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Figure 1 - Hammer projections of snapshots of      iand      of the flow model inverted with pygeodyn (based on 
magnetic field model with 2.9 yr knot spacing) (a-b) and of the 71%-path dynamo model (d-e) at time t = 8856. (c) 
Vector correlation coefficient and (f) point recovery factor between the inverted and reference flows.

1. Introduction

2. Method

Figure 3 - (a-b)      iband-pass filtered between       andiii 5      at the equator as a function of time and 
longitude. (c-d) Zonal part of       band-pass filtered between        and 5         as a function of time and longitude.

3. Results

4. Conclusions

The observed secular variation of the geomagnetic field is assumed to reflect the convective dynamics of the Earth’s fluid outer core. Time-dependent models of the field are 
used to invert for the flow 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 flow inversions.

1) use so-called 71%-path numerical dynamo simulation (Aubert and Gillet, 2021) 
to generate synthetic geomagnetic field observations with a temporal and spatial 
distribution comparable to ground and satellite observations available from 1960 
to 2020


—> Alfvén time                               5.8 yr in simulation, compared to 2 yr in Earth’s 
iiiiiii core


—> Alfvén waves propagate slower in the numerical model


—> consider a segment of the 71%-path dynamo corresponding to 2.9 x 60 yr = 
iiiiiiii174 yr of simulated time to ensure the same number of observations per 
iiiiiiiiAlfvén time as in the case of the Earth


2) construct magnetic field model constrained by synthetic data adopting the same 
algorithm as for the COV-OBS.x2 geomagnetic field model (Huder et al., 2020)

3) obtained field model is inverted for the flow at the surface of the simulated core 
by using the sequential data assimilation tool pygeodyn (Huder et al., 2019)


—> use 50%-path (mid-path) dynamo model (Aubert, 2018) as prior for the 
iiiiiiiuinversion


To assess how well we recover the reference flow (analogously the magnetic field) 
provided by the 71%-path dynamo, we compute


• correlation coefficient (Rau et al., 2000):


• point recovery factor (similar to Amit et al., 2007):


These measures are also computed locally (perfect recovery:                  )

• inverted core flows reflect the longer-term evolution (i.e. decadal to centennial time scales) of the reference flow (in particular in terms of the flow pattern) fairly well

• fluid 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 ≈ 20 years (similar to 6 year periodicity in the case of the Earth’s core) can be observed

• amplitude of the flow (especially on interannual time scales) is underestimated
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• band-pass filter flow between     and 5     to isolate rapid 
motions on “interannual” time scales


• amplitude of the flow on “interannual” time scales is 
underestimated in inverted flow


• inverted flow shows signature of jerk event (which is triggered by 
QG-Alfvén waves) and westward travelling waves which could 
be QG Magneto-Coriolis modes (see Fig. 3a-b)


• axisymmetric torsional Alfvén waves with periodicity of ≈ 20 
years can partially be recovered (see Fig. 3c-d)

• flow pattern of the 71% path dynamo is recovered fairly well by 
the inverted core flows (correlation coefficient close to 1 in most 
regions, see Fig. 1c)


• amplitude of the flow is estimated less reliably (small values of 
the point recovery factor, see Fig. 1f)

