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Abstract

Following the observed pattern of a new geomagnetic jerk every 3-4 years, certain predictions suggested that a new
event should occur around 2020 after the one observed around 2017.5. In this work, we explore this scenario by ana-
lysing the secular variation of the East geomagnetic field component in both ground and satellite geomagnetic data.
At ground, we use the available data from 2015 to 2021 in 10 observatories worldwide distributed. This analysis shows
the occurrence of the mentioned jerk in mid-2017 at observatories located in the Pacific region, but also reveals a
new jerk between mid-2019 and early 2020 with a clear global character. Swarm satellite data also corroborate these
findings by means of the secular variation estimated using virtual observatories at 440 km altitude. In addition, a
general view using the most recent CHAOS geomagnetic model confirms the global character of the 2020-jerk with
V-shaped secular variation changes in meridional sectors covering the Eastern Pacific, America, Asia and the Indian
Ocean; and A-shapes in Europe, Africa and Western Pacific. The radial geomagnetic field at the core—mantle bound-
ary is investigated as the origin of the new jerk. Results show that the global-average secular acceleration of the radial
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field exhibits a new pulse at mid-2018, establishing the starting epoch of the 2020-jerk.

— Observatory and Swarm data reveal a new geomagnetic jerk around 2019-2020.
— A very recent geomagnetic field model indicates the global character of the new jerk.
— A new pulse at the CMB around mid-2018 seems to be the starting point of this jerk.
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Introduction

Since late 2013, the European Space Agency’s Swarm
mission (Friis-Christensen et al. 2006) has provided accu-
rate measurements of the geomagnetic field hundreds of
kilometres above the Earth’s surface. The three Swarm
satellites, together with the continuous monitoring of the
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ground observatories, allow the behaviour of the geo-
magnetic field to be described with unprecedented res-
olution. Among the numerous applications of this asset
is the ability to refine the modelling of the geomagnetic
main field, with implications for the dynamics of the
Earth’s outer core. In particular, we are interested in the
characterization of abrupt changes in the trend of the
geomagnetic secular variation (SV, the time derivative of
the geomagnetic main field components), a phenomenon
that has come to be known as geomagnetic jerk.
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The last two decades have been characterized by the
occurrence of geomagnetic jerks in 2003 (Olsen and
Mandea 2008), 2007 (Olsen et al. 2009), 2011 (Chulliat
and Maus 2014), 2014 (Torta et al. 2015), and the most
recent one in 2017, which was more regional in charac-
ter than the preceding ones (Hammer 2018; Whaler et al.
2020). This succession of events points to a regular pace
of about 3—4 years, suggesting that the jerks are caused by
an oscillatory phenomenon within the outer core (Man-
dea et al. 2010; Chulliat and Maus 2014). In fact, recent
studies (Kloss and Finlay 2019; Aubert and Finlay 2019)
have indicated that the alternating equatorial bursts of
flow acceleration, reflected in the radial geomagnetic field
at the core—mantle boundary (CMB), are a marker for the
occurrence of jerks. This phenomenon corresponds to the
dynamics of the equatorial quasi-geostrophic (QG) Alfvén
waves at the CMB that also modulates the variation in
length of the day (LOD, Holme and De Viron 2013). This
common geophysical source of jerks and LOD has been
studied by Duan and Huang (2020), pointing out that the
8.6-year characteristic period of the LOD and the rate of
3—4 vyears for the occurrence of jerks are indeed corre-
lated. Based on their results, these authors predicted the
occurrence of a new geomagnetic jerk during 2020-2021.

