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Abstract

A regional harmonic spline geomagnetic main field model, Southern Africa Core Field Model (SACFM-3), is derived
from Swarm satellite and ground-based data for the southern African region, in the eastern part of the South Atlantic
Anomaly (SAA) where the field intensity continues to decrease. Using SACFM-3 and the global CHAOS-6-x9 model|,

a detailed study was conducted to shed light on the high spatial and temporal geomagnetic field variations over
Southern Africa between 2014 and 2019. The results show a steady decrease of the radial component Z in almost the
entire region. In 2019, its rate of decrease in the western part of the region has reached high values, 76 nT/year and
78 nT/year at Tsumeb and Keetmanshoop magnetic observatories, respectively. For some areas in the western part of
the region the radial component Z and field intensity F have decreased in strength, from 1.0 to 1.3% and from 0.9 to
1.2%, respectively, between the epochs 2014.5 and 2019.5. There is a noticeable decrease of the field intensity from
the south-western coast of South Africa expanding towards the north and eastern regions. The results show that the
SAA area is continuing to grow in the region. Abrupt changes in the linear secular variation in 2016 and 2017 are con-
firmed in the region using ground-based data, and the X component shows an abrupt change in the secular variation
in 2018 at four magnetic observatories (Hermanus, Hartebeesthoek, Tsumeb and Keetmanshoop) that needs further
investigation. The regional model SACFM-3 reflects to some extent these fast core field variations in the Z component
at Hermanus, Hartebeesthoek and Keetmanshoop observatories.
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Graphical Abstract

Abrupt changes n secular vanation

The secular variation trend in X, Y and Z ficld components between 2015.0 and 2019.0

observed in Southern Africa between 2015.0 and 2019.0 epochs

from the four INTERMAGNET observatories, HER, HBK, TSU and KMH

(black dots), with the two models, CHAOS-6-x9 (blue) and SACFM-3 (red). Gray lines represent piecewise linear fits to highlight abrupt changes of trend

Introduction
The Earth’s magnetic field variation in southern Africa
has been marked by unusual changes where the field
intensity has been decreasing rapidly in some of its
regions. Large parts of the western region that lie in the
easternmost part of the South Atlantic Anomaly (SAA),
stretching between southern Africa and South America,
have recognised more than 20% decrease of field inten-
sity over the last eight decades (Nahayo et.al., 2018). The
southern African region has also been known for many
years to have high spatial and temporal field variations
with strong abrupt changes in the linear geomagnetic
secular variation (Mandea et al., 2007; Kotzé and Korte,
2016; Kotzé, 2020). Some scholars have recently con-
ducted studies of rapid geomagnetic time variations in
southern Africa using regional models (Geese et al., 2009,
2011; Nahayo and Kotzé, 2012; Nahayo et al., 2015, 2018).
The study of the high spatial and temporal geomagnetic
field variations in this region requires good high-resolu-
tion data coverage to shed light on small-scale features of
temporal and spatial field variations. A Southern Africa
Core Field Model (SACFM-3) was developed combining
Swarm satellite and ground-based data recorded between
2014 and 2019. The regional model includes geomagnetic
repeat station data that was not used in global models,
and it might provide a more detailed view than global
models of the geomagnetic field variations in this region.
The SAA is a region of weak geomagnetic field inten-
sity at the Earth’s surface that includes most of the South
Atlantic Ocean, parts of South America and South
Africa. It is commonly attributed to reversed flux patches
(REPs) on the core—mantle boundary (CMB) (e.g. Terra-
Nova et al., 2017). The results of the study of the SAA
during the last 200 years by Pavon-Carrasco and De San-
tis (2016) reveal that the geomagnetic field presents two
patches of reversed polarity at the CMB that are grow-
ing and moving westward, and the continuous increase

of the area covered by the SAA has been interpreted as
a possible upcoming geomagnetic transition, such as
an excursion or reversal. However, this interpretation is
controversial as similar structures in the geological past
have been found not to lead directly to transitional events
(Brown et al., 2018). Tarduno et al. (2015) propose that
the unusual CMB composition and structure beneath
Southern Africa leads to core flux expulsion, resulting
in observed low field strengths in this region. Recently,
Campuzano et al. (2021) have linked the geomagnetic
jerks occurrence with the SAA by studying the changes
of the RFPs at the CMB and the area of the SAA at Earth’s
surface. The SAA region with very weak geomagnetic
field, less protected against high-energy particles, is a
concern to modern technology as the increased radiation
during geomagnetic storms can cause faults in spacecraft
electronics and can induce false instrument readings
(Schaefer et al., 2016). Therefore, a better understand-
ing of the evolution of the SAA in the region can be very
useful in space weather warnings. The continuous moni-
toring of the change of the Earth’s magnetic field in the
region is the key to track the evolution of the SAA, and
understand its rate of expansion in Southern Africa.

