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1. Introduction

The observed secular variation of the geomagnetic beld is assumed to reRect the convective dynamics of the Earthis Ruid outer core. Time-dependent models of the beld are
used to invert for the Bow just beneath the core surface. However, it is unclear how well core motions on interannual time scales like geostrophic torsional Alfvén waves and
quasi-geostrophic (QG) Alfvén waves can be resolved by this process. Here, we present a synthetic study using a state-of-the-art numerical geodynamo simulation that
features fast hydromagnetic waves to investigate whether such rapid dynamics can be rendered by core Bow inversions.

2. Method
1) use so-called 71%-path numerical dynamo simulation (Aubert and Gillet, 2021)  3) obtained beld model is inverted for the Bow at the surface of the simulated core
to generate synthetic geomagnetic beld observations with a temporal and spatial by using the sequential data assimilation tool pygeodyn (Huder et al., 2019)"
distribution comparable to ground and satellite observations available from 1960
to 2020" N> use 50%-path (mid-path) dynamo model (Aubert, 2018) as prior for the
inversion"

N> Alfvén time Ta =L "Pp/B = 5.8 yr in simulation, compared to 2 yr in Earthis

core To assess how well we recover the reference Row (analogously the magnetic peld)

~ rovided by the 71%-path dynamo, we compute"
N> Alfvén waves propagate slower in the numerical model" P 4 Ly 4 P

# correlation coe ! cient (Rau et al., 2000):" c= -+ Un- u;lp ds
N> consider a segment of the 71%-path dynamo corresponding to 2.9 x 60 yr = h ( v ) Un - Up dS ‘—l‘J;lp . u;lp das
174 yr of simulated time to ensure the same number of observations per
Alfvén time as in the case of the Earth" ) . . TTug — u/*|ds
# point recovery factor (similar to Amit et al., 2007):" p=1-— 07| ds
u
2) construct magnetic peld model constrained by synthetic data adopting the same n
algorithm as for the COV-OBS.x2 geomagnetic beld model (Huder et al., 2020) These measures are also computed locally (perfect recovery: c=p=1)
3. Results

# Row pattern of the 71% path dynamo is recovered fairly well by
the inverted core Rows (correlation coe ! cient close to 1 in most
regions, see Fig. 1c)"

r(a) pygeodyn (b) pygeodyn (c) correlation coefficient \

# amplitude of the Row is estimated less reliably (small values of
the point recovery factor, see Fig. 1f)
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Figure 1 - Hammer projections of snapshots of ug and Ug of the Bow model inverted with pygeodyn (based on 8750 5800 Baso 8300 8750 5800 B850 8300
magnetic beld model with 2.9 yr knot spacing) (a-b) and of the 71%-path dynamo model (d-e) at time t = 8856. (c) Time [yr] Time [yr]
Vector correlation coe ! cient and (f) point recovery factor between the inverted and reference Rows. j Cigure 2 - (a) Correlation coe I cient and (b) point recovery factor as a function of timej
F (a) ug at 0°N (pygeodyn) (b) u,j at 0°N (71% path dynamo) \
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# inverted Bow shows signature of jerk event (which is triggered by 601 v 1 ’ s
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Figure 3 - (a-b) Uy band-pass Pltered between La and 5-1la atthe equator as a function of time and

K longitude. (c-d) Zonal part of ug band-pass bltered between ta and 5 La as a function of time and longitude. J

4. Conclusions

¥ inverted core Rows reRect the longer-term evolution (i.e. decadal to centennial time scales) of the reference Row (in particular in terms of the Row pattern) fairly well

¥ Ruid motions on interannual time scales are reconstructed much less reliably

¥ signatures of quasi-geostrophic Alfvén waves and (possibly) Magneto-Coriolis modes can be detected

¥ geostrophic torsional Alfvén waves (torsional oscillations) with a periodicity of 1 20 years (similar to 6 year periodicity in the case of the Earthls core) can be observed

¥ amplitude of the Row (especially on interannual time scales) is underestimated
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