A geomagnetic jerk is not observed everywhere at the
same time and its amplitude depends on the location
(Brown et al. 2013). The simplest way to detect a geo-
magnetic jerk at the Earth’s surface is from the analysis of
geomagnetic data recorded by ground-based magnetom-
eters. Observatory practice involves an accurate revision
of the data being processed to detect possible instrumen-
tal issues or artefacts that may need to be (re)checked. In
this task, plots including the time evolution of the geo-
magnetic field components and its SV are useful to visu-
ally isolate problematic data. Using these plots, one can
identify the possible occurrence of a jerk if the slope of
the SV curve presents shape changes like V or A. When
this happens, an extended analysis including neighbour-
ing observatories is carried out in order to decipher the
regional or global character of the identified geomagnetic
jerk. In addition, the ultimate support and confirmation
of the occurrence of the jerk involves the use of satellite
data, which is materialized by means of global geomag-
netic field models. In terms of this kind of global model-
ling approach, the recent study of Wardinski et al. (2020)
about a model candidate for the 13th International Geo-
magnetic Reference Field (IGRF-13, Alken et al. 2021)
indicated the possible occurrence of two future geomag-
netic jerks in late 2020—early 2021, and in early 2024.

Apart from the previous approach to identify the
occurrence of jerks, there are other mathematical tech-
niques for this purpose, such as the use of wavelets
(Alexandrescu et al. 1996), Slepian functions (Kim and
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von Frese 2013) or nonlinear approaches (Qamili et al.
2013). Recently, Campuzano et al. (2021) have studied
the occurrence of jerks using the characteristics of the
South Atlantic Anomaly (SAA). They found a correla-
tion between the occurrence of jerks and the minima of
acceleration of the areal extent of the SAA. Their results
confirm the jerks of the last years including that of 2017.
In this work, we have explored and validated the afore-
mentioned prediction scenario for a jerk in 2020 by
analysing the geomagnetic data available from ground-
based observatories and Swarm satellites. At the ground
level, 10 observatories worldwide distributed have been
selected (not only because of geographical location, but
also looking for the best data availability), and regarding
the satellite data, we have used the Swarm-A spacecraft.

Data and results

The 2020-jerk in geomagnetic observatory data

In order to characterize the recent SV evolution, we have
used data from 10 globally distributed INTERMAGNET
(https://www.intermagnet.org) observatories (see loca-
tions in Figs. 3 and 4) for the last 6 years (from January
1st, 2015, to February 28th, 2021), for which the East
component (Y) has been employed assuming it is less
sensitive to changes of external origin (especially mag-
netospheric). To further mitigate the influence of the
external field, we have computed monthly mean values
Y based on 1-min observatory data, either definitive,
quasi-definitive or, exceptionally, provisional (in connec-
tion with this, the selection of the observatories was not
only based on the uniformity of geographical locations,
but also on the maturity of the available data). In addi-
tion, an estimate of the uncertainty AY of the monthly
mean is obtained as the average standard deviation of
the monthly means after detrending, where the latter is
based on the double linear fit of the SV data described
below. An alternative estimate of AY is obtained by the
standard deviation of the daily mean values of the month
divided by the square root of the number of days in that
month. Both methods give results fairly consistent with
each other, though we have used the first one in our cal-
culations. With the computed Y, the SV is calculated as
the difference in times ¢ + 6 months and ¢ — 6 months
(this is the standard way to estimate the SV, e.g. Chulliat
et al. 2010), i.e. SV = Y46 — Y;_¢, and its uncertainty is

estimated as ASV = \/AY 46+ AY? .