Figure 2 - (a) Correlation coefficient and (b) point recovery factor as a function of time. 
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· τA
<latexit sha1_base64="CnfpXxQ1g6G8NckfMUZNMmiu5Ws=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCBymJCOqt6sVjBWMLTQibzaZduvlgd6KU2J/ixYOKV/+JN/+N2zYHbX0w8Hhvhpl5QSa4Asv6NipLyyura9X12sbm1vaOWd+9V2kuKXNoKlLZDYhigifMAQ6CdTPJSBwI1gmG1xO/88Ck4mlyB6OMeTHpJzzilICWfLPu0jAF7B5jF0juF5dj32xYTWsKvEjskjRQibZvfrlhSvOYJUAFUapnWxl4BZHAqWDjmpsrlhE6JH3W0zQhMVNeMT19jA+1EuIolboSwFP190RBYqVGcaA7YwIDNe9NxP+8Xg7RuVfwJMuBJXS2KMoFhhRPcsAhl4yCGGlCqOT6VkwHRBIKOq2aDsGef3mROCfNi6Z9e9poXZVpVNE+OkBHyEZnqIVuUBs5iKJH9Ixe0ZvxZLwY78bHrLVilDN76A+Mzx+52ZM1</latexit><latexit sha1_base64="CnfpXxQ1g6G8NckfMUZNMmiu5Ws=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCBymJCOqt6sVjBWMLTQibzaZduvlgd6KU2J/ixYOKV/+JN/+N2zYHbX0w8Hhvhpl5QSa4Asv6NipLyyura9X12sbm1vaOWd+9V2kuKXNoKlLZDYhigifMAQ6CdTPJSBwI1gmG1xO/88Ck4mlyB6OMeTHpJzzilICWfLPu0jAF7B5jF0juF5dj32xYTWsKvEjskjRQibZvfrlhSvOYJUAFUapnWxl4BZHAqWDjmpsrlhE6JH3W0zQhMVNeMT19jA+1EuIolboSwFP190RBYqVGcaA7YwIDNe9NxP+8Xg7RuVfwJMuBJXS2KMoFhhRPcsAhl4yCGGlCqOT6VkwHRBIKOq2aDsGef3mROCfNi6Z9e9poXZVpVNE+OkBHyEZnqIVuUBs5iKJH9Ixe0ZvxZLwY78bHrLVilDN76A+Mzx+52ZM1</latexit><latexit sha1_base64="CnfpXxQ1g6G8NckfMUZNMmiu5Ws=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCBymJCOqt6sVjBWMLTQibzaZduvlgd6KU2J/ixYOKV/+JN/+N2zYHbX0w8Hhvhpl5QSa4Asv6NipLyyura9X12sbm1vaOWd+9V2kuKXNoKlLZDYhigifMAQ6CdTPJSBwI1gmG1xO/88Ck4mlyB6OMeTHpJzzilICWfLPu0jAF7B5jF0juF5dj32xYTWsKvEjskjRQibZvfrlhSvOYJUAFUapnWxl4BZHAqWDjmpsrlhE6JH3W0zQhMVNeMT19jA+1EuIolboSwFP190RBYqVGcaA7YwIDNe9NxP+8Xg7RuVfwJMuBJXS2KMoFhhRPcsAhl4yCGGlCqOT6VkwHRBIKOq2aDsGef3mROCfNi6Z9e9poXZVpVNE+OkBHyEZnqIVuUBs5iKJH9Ixe0ZvxZLwY78bHrLVilDN76A+Mzx+52ZM1</latexit>

τA
<latexit sha1_base64="WoL+tV0BQJSrPis57V/Z+jiYejE=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3qxWMFYwttKJvtpl262cTdiVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPJsk04z5LZKJbITVcCsV9FCh5K9WcxqHkzXB4M/GbT1wbkah7HKU8iGlfiUgwilZqdZBm3fxq3K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx675gcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJs+TntCcoRxZQpkW9lbCBlRThjaisg3Bm395kfintcuad3dWrV8XaZTgEI7gBDw4hzrcQgN8YCDhGV7hzXl0Xpx352PWuuQUMwfwB87nD5Pkj9w=</latexit><latexit sha1_base64="WoL+tV0BQJSrPis57V/Z+jiYejE=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3qxWMFYwttKJvtpl262cTdiVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPJsk04z5LZKJbITVcCsV9FCh5K9WcxqHkzXB4M/GbT1wbkah7HKU8iGlfiUgwilZqdZBm3fxq3K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx675gcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJs+TntCcoRxZQpkW9lbCBlRThjaisg3Bm395kfintcuad3dWrV8XaZTgEI7gBDw4hzrcQgN8YCDhGV7hzXl0Xpx352PWuuQUMwfwB87nD5Pkj9w=</latexit><latexit sha1_base64="WoL+tV0BQJSrPis57V/Z+jiYejE=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3qxWMFYwttKJvtpl262cTdiVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPJsk04z5LZKJbITVcCsV9FCh5K9WcxqHkzXB4M/GbT1wbkah7HKU8iGlfiUgwilZqdZBm3fxq3K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx675gcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJs+TntCcoRxZQpkW9lbCBlRThjaisg3Bm395kfintcuad3dWrV8XaZTgEI7gBDw4hzrcQgN8YCDhGV7hzXl0Xpx352PWuuQUMwfwB87nD5Pkj9w=</latexit>

