analogue Ensemble forecast: the principle

HISTORICAL DATASET (potential analogues)
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Analogue Forecast Pattern Progression
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Analogue Ensemble forecast: Case study

tro = 2004/10/06 14:58:00, Nx = 500
— Reference --- Mean red. Synodic recurrence | tRg
Individuals — Spect. red.

= Choosing a reduction algorithm
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Analogue Ensemble forecast: Case study

tro = 2004/10/06 14:58:00, Nx = 500
— Reference --- Mean red. Synodic recurrence | tRg
Individuals — Spect. red.

/Choosing a reduction algorithm\

2271000 - .

£ is needed to compare the
— NN | ensemble to baselines or other
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Analogue Ensemble forecast: Case study

tro = 2004/10/06 14:58:00, Nx = 500
— Reference --- Mean red. Synodic recurrence | tRg
Individuals — Spect. red.
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Analogue Ensemble forecast: statistical resulits

VI, Nr =200, Ny =30, Tp =192s
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Analogue Ensemble forecast: statistical resulits

VI Nr =200, Ny =30, Tp =192s
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Analogue Ensemble forecast: statistical resulits
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Analogue Ensemble forecast: statistical resulits
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[Simon et al., 2025, Space Weather]

The An.En. method can be use as a baseline that work
as well as persistence and climatology and better than
the synodic recurrence. It can even do better than
both, for around 60% of the set of 200 dates, for all
quantities and a set of particular parameters.

A reduction of the ensemble based on the spectra of the
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