The above procedure has been applied to the geomag-
netic Y data of the 10 selected observatories. Results, in
terms of SV and ASV, are shown in Fig. 1 (see Additional
file 1: Figure S1, where the monthly means are also plot-
ted for each observatory). The obtained mean and SV
values have been compared with the estimations from
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Fig. 1 Secular variation (SV) of the East component Y at different observatory locations. Yellow dots represent the SV (with its error bars) computed
from the monthly mean observatory data. See the locations of the selected observatories in Fig. 3. Red and blue curves are the SV estimation at
the respective location given by the CHAOS-7.7 model (Finlay et al. 2020). Note that after August 2020 the changes in the curves (blue lines) from
CHAOS-7.7 are likely affected by the model regularization instead of the data (see Sect. 3 for more details)
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the CHAOS-7 model (Finlay et al. 2020, more informa-
tion about this model is given in “Discussion: a global
view from geomagnetic models” Section) for each obser-
vatory (red and blue lines in Fig. 1 and Additional file 1:
Figure S1). Results show that most of the selected obser-
vatories have recorded the 2020-jerk around the nomi-
nal epoch of 2020, for which a V-shape is discernible at
TUC, PST, BOX and KNY observatories, while a A-shape
is observed at API, ASC and EBR. For these observato-
ries, the SV curves from the CHAOS model agree except
for BOX and PST, where the 2020-jerk is well-recorded
by the data, but is not reflected in the geomagnetic
model for BOX and with a clear delay (about 1 year) in
PST. This could be because the SV in these observato-
ries shows narrower V-shapes than at the rest, making
the CHAOS model predictions at these sites more dif-
ficult. At FRD, neither the data nor the model clearly
show the jerk. Finally, at the location of LRM and CNB
the CHAOS model shows the jerk at the beginning of
2020, though the SV data from these observatories do
not record this event. In these latter cases, we think that
more data covering the year 2021 are needed to constrain

the jerk occurrence. It is worth noting that the SV of
the CHAOS-7 model in epochs after mid-2020 can be
strongly affected (edge effects) by some model parametri-
zations and thus it must be considered with caution (this
issue is better detailed in “Discussion: a global view from
geomagnetic models” Section). To remark this issue, the
SV model estimations in Fig. 1 are plotted with another
colour after mid-2020.

In order to obtain a global view of the characteristics of
the 2020-jerk, we calculated its amplitude and occurrence
time at different observatories covering a wide range of
longitudes. To estimate these parameters, we follow the
method of Pinheiro et al. (2011) based on the work of Le
Mouél et al. (1982), which essentially consists in a double
linear fit of the SV curve: one before the 2019/2020-jerk
and another one after that time. Continuity of the two
linear fits is imposed and the time of the jerk occurrence
is also adjusted so that the V or A shape minimizes the
residuals with respect to the monthly SV data of Fig. 1 in
the least squares sense (see the Additional file 1 for more
details). The amplitude of the jerk at each observatory is
taken as the difference of slopes before and after the jerk
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Table 1 Jerk occurrence time and amplitude at several observatories regarding the Y-component

2017 nominal jerk

2020 nominal jerk

Date (year) Amplitude (nT/year?) Date (year) Amplitude (nT/year?)

API - - 2019.77 £0.06 —18+2

TUC - - 2019.70+£0.08 73+10

ASC - - 2019.21+0.15 — 133412

EBR - - 201934+£0.12 —72%£10

LRM 2018.054+0.08 —60+04 - -

KNY - - 2019.97+£0.06 942

CNB 2017.20+0.02 6.7£04 - -

Positive amplitudes denote V-shapes, while negative amplitudes denote A-shapes of the SV trend. The "-" symbol indicates that the jerk was not evident at that

observatory or not enough data are available after the 2020-jerk

occurrence time. Additional file 1: Figure S2 shows the fit-
ted SV data at the selected observatories. Table 1 shows
the results and the associated uncertainties arising from
the error propagation of ASV. It should be noted, however,
that the true uncertainty of the parameters of the 2020-
jerk is somewhat higher than that reported in the table due
to the scarcity of data after the jerk as of the time of draft-
ing this manuscript, thus preventing a robust fit. A clear
example of this is the incipient change of slope guessed at
LRM observatory around mid-2020 (Fig. 1), which could
be the manifestation of the 2020-jerk in the region; how-
ever, in this case we have chosen not to include the fit due
to the lack of data after the minimum. The analysis for the
2017-jerk has been included in the table for completeness,
though its occurrence is not clear in most locations, even
for API in the Pacific at ground level (see Fig. 1).