· τA
<latexit sha1_base64="CnfpXxQ1g6G8NckfMUZNMmiu5Ws=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCBymJCOqt6sVjBWMLTQibzaZduvlgd6KU2J/ixYOKV/+JN/+N2zYHbX0w8Hhvhpl5QSa4Asv6NipLyyura9X12sbm1vaOWd+9V2kuKXNoKlLZDYhigifMAQ6CdTPJSBwI1gmG1xO/88Ck4mlyB6OMeTHpJzzilICWfLPu0jAF7B5jF0juF5dj32xYTWsKvEjskjRQibZvfrlhSvOYJUAFUapnWxl4BZHAqWDjmpsrlhE6JH3W0zQhMVNeMT19jA+1EuIolboSwFP190RBYqVGcaA7YwIDNe9NxP+8Xg7RuVfwJMuBJXS2KMoFhhRPcsAhl4yCGGlCqOT6VkwHRBIKOq2aDsGef3mROCfNi6Z9e9poXZVpVNE+OkBHyEZnqIVuUBs5iKJH9Ixe0ZvxZLwY78bHrLVilDN76A+Mzx+52ZM1</latexit><latexit sha1_base64="CnfpXxQ1g6G8NckfMUZNMmiu5Ws=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCBymJCOqt6sVjBWMLTQibzaZduvlgd6KU2J/ixYOKV/+JN/+N2zYHbX0w8Hhvhpl5QSa4Asv6NipLyyura9X12sbm1vaOWd+9V2kuKXNoKlLZDYhigifMAQ6CdTPJSBwI1gmG1xO/88Ck4mlyB6OMeTHpJzzilICWfLPu0jAF7B5jF0juF5dj32xYTWsKvEjskjRQibZvfrlhSvOYJUAFUapnWxl4BZHAqWDjmpsrlhE6JH3W0zQhMVNeMT19jA+1EuIolboSwFP190RBYqVGcaA7YwIDNe9NxP+8Xg7RuVfwJMuBJXS2KMoFhhRPcsAhl4yCGGlCqOT6VkwHRBIKOq2aDsGef3mROCfNi6Z9e9poXZVpVNE+OkBHyEZnqIVuUBs5iKJH9Ixe0ZvxZLwY78bHrLVilDN76A+Mzx+52ZM1</latexit><latexit sha1_base64="CnfpXxQ1g6G8NckfMUZNMmiu5Ws=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCBymJCOqt6sVjBWMLTQibzaZduvlgd6KU2J/ixYOKV/+JN/+N2zYHbX0w8Hhvhpl5QSa4Asv6NipLyyura9X12sbm1vaOWd+9V2kuKXNoKlLZDYhigifMAQ6CdTPJSBwI1gmG1xO/88Ck4mlyB6OMeTHpJzzilICWfLPu0jAF7B5jF0juF5dj32xYTWsKvEjskjRQibZvfrlhSvOYJUAFUapnWxl4BZHAqWDjmpsrlhE6JH3W0zQhMVNeMT19jA+1EuIolboSwFP190RBYqVGcaA7YwIDNe9NxP+8Xg7RuVfwJMuBJXS2KMoFhhRPcsAhl4yCGGlCqOT6VkwHRBIKOq2aDsGef3mROCfNi6Z9e9poXZVpVNE+OkBHyEZnqIVuUBs5iKJH9Ixe0ZvxZLwY78bHrLVilDN76A+Mzx+52ZM1</latexit>

τA
<latexit sha1_base64="WoL+tV0BQJSrPis57V/Z+jiYejE=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3qxWMFYwttKJvtpl262cTdiVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPJsk04z5LZKJbITVcCsV9FCh5K9WcxqHkzXB4M/GbT1wbkah7HKU8iGlfiUgwilZqdZBm3fxq3K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx675gcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJs+TntCcoRxZQpkW9lbCBlRThjaisg3Bm395kfintcuad3dWrV8XaZTgEI7gBDw4hzrcQgN8YCDhGV7hzXl0Xpx352PWuuQUMwfwB87nD5Pkj9w=</latexit><latexit sha1_base64="WoL+tV0BQJSrPis57V/Z+jiYejE=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3qxWMFYwttKJvtpl262cTdiVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPJsk04z5LZKJbITVcCsV9FCh5K9WcxqHkzXB4M/GbT1wbkah7HKU8iGlfiUgwilZqdZBm3fxq3K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx675gcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJs+TntCcoRxZQpkW9lbCBlRThjaisg3Bm395kfintcuad3dWrV8XaZTgEI7gBDw4hzrcQgN8YCDhGV7hzXl0Xpx352PWuuQUMwfwB87nD5Pkj9w=</latexit><latexit sha1_base64="WoL+tV0BQJSrPis57V/Z+jiYejE=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3qxWMFYwttKJvtpl262cTdiVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPJsk04z5LZKJbITVcCsV9FCh5K9WcxqHkzXB4M/GbT1wbkah7HKU8iGlfiUgwilZqdZBm3fxq3K1U3Zo7BVkkXkGqUKDRrXx1egnLYq6QSWpM23NTDHKqUTDJx+VOZnhK2ZD2edtSRWNugnx675gcW6VHokTbUkim6u+JnMbGjOLQdsYUB2bem4j/ee0Mo4sgFyrNkCs2WxRlkmBCJs+TntCcoRxZQpkW9lbCBlRThjaisg3Bm395kfintcuad3dWrV8XaZTgEI7gBDw4hzrcQgN8YCDhGV7hzXl0Xpx352PWuuQUMwfwB87nD5Pkj9w=</latexit>