The data used in this study to build the regional model
are presented in “Data selection and processing” section,
and the harmonic spline method is described in “Meth-
ods” section. The SACFM-3 model then is compared to
the global models CHAOS-6- x9 (update from Finlay
et al,, 2016), IGRF-13 (Alken et al., 2021) and ground-
based data recorded at southern Africa INTERMAGNET
observatories (Hermanus (HER), Hartebeesthoek (HBK),
Tsumeb (TSU) and Keetmanshoop (KMH)) in “Results
and discussions” section, and it is used to study the evo-
lution of the SAA at the Earth’s surface in the region, and
investigate recent observed geomagnetic jerks and other
possible abrupt changes in the linear secular variation.
The final section presents the conclusion.
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Data selection and processing

The derivation of the SACFM-3 model is based on three
types of data: Swarm satellite data (Olsen et al., 2013),
observatory data and field survey data. The Swarm satel-
lite data were selected over the area of interest between
16°S and 38°S of latitude and 10°E and 38°E of longitude,
on a grid of 1°X1°, from data that were recorded by three
Swarm satellites (Alpha, Bravo and Charlie) between Jan-
uary 2014 and December 2019 (area shown in Fig. 1). The
data for the first 3 months from January to March 2014
were not very reliable as the Swarm satellites reached the
complete configuration in April 2014. However, there
was no noticeable negative influence on the model. Four
INTERMAGNET observatories, HER, HBK, TSU and
KMH provided data recorded between January 2014 and
December 2019. Field survey data recorded at geomag-
netic repeat stations between January 2014 and March
2019 were used (Fig. 1). Note that the geomagnetic repeat
stations outside the South African border were surveyed
only until 2015.

The data selection criteria for night and quiet data,
the method of removal of external and lithospheric field
contributions were the same for satellite and observatory
ground data. Hourly definitive data from observatories
were used during data selection and processing. The data
selection was conducted using geomagnetic quiet time
indices, the Disturbance storm time (Dst) (http://wdc.
kugi.kyoto-u.ac.jp/dstdir/) and the planetary K-index
(Kp) (https://www.gfz-potsdam.de/en/kp-index/). Data
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Fig. 1 Map showing the area of interest with four INTERMAGNET
observatories in the southern African region (HER, HBK, TSU and
KMH), represented by black triangles, and geomagnetic repeat
stations that are represented by black dots and empty circles. The
empty circles represent repeat stations with some outlier values; see
text for details
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fulfilling the criteria of being recorded during night time
between 22:00 and 6:00 LT, |Dst| <20 nT, and Kp <2 were
considered. The lithospheric field contributions were
removed using the Potsdam Magnetic Model of the Earth
POMME-9 (update from Maus et al., 2006), that resolves
the crustal magnetic field to spherical harmonic degree
133, reaching the small-scale length of 300 km. The field
contributions of spherical harmonic degrees above 15
were removed from data.

Modelling data by harmonic splines requires solving
a square system of equations with dimension equal to
the number of data points (Shure et al., 1982). Using a
reasonable number of evenly distributed data centres
supports a good data coverage and reduces the com-
plexity of the problem to solve. The satellite data pro-
cessing was conducted to generate the model input data
by creating data bins of 0.1° radius on the grid of 1°X1°.
Data in the same data bin recorded at the same epoch
(e.g. 2014.015, within the period of one day) were aver-
aged to obtain a single value at the centre of data bin.
The number of data points that are averaged is on the
order of 2 to 4, and the average total number of visits
to one centre by the three satellites, Alpha, Bravo and
Charlie, during the entire period 2014-2019, is 61. The
averaging of data recorded at the same epoch makes
the average total number of data points recorded at one
centre, at different epochs to be in order of 20 (61/3).
The absolute average scatter of values of X, Y, Z and
altitude of data points in the same bin and recorded
at the same epoch were 6.3 nT, 6.9 nT, 2.5 nT and 4 m,
respectively. In this process, data points with differ-
ent epochs and altitudes were produced at each data
bin centre. The observatory hourly data were averaged
to calculate monthly values for the model input data.
The collection of the field survey data was conducted
recording night field variations for one day repeat sta-
tion visits and taking absolute observations late in the
evening and early morning. The main field values for
a repeat station were calculated by averaging absolute
minute values for a 10-h night time interval, between
8:00 P.M. and 6:00 A.M. LT (Korte et al., 2007). Table 1