The 2020-jerk in Swarm data

To analyse how the 2020-jerk has been recorded by
Swarm data, we have used all the satellite data available
for the Swarm-A satellite from January 1st, 2015, to Feb-
ruary 28th, 2021, i.e. the same time window as for obser-
vatories (note that any of the three Swarm satellites could
have been chosen interchangeably for this purpose). Its
dataset has been downloaded from the FTP server of
ESA (ftp://Swarm-diss.eo.esa.int) and it corresponds
to the Levellb product baseline 05 and file counter 05
(Olsen et al. 2013) that contains daily measurements
of the geomagnetic field at 1-Hz sampling rate (folders
Entire_mission_data/MAGx_LR/Sat_A in the cited FTP
server). Within the target time window, Swarm-A has
measured the geomagnetic field between 430 and 470 km
altitude, moving at a speed of about 7 km/s. Contrary
to its excellent global coverage, the satellite movement
makes it difficult to extract local mean values (monthly in
our case) with the quality given by the observatory data,
where the geomagnetic field is recorded at a fixed loca-
tion. To solve this handicap when calculating the SV of

the Y-component, we have treated the Swarm-A data fol-
lowing the modelling concept of the Geomagnetic Virtual
Observatories (GVO, Mandea and Olsen 2006; Olsen and
Mandea 2007; Hammer et al. 2021).

For each selected observatory location, we have first
extracted the Swarm-A data in a spherical region centred
at 440 km altitude over the observatory location with a
radius of 250 km. All the Swarm-A satellite tracks within
that 3D-region provide values of the Y-component at the
satellite coordinates as a function of time. Secondly, in
order to mitigate the effect of the external field contribu-
tions, we have applied the classical cleaning approach,
which consists in keeping satellite data from dark regions
and using some geomagnetic indices (Dst and a;) to
remove time periods of high external geomagnetic activ-
ity (see the Additional file 1 for more details about the
applied filters). Thirdly, the CHAOS-7.7 model is also
used to remove possible outliers and high data disper-
sion, comparing the filtered Swarm data and the model
estimations. Finally, to get a time-continuous series of the
Y-component at the fixed location of the GVO we have
relocated all the data to the centre of the spherical region.
To do that, we have shifted the satellite data to a com-
mon location according to the 3D-gradient provided by
the CHAOS-7.7 model. Then, the SV is computed using
overlapping windows 1.5 years in width moved every
month from 2015 to 2021. The slope of a linear fit applied
within each time window gives the SV. The SV uncer-
tainty is also obtained by the error of the linear fit. We
are aware that the GVO processing algorithm recently
developed by Hammer et al. (2021) is a more sophisti-
cated approach, but our technique is enough to elucidate
the main characteristics of the SV of the Y-component
during the last 6 years. Results from some representa-
tive observatory locations at 440 km altitude are shown
in Fig. 2 (see Additional file 1: Figure S3 for the rest of
observatory locations).
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Fig. 2 Yellow dots: SV and its uncertainty (vertical black lines) of the East component Y from Swarm-A data relocated at 440 km altitude over the
indicated observatory locations (see main text for details). Red/blue curves: SV estimation from CHAOS-7.7 model. Note that after August 2020 the
changes in the curves (blue lines) from CHAOS-7.7 are likely affected by the model regularization instead of the data (see Sect. 3 for more details)

These results confirm the previous observations at
ground level. The 2020-jerk is clearly recorded by the
Swarm-A data and is corroborated by the predictions of
the CHAOS-7.7 model calculated at the centre of each
spherical region. It is worth noting that the jerk is not
recorded at LRM in terms of the SV data at ground level
(see Fig. 1), however, the SV computed from the Swarm-
A data over this observatory shows the jerk around
2020.0. This fact reinforces our previous comment about
the lack of availability of observatory data during 2021 (at
the time of writing this work) to constrain the 2020-jerk
in this observatory. In addition, caution must be taken
after 2020.5 in the SV curves given by the CHAOS model
due to edge effects (see “Discussion: a global view from
geomagnetic models” Section for more details).