· τA
<latexit sha1_base64="CnfpXxQ1g6G8NckfMUZNMmiu5Ws=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCBymJCOqt6sVjBWMLTQibzaZduvlgd6KU2J/ixYOKV/+JN/+N2zYHbX0w8Hhvhpl5QSa4Asv6NipLyyura9X12sbm1vaOWd+9V2kuKXNoKlLZDYhigifMAQ6CdTPJSBwI1gmG1xO/88Ck4mlyB6OMeTHpJzzilICWfLPu0jAF7B5jF0juF5dj32xYTWsKvEjskjRQibZvfrlhSvOYJUAFUapnWxl4BZHAqWDjmpsrlhE6JH3W0zQhMVNeMT19jA+1EuIolboSwFP190RBYqVGcaA7YwIDNe9NxP+8Xg7RuVfwJMuBJXS2KMoFhhRPcsAhl4yCGGlCqOT6VkwHRBIKOq2aDsGef3mROCfNi6Z9e9poXZVpVNE+OkBHyEZnqIVuUBs5iKJH9Ixe0ZvxZLwY78bHrLVilDN76A+Mzx+52ZM1</latexit><latexit sha1_base64="CnfpXxQ1g6G8NckfMUZNMmiu5Ws=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCBymJCOqt6sVjBWMLTQibzaZduvlgd6KU2J/ixYOKV/+JN/+N2zYHbX0w8Hhvhpl5QSa4Asv6NipLyyura9X12sbm1vaOWd+9V2kuKXNoKlLZDYhigifMAQ6CdTPJSBwI1gmG1xO/88Ck4mlyB6OMeTHpJzzilICWfLPu0jAF7B5jF0juF5dj32xYTWsKvEjskjRQibZvfrlhSvOYJUAFUapnWxl4BZHAqWDjmpsrlhE6JH3W0zQhMVNeMT19jA+1EuIolboSwFP190RBYqVGcaA7YwIDNe9NxP+8Xg7RuVfwJMuBJXS2KMoFhhRPcsAhl4yCGGlCqOT6VkwHRBIKOq2aDsGef3mROCfNi6Z9e9poXZVpVNE+OkBHyEZnqIVuUBs5iKJH9Ixe0ZvxZLwY78bHrLVilDN76A+Mzx+52ZM1</latexit><latexit sha1_base64="CnfpXxQ1g6G8NckfMUZNMmiu5Ws=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCBymJCOqt6sVjBWMLTQibzaZduvlgd6KU2J/ixYOKV/+JN/+N2zYHbX0w8Hhvhpl5QSa4Asv6NipLyyura9X12sbm1vaOWd+9V2kuKXNoKlLZDYhigifMAQ6CdTPJSBwI1gmG1xO/88Ck4mlyB6OMeTHpJzzilICWfLPu0jAF7B5jF0juF5dj32xYTWsKvEjskjRQibZvfrlhSvOYJUAFUapnWxl4BZHAqWDjmpsrlhE6JH3W0zQhMVNeMT19jA+1EuIolboSwFP190RBYqVGcaA7YwIDNe9NxP+8Xg7RuVfwJMuBJXS2KMoFhhRPcsAhl4yCGGlCqOT6VkwHRBIKOq2aDsGef3mROCfNi6Z9e9poXZVpVNE+OkBHyEZnqIVuUBs5iKJH9Ixe0ZvxZLwY78bHrLVilDN76A+Mzx+52ZM1</latexit>
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c = p = 1
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