Table 1 The three types of model input data comprising
satellite, observatory, and field survey data

Satellite data  Observatory  Field
data survey
data
Number of data centres 667 4 37
Number of data points 13,343 312 129
Weight of data 40 100 60

Their respective numbers of data centres, and the chosen weight for each data
set are presented in the table


http://wdc.kugi.kyoto-u.ac.jp/dstdir/
http://wdc.kugi.kyoto-u.ac.jp/dstdir/
https://www.gfz-potsdam.de/en/kp-index/
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shows the three categories of model input data with
their respective numbers of data centres and points,
and chosen weights. The selection of data weights was
conducted assuming that during data averaging, the
external field noise was cancelled out better in obser-
vatory data and field survey data than in satellite data.
Besides, ground-based data were given higher weights
relative to satellite data to improve the model perfor-
mance at Earth’s surface. The data weight selection took
also into account the reliability of long-term observa-
tory data over field survey data and the large number of
satellite data points dominating the model input data.

Methods
The regional model was derived from Swarm satellite
and ground-based data using harmonic spline functions
(Shure et al., 1982; Lesur, 2006). The technique allows
the integration of data recorded at different altitudes and
epochs, thus making it possible to combine satellite and
ground-based data in the model derivation. A summary
of the spatial harmonic spline method is presented here,
and the time dependency for the model is introduced at
the end.

According to Lesur (2006) and Geese et al. (2009), for
each data location j defined by its geocentric coordinates
(19j, @j, 17), the Earth’s magnetic field can be written as:
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localised functions. In a compact form, the Earth’s mag-
netic field is given by the following equation:

B@,¢,r) =—>_ oVE-®,4,1), (5)

where q; are the coefficients of the model and VFjL(zS‘, o, 1)
are harmonic spline functions.

Equation (1) is time independent, it defines a linear sys-
tem of equations where o/, ” and o are unknowns. This
linear system is square and can be solved directly. For
time representation, we expand each of the coefficients
af, oz}? and o? on a basis of B-splines, i.e. piecewise poly-

j
nomials between spline knots:

Nkpots

of =Y BLbi), 6)
k

and a/,ﬂ and oz/(-zJ are expanded similarly.

The maximum degree of expansion of internal sources
was set to 13 for the core field. For the time representa-
tion, order six B-splines with spline knots spaced at
1-year intervals between 2014.0 and 2020.0 are used. A
linear system is built from Egs. (1) and (6) and solved for
the unknown model parameters ﬁ,ﬁj, ’BIZ and ,3,‘5 as defined

in Eq. (6).

BW,¢,r) ==V > & F (@60 + > o E7 0,41+ Y o F @, 5, (1)
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where the functions FjL’ (0, ¢, r),FjL” (%, ¢,r) and
F/L¢ (¢, ¢, r) are defined as follows:
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where Zle denotes the double sum %, S _ 9, ¢,
and r are the geocentric colatitude, longitude and radius,
respectively, a is the Earth’s reference radius (6371.2 km),
Y"(¥, $) are the usual Schmidt semi-normalised spheri-
cal harmonic functions of degree / and order m, L is the
maximum degree of expansion of internal sources and
The parameter f; defines the shape of the

f _ 2[+1
L= ang+nse

Results and discussion

The developed regional core field model, SACFM-3, is
based on harmonic spline fitting of vector Swarm satellite
data and ground-based data recorded between January
2014 and December 2019. The root mean square (rms)
values of the difference between observed and model
values were 10.3 nT, 6.7 nT and 6.6 nT for the X, Y and
Z components, respectively. The following comparison
to global models and data is based on the time interval
2014.5-2019.5 where the regional model is considered
to be reliable. The model evaluation was conducted by
comparison to the global models CHAOS-6- x 9 (update
from Finlay et al., 2016), IGRF-13 (Alken et al., 2021) and
to the data. CHAOS is a continuous model and IGRF,
the International Geomagnetic Reference Field, consists
of 5-year snapshots only. Table 2 shows the rms values
calculated at 667 data centres between two models at
445 km (average altitude of used satellite data recorded
within the range of 262 km) and 0 km altitudes. The dif-
ferences for each component do not vary much over the
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Table 2 The rms values of the differences between the SACFM-3 and CHAOS-6- x 9 models at 667 satellite data centres on 1°x 1°
grid, covering the whole modelled area, at 445 km and 0 km of altitude, and calculated at different epochs between 2014 and 2019.