Discussion: a global view from geomagnetic
models

To further investigate the evidence of this new jerk
around 2020, we have used what is perhaps the most
recent spherical harmonic model of the main geomag-
netic field based on observatory and satellite data: the
7th release of the CHAOS-7 model (Finlay et al. 2020).
This geomagnetic model is developed using Swarm satel-
lite data up to 6th March 2021 and the available ground
observatory data up to February 2021 (new releases of
CHAOS can be found at https://www.space.dtu.dk).
Although CHAOS-7 provides information about the
geomagnetic main field (up to harmonic degree 15), the
crustal field (up to harmonic degree 110) and the exter-
nal field contributions, in this study, we just used its main
field contribution. It should be noted that the CHAOS-
7.7 model has some limitations after August 2020. The
model SV is strongly affected by the model regularization
instead of the data and this affects the SV estimations
during the final period of the occurrence of the 2020-jerk.

As a consequence, the SV changes (i.e. the SA) after mid-
2020 must be taken with caution along the present work.
However, this fact does not affect our findings about the
occurrence of a new jerk during 2019-2020.

To have a global picture of the occurrence of the 2020-
jerk, in Fig. 3a we have plotted the SV of the Y-com-
ponent in 250 locations homogeneously distributed
(following an equal area distribution) over the Earth’s
surface from January 1st, 2015, to February 28th, 2021.
To complement this figure, we have drawn up Hovmaoller
diagrams across three latitudinal profiles (Fig. 3b). This
type of diagram shows in the same panel the spatial and
temporal evolution of a variable along the selected pro-
file. Instead of plotting the SV values in the Hovmollers,
we have displayed the trend of the SV in terms of the sign
of its time derivative, i.e. the sign of the secular acceler-
ation (SA). Positive SA (red colour in Fig. 3b) indicates
periods of increasing SV, while a negative SA (blue col-
our) represents periods of decreasing SV. To highlight
the change of sign of the SA, i.e. the maximum or mini-
mum of the SV that identifies the occurrence of a jerk,
SA values close to 0 nT/year” are highlighted in white.
To point the utility of this plot, we give an example: for
a location at 100° W longitude on the Earth’s equator,
the SA is positive from 2015 to 2017 when the 2017-jerk
occurred (white colour). After that time, the SA turns
negative up to the beginning of 2019 when the new 2020-
jerk is observed in that location and, since then, the SA is
characterized by positive values (red colour). Note that,
for a given timeline, the change of sign of the SA from
positive to negative (i.e. from red to blue) corresponds to
A-shaped jerks, while that from negative to positive (i.e.
from blue to red) identify V-shaped jerks.

Considering the time window covering the last
6 years and as pointed out in the previous example,
results from Fig. 3 do not only show the occurrence of
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the 2020-jerk, but also the previous one around 2017. In
detail, according to the CHAOS estimations, the 2017-
jerk shows a clear regional character (Hammer 2018),
displaying A-shapes in the Eastern Pacific and Central-
North American regions around 2017 and V-shapes in
the Western Pacific and the Oceania continent. This
jerk has not been clearly recorded in the Atlantic region
(see Hovmollers between 50° W and 0° E for the three
latitudinal profiles) and the Indian meridional sector
(approx. between 50° E and 100° E). The second jerk
around 2019-2020 presents a more global character
and is practically observed everywhere, except for lon-
gitudes between 5° E and 50° E

To highlight the global evidence of the 2020-jerk, we
have explored the changes of the SA of the Y-compo-
nent at the Earth’s surface using the CHAOS model (i.e.
main field up to harmonic degree 15). These maps help
to identify areas where a jerk shows a higher impact
(see Chulliat et al. 2010). The SA changes (labelled here
as 8SA) at time ¢ have been estimated as the difference
of the SA between ¢+ 6 months and t—6 months (i.e.
the SA variation in one year). Maps of the 8SA of the
Y-component from August 2015 to June 2020 (given
as Additional file 2: Movie S1) show the spatial and
temporal evolution of equatorial patches at the Earth’s
surface that are reinforced during the periods of jerks
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observatory data (Table 1) is also given in parentheses (values in nT/yearz). Amplitudes are not estimated when the jerk was not evident at that

