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Physics-Based Approach to Predict the Solar Activity Cycles
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Observations of the complex highly non-linear dynamics of global turbulent flows and magnetic fields are currently available only from Earth-side observations. Recent progress in helioseismology has provided us some additional
information about the subsurface dynamics, but its relation to the magnetic field evolution is not yet understood. These limitations cause uncertainties that are difficult take into account, and perform proper calibration of dynamo models.
The current dynamo models have also uncertainties due to the complicated turbulent physics of magnetic field generation, transport and dissipation. Because of the uncertainties in both observations and theory, the data assimilation
approach is natural way for the solar cycle prediction and estimating uncertainties of this prediction. | will discuss the prediction results for the upcoming Solar Cycle 25 and their uncertainties and affect of Ensemble Kalman Filter
parameters to resulting predictions.
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Test predictions of Salar Cycles 23 (top row) and 19 (bottom) reveal influence of the number of ensemble members on ability of the dynamo model to predict future activity cycles.

Discrepancies between the model solutions and observational data for Solar Cycles 10 - 18, and synthetic data generated Uncertainties in Prediction of the Solar Cycle 25
for dlﬁerent number of ensemble members in test cases of the prediction for Solar Cycle 19. T T T T T T T
A

e monbers — 30, 10— : Lt Early estimation of properties of Solar Cycle 2] Updated precicton
Synoptic magnetogram. The color scale is saturated at +/-15G. The yellow dashed lines indicate different For avalable abservations For synthetic observations [ 25 for the sunspot number version 2.0 shows 1) Cmesetes)
o i 1962 o o1 (cycles 10-18) g pachtomal b | prediction obtained for observations which R —

1 1 Solar Cycle 19 include the sunspot number data up to the solar 200 field reversal (time=2015.5) 4

. minimum in 2008 (green curve); 2) prediction L rom previous predicton,

g obtained for last observation during the polar Q\ﬂ Jast Sumspot mumber a1 3008.5

$ magnetic field reversal (purple/violet); 3) £ 150.]

prediction obtained using all currently available V1

observations up to 2017 (red curve). Blue curve
shows the best EnKF estimates of the previous
cycles based on the dynamo model (4) and all
available sunspot observation (red circles).

sin(latitude)
sunspot numbper

1870 1880

\ ]
ﬂ

year
Comparison of best estimates of the sunspot number variations according to the annual sunspot numbers (blue curves),
[ future observations (red curve) and monthly sunspot numbers.
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maximum activity (up to 2 — 2.5-years long).