Altitude Comp 2014.5 2015.5 2016.5 2017.5 2018.5 2019.5
445 km AX 89 96 95 95 89 92
AY 22 23 23 23 24 23
JAVA 71 76 73 74 72 71
AF 23 24 23 23 23 22
0 km AX 118 125 123 123 17 120
AY 43 48 45 47 46 47
JAVA 89 88 88 88 86 84
AF 53 49 49 50 49 48
The rms values in the table are in nT
Table 3 The rms values of the differences between 113 survey
o s Ao i °6 SRR data points and model predicted values over the period 2014~
1
xiF SRRl : = o 2019
%‘ o ‘:; 86, L :; % g ¢ s Component SACFM-3 CHAOS-6- x 9 IGRF-13
: ™14 §§ f ‘e% L T § S A AX (D) 251 785 789
x 20— e Em s $ AY (nT) 243 766 752
-170 =S== === i AZ (D) 290 839 836
_ ig n R : 2 : These differences (residuals) are presented in Fig. 2
E 80 & 3t ok S 2
“a 30 o
§ -20 g §§ g %% % % ;é 4 § § considered as outliers for a better data visualisation in
£ _;g G 22 H e 2 Fig. 2. A relatively higher constant crustal offset at some
g — = E== 3 : repeat stations is thought to be the source of these large
156 2 > 5 differences. Figure 1 shows 6 repeat stations as empty
E o104 4 = - o P circles that are the source for these 16 data points. It is
P RPN I § : g% § i é worth noting that these survey data were used as input
,§ 0] g3 § éo ¢ @ § 5 * 2 data for the regional model SACFM-3. Table 3 shows that
g g ===t="==r ; ¢ + f $ the difference between field survey data and the regional
-170 » 0 model SACFM-3 calculated values vyields relatively
2014 2015 2016 2017 2018 2019 small rms values for residuals, whereas the global mod-
Time [year] els CHAOS-6- x 9 and IGRF-13 have relatively high and

Fig. 2 Residuals of the differences between ground field survey data
and models SACFM-3, CHAOS-6- x 9 and IGRF-13

time interval (2014.5-2019.5). The Y component and the
total intensity F show small differences relative to the
other two components X and Z.

The comparative evaluation of the SACFM-3 model
and global models CHAOS-6- x 9 and IGRF-13, with the
help of field survey data collected at geomagnetic repeat
stations, is presented in Fig. 2. In this comparison, 113
out of 129 available data points of survey data between
2014 and 2019 were used. No crustal field or external
field contributions were removed from these field sur-
vey data that were used in the comparison. The remain-
ing 16 data points have absolute residual values with the
global models that are above 220 nT, hence they were

similar values.

For the overall performance over the modelled area,
Fig. 3 presents the maps of Z and F of the differences
between SACFM-3 and CHAOS-6- x 9 models for epoch
2019.0 at 0 km altitude. The relatively big differences are
found in the left and right top corners of the modelled
area, and these might be mostly due to lack of ground
data, otherwise there is a good agreement between these
two models.

Furthermore, the investigation of secular variation in
the region was conducted using monthly observatory and
model values, and secular variation values were calcu-
lated for each component as follows:

B — B(t) = W (B =X, YorZ),
unit of ¢ is month (e.g. Chulliat et al., 2010).