(Chulliat et al. 2010; Torta et al. 2015). Figure 4 shows
two snapshots corresponding to the epochs with the
most intense patches during the last 6 years. The first
map reflects the 2017-jerk and confirms its regional
character with the most intense patches located in the
Pacific region. In contrast, the second map shows the
global character of the 2020-jerk (the most intense four
patches are distributed across the entire equator) where
the locations of the previous observatories were plotted

to highlight the impact of this jerk on them. Just to
benchmark against previous jerk events, a comparison
of Fig. 4b with Fig. 3b of Torta et al. (2015) reveals the
patchier structure of the 2014-jerk as compared to that
of 2020, and a somewhat higher amplitude of the for-
mer in global terms. The latter is corroborated by ASC
and EBR observatory data (compare the amplitudes
given in Table 1 with those from Table 1 in Torta et al.
2015).
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In addition, to compare model estimations and
observatory data in terms of 8SA, we have also shown
in Fig. 4 the amplitude of the jerks given by the obser-
vatory data (values of Table 1). For the 2020-jerk, the
two negative 8SA patches (covering the Central-West-
ern Pacific Ocean and Western Africa regions) show
minimum values in agreement with the 8SA ampli-
tude calculated by using the data from API and ASC.
Unfortunately, no observatory is located close to the
maximum values of the two positive patches (covering
the Eastern Pacific and Indian Oceans), although the
OSA values from TUC and KNY agree with the model
estimations in the boundary regions of these patches.
This agreement confirms the occurrence of these four
patches of 8SA given by the CHAOS model during the
2020-jerk epoch.

Assuming that geomagnetic jerks are driven by pulses
of the secular acceleration of the geomagnetic field at the
CMB (Chulliat et al. 2010; Chulliat and Maus 2014; Kloss
and Finlay 2019), we have estimated the SA of the radial
field (Br) from January 1st 2015 to February 1st 2021 at
the CMB. We have calculated Br in a regular grid of about
10,000 points at the CMB using the CHAOS-7.7. To esti-
mate Br at the CMB a maximum harmonic degree of 6
is considered, thus avoiding the larger amplitudes asso-
ciated with the higher harmonic degrees (Chulliat et al.
2010). To estimate the SA we have calculated the second
derivative of Br with £+ 6 months and t—6 months.

Figure 5 contains four maps of the SA of Br (see also
Additional file 3: Movie S2) and the spatial global aver-
age of the square of SA of Br (black line in the centre
of the figure). Maps show alternating sign lobes close
to the equator with more intense values around 2016.0
(Figs. 5a) and mid-2018 (Fig. 5b). In fact, in those
epochs the global square average of SA of Br reaches
two maxima or pulses (marked as yellow squares in the
black line). This parameter varies substantially over the
past 20 years (see Finlay et al. 2015, 2016) and during
the last 5 years it has dropped by over 50% (i.e. from
7-10* in 2016 to 3-10* nT?/year* around mid-2020).
These two maps in around 2016.0 and 2018.5 also con-
firm the anti-correlation (in terms of positive/negative
values of SA) between the low-latitude patches in two
consecutive pulses related to the existence of equa-
torial waves propagating at the CMB (Chulliat et al.
2015). After the first pulse (Fig. 5a), the intensity of the
patches decreases (Fig. 5¢) and a minimum is detected
in the global square average of SA during mid-2017
(green square) in agreement with the 2017-jerk. Then,
the low-latitude patches reach intense values (Fig. 5b)
around mid-2018, moving to low intense values at the
end of 2019 where the 2020-jerk occurs (Fig. 5d and red
square in the blue line). It is important to note that this
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last map and the trend of the global square average of
the SA of Br close to the red square can be affected by
edge effects of the CHAOS model.

