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OVERVIEW

Introduction to SOLA

= Subtractive Optimally Localized Averages

Producing pygeodyn core surface flows
= General methodology
= Challenges incorporating SOLA into existing pygeodyn

Current Results

Future directions
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Introduction to SOLA

= Subtractive Optimally
Localized Averages (SOLA)

= Produce averaging kernels to
obtain stable local estimates
of the time derivatives of MF
at the CMB (or other radii)

= Can be used to produce high
resolution models of spatio-
temporally localized SA and
SV

(a) Map collecting local estimates of CMB radial field B, (ro, to) in [uT).

FIGURES FROM HAMMER AND FINLAY, 2018
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Introduction to SOLA

= Subtractive Optimally
Localized Averages (SOLA) 16
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* Produce averaging kernels to -
obtain stable local estimates
of the time derivatives of MF

at the CMB (or other radii)
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= Can be used to produce high
resolution models of spatio-
temporally localized SA and
SV

(a) SV averaging kernel for A = 2.5 x 10~*nT . Kernel width ~ 30°.

FIGURE FROM HAMMER AND FINLAY, 2018
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Producing pygeodyn core surface flows

» Time-dependent stochastic flow inversion model with a
Kalman filter

Observation Point

“True’ Magnetic Field
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Producing pygeodyn core surface flows

» Time-dependent stochastic flow inversion model with a
Kalman filter

Ensemble of stochastic
field forecasts based off of
dynamo simulations

Forecasting steps for each
time interval
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Producing pygeodyn core surface flows

» Time-dependent stochastic flow inversion model with a
Kalman filter

Analysis of the ensemble of models
compared to the observation
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Producing pygeodyn core surface flows

» To maximise the benefit of the SOLA data, we want to
incorporate the spatial weighting into our flow inversions

= For SOLA location j, we have to consider all the Lebedev
locations i

Observation operator
Observation Data

Yy SOLA _ [] ., «— Observed data in spectral form

H; = E?_hlb ’fﬂ(j? i)M(gia th)G[A(b)? I]

ST T

Sum over the locations
Locations of the Lebedev points Gaunt-Elsasser

Averaging kernel from SOLA
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Current Results
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Current Results - SV Spectral Energy

S = f(Lsv)

Lowes-Mauersberger spectrum
™ —a— CHAOS-7 - {5(SV)}

- CHAOS-7 - {S(ER)}
. —m— test SOLA - {S(SV)}
weoees test SOLA - {S(ER)}
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Current Results - Flow Spectral Energy

S =f(Ly)
Lowes-Mauersherger spectrum
60 —a— CHAOS-7 - {S(U)}

—e— test SOLA - {S(}
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Future Directions
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= Run over a longer time- g 250 444 LA "S
H 2 500 0.35 <
series that covers all of [ = T ,“-“““} ‘“ 000 £
the satellite era 5 Ny e
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point estimates for s : VI R i
regional studies 50 FECTENAA 1.05
= 40 0.70
§ 20 035 T
% 0 . ALl T/ /4 ‘“:f‘” 0.00 ;E;
= Investigate shorter period : B
wave dynamics e o
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FIGURE FROM ISTAS ET AL., 2023
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