Besides the use of ground-based data recorded at four
INTERMAGNET observatories (HER, HBK, TSU and

where the
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Fig. 3 The Z (first row) and F (second row) maps showing SACFM-3 (first column) and CHAOS-6- x 9 (second column) and their differences (third
column) at 2019.0 epoch and 0 km altitude

KMH) to perform the comparative evaluation of the
regional model, recorded satellite data were used by cre-
ating virtual observatories (VObs) at satellite altitude
(467 km) over the positions of four INTERMAGNET
observatories. In the interest of minimising the data cor-
rection, the virtual observatory altitude is the average of
the altitudes of selected data within 0.2° of radius at the
positions of HER, HBK, TSU and KMH observatories
between 2014 and 2019. The selected data were recorded
at different positions (latitude, longitude, altitude) and
epochs. From data points with the same epochs only
those with geographic coordinates closest to the refer-
ence ground observatory position were kept. They were
corrected by first calculating the difference between mag-
netic values at two positions (virtual observatory and
actual selected data positions) at the same epoch using
the global model IGRF-13. The new satellite value at a
virtual observatory is the recorded satellite data value
plus the difference value between the above mentioned
positions. This process is presented in the following
equation:

Dyo = Ds+ (Iyo—Is),

where D, is data value at a virtual observatory and at a
particular epoch, D, a recorded satellite data value, I,
and I are IGRF-13 calculated values at the virtual obser-
vatory and the satellite data value positions, respectively.

The calculation of secular variation values was per-
formed applying a similar approach that was used for
ground-based and model data. But, the time interval
between the calculated consecutive virtual observatory

data is not constant. The time interval between a pair of
two data points used to calculate secular variation values
was not exactly 1 year, but these pairs were selected such
that the difference in their respective epochs is as close as
possible to 1 year. The following equation was used:

dB :B<t2+t1) _ B() = B(t1)

,(B=X,YorZ),
dt 2 th— 4 ( orZ)

where t; and £, are the respective epochs of the two con-
sidered data points.

The results in Figs. 4 and 5 demonstrate the high tem-
poral variation in the secular variation over Southern
Africa. There is a good agreement between secular varia-
tion values derived from SACFM-3 and observatory data
in all components, especially at HBK and TSU. Despite
the low variability in the CHAOS-6- x 9 secular varia-
tion prediction, both models and observatory data show
the same trend of the secular variation over the entire
period 2015.0-2019.0. The observed high variability in
the SACFM-3 secular variation values in some field com-
ponents indicates that external field contributions might
not have been fully removed from the model input data.
The positive rate of change in the Z component has been
increasing at all observatories, and its values are relatively
higher at HER, TSU and KMH in the western part of the
region. As Z is negative in this area, the magnitude value
of the Z component has been decreasing over the years in
the region with the western part of Southern Africa more
affected. At all four observatories (HER, HBK, KMH and
TSU), the rate of change in the X component has been
or is about to change from negative to positive values. In



Nahayo and Korte Earth, Planets and Space (2022) 74:8

Page 7 of 11

HER: SACFM-3 —— CHAOQOS-6-x9 * Ground data
— 23 e
s 11 P A v o~
£ | o e
P -1 'k"f""—'— .=
X —131—=*
- e
_25 ...................
1
5 {
=-111_
(S =S
- TP T PR 1 1 —
o =23 e -‘ﬂ‘rr"im =]
'>6 : e,
_73;
E, |
Se61/
E' {
g |
s | -
;(ZIS.O 2016.0 2017.0 2018.0 2019.0
epoch
HBK: SACFM-3  —— CHAO0S-6-x9 ¢ Ground data
_ 43
0 o | 2%
=8 e N <
£ 19 02 st bl -
= ”7/-:—;0 e ®
B 7 - .
x .
el —54°*
'_‘—10
=
5—22 =TT
oy e
2 =34 T "_‘_'T'm\cb‘
> e -
© . )
—46 ———————— 7,7~7.7.7W7.7.7.,<7«7.‘J.
_53
> . ".‘. c"_i“\c
541 T;::‘:._Ag - _:».*.;’:—-'-“—'T"
8 29—
N =
© .‘
3315.0 2016.0 2017.0 2018.0 2019.0

epoch

abrupt changes of trend
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HER and HBK negative secular variation in Y has been
intensifying, whereas at TSU the positive secular varia-
tion has been decreasing and at KMH the secular vari-
ation in Y has changed from positive to negative values.
The positive rate of change in the Y component at TSU
throughout the entire period shows how the magnitude
of Y has been decreasing in the north-western part of the
region. On the other hand, the negative rate of change in
the Y component at HER and HBK explains the increas-
ing of the Y in magnitude in the southern and eastern
regions.