Finally, following Torta et al. (2015), we analysed the
coherence of the acceleration pulses at the CMB by
means of the power spectra (PS) of the SA of the coef-
ficients of the CHAOS-7.7 model. Additional file 1: Fig-
ure S4 shows the time variation of the SA power of each
harmonic degree from 1 (the dipole) to 8 for the last two
decades. The peaks, corresponding to the intermediate-
to-low harmonic degrees, clearly exhibit a 3-year period
oscillation with minima during the occurrence of the
jerks.

Conclusions

Although the geomagnetic main field exhibits a complex
behaviour in both space and time, whose detailed gener-
ating processes remain difficult to establish, recent stud-
ies indicate that its small-scale variation is driven by wave
oscillations at the core—mantle boundary. These waves
suggest a periodic pattern of 3—4 years in the secular
acceleration of the field that modulates the occurrence
of geomagnetic jerks. Since the last jerk occurred around
mid-2017, a new jerk was expected in around 2020.
Here, we have confirmed it through a comprehensive
study using both ground observatory and satellite data.
Our results allow the detection of a new jerk between
the end of 2019 and beginning of 2020. In contrast with
the regional character of the previous one in 2017, the
2020-jerk is seen more globally according to the obser-
vations and CHAOS model estimations. However, care
must be taken with this global character due to the limi-
tation of the CHAOS model after mid-2020. Despite the
observed SV variation ranges of the Y-component only
span around=+5 nT/year in most locations, thanks to
the quality of both observatory and Swarm data they are,
however, clearly visible. Following the methodology of
previous studies, an analysis using a spherical harmonic
model of the main field such as CHAOS provides impor-
tant insights into the origin of this jerk. A new pulse of
the secular acceleration of the radial field about mid-2018
at the core—mantle boundary seems to be the trigger
of the occurrence of this jerk. Finally, it is worth noting
that, similar to what happened with the 2014-jerk, this
new jerk occurred soon after the epoch of the latest data
available for the production of the IGRF-13 model (Alken
et al. 2021), which could affect the predicted secular vari-
ation derived from it. However, taking into account the
small amplitudes observed in the SA (from both geomag-
netic data and CHAOS model), this effect in the IGRF-13
forecast can be minimal.
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Fig. 5 Maps of the secular acceleration (SA) of the radial field Br at the CMB and the spatial average of its square value given by the black curve.
Maps in a February-2016 and b September-2018 correspond to the two maxima observed in the black curve (yellow squares). Map in ¢ June-2017
corresponds to the minimum presented in the black curve (green square) and map in d June-2020 is plotted at the end of the time window (red
square) where the black curve is decreasing

data (see "Discussion: a global view from geomagnetic models” Section
CMB: Core-mantle boundary; GVO: Geomagnetic virtual observatories; IAGA: of the main text for more details). Figure S2. Double linear fit of the
International Association of Geomagnetism and Aeronomy; IGRF: International Y-component SV at geomagnetic observatories leading to the values of
Geomagnetic Reference Field; PS: Power spectra; SA: Secular acceleration; SV: Table 1 (see main text). a and b refer to the 2017-jerk, while ¢ through
Secular variation. g correspond to the 2020-jerk. Figure S3. Yellow dots: SV of the East
component Y from Swarm-A data relocated at 440 km altitude over the
indicated observatory locations (see main text for details). Red and blue
curves: SV estimation from CHAOS-7.7 model. Note that after August 2020
the changes in the curves (blue lines) from CHAQOS-7.7 are likely caused

by the model regularization instead of the data (see "Discussion: a global
view from geomagnetic models”Section of the main text for more details).
Figure S4. SA power for each harmonic coefficient from the CHAOS-7.7
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