Some abrupt changes in the linear secular variation,
known as geomagnetic jerks or geomagnetic impulses
(Mandea et al., 2010), are observed in the ground data
in Fig. 4. A linear fitting of data segments was used to
identify the sudden change events in secular variation. In
Fig. 4, TSU ground data show clearly V-shaped changes
in secular variation indicating the occurrence of the 2016
geomagnetic jerk in the X and Z component that has
recently been reported by Kotzé (2020) and Finlay et al
(2020). Similar changes are equally identified in the same
components at HER, HBK and KMH, though with lower
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amplitude of change. The earlier reported 2017 geomag-
netic jerk by Duan and Huang (2020) is also identified at
TSU in the X and Z components, and it is observed only
in the X component at HER, HBK and KMH. Another
secular variation change event in 2018 is observed in
the X component clearly at HER, TSU and KMH, and to
some extent at HBK. The SACFM-3 model can pick up
the 2016, 2017 and 2018 abrupt changes in the X and Z
components at HER and HBK with a slight mismatch in
the order of less than 0.5 year from the epoch of the event
in the ground data. Figure 5 presents the secular varia-
tion values at virtual observatories at 467 km altitude

where the regional model SACFM-3 (built mostly from
swarm satellite data) is considered to perform better. The
SACFMS-3 fits well the virtual observatory data especially
in the Z component. But, the high scatter and limited
number of virtual data points make impossible to iden-
tify the abrupt changes, except the observed 2016, 2017
and 2018 abrupt changes in the Z component at HER.
The regional model features at satellite altitude are more
or less similar to the ones observed at the ground level.
The least contaminated component Z indicates the three
abrupt change events (2016, 2017 and 2018) in secular
variation at all virtual observatories.
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Southern Africa, especially its western part, is found in
the South Atlantic Anomaly region where the field inten-
sity has been very weak compared to other places of the
same latitude. Thus, it is very important to evaluate how
the field intensity has been changing in the region. Fig-
ure 6 presents the maps of field components X, Y and Z,
the total field intensity F and the angle of declination at
2014.5 and 2019.5 epochs and the maps of differences
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between the values at these two epochs. The 5-year
change values in the third column of Fig. 6 show that
the magnitude values of the X and Y components have
decreased in a small western part of the region between
2014.5 and 2019.5, and the magnitude value of the Z
component has decreased almost in the entire region
except the small western edge of the Indian ocean. The
rate of decrease in the Z component is between 45 and
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60 nT/year on average in the most western part of the
region. As described above, the Z component is a big
contributor to the decrease of the field intensity F for
which the average rate of decrease over 5 years can reach
60 nT/year in some parts of the south-western region. In
this SAA region, there is a noticeable growth of low field
intensity strength area from the south-western corner of
the modelled area expanding towards the north and east-
ern regions (Fig. 6). This confirms the findings of Finlay
et al (2020) that, in the region of SAA, the weakest field
region has over the past 6 years slowly extended east-
wards from South America towards South Africa, at lati-
tudes between 30 and 45° south.

The magnetic declination (D) has been decreasing in
the north-western part of the region, and increasing in
the south eastern part. The change in 5 years is more
than 0.5° in the north-western corner region and most of
the south eastern region.

Conclusion
A regional field model SACEM-3 over Southern Africa
was derived from Swarm satellite and ground-based
data using harmonic splines. A comparative evaluation
was conducted using global models CHAOS-6- x 9 and
IGRF-13, which yielded a good agreement between these
models. A detailed investigation of spatial and tempo-
ral magnetic field variations between 2014.5 and 2019.5
reveals that the Z component strength has decreased in
the whole region (reaching more than 70 nT/year in 2019
at TSU and KMH), and becoming the main contributor
of the decrease of the total intensity F in the central and
western regions (0—300 nT over 5 years). Other compo-
nents X and Y have experienced a decrease in one part
of the region and an increase in another. It is worth men-
tioning the decrease (reaching 4%) and increase (reaching
6%) in magnitude of the Y component over 5 years in the
north western and south eastern regions, respectively.
In addition, the secular variation patterns at four mag-
netic observatories (HER, HBK, TSU and KMH) between
2015.0 and 2019.0 epochs show the high spatial and tem-
poral magnetic field variations in Southern Africa. There-
fore, it is advisable to keep on monitoring the changes
of magnetic field in the region to avoid errors that may
result in relying on linear secular variation predictions.
The previously reported abrupt changes in the secular
variation in 2016 (Kotzé, 2020; Finlay et al, 2020) and in
2017 (Duan and Huang, 2020) are clearly observed in the
ground data at TSU observatory in the X and Z compo-
nents (Fig. 4). Similar abrupt changes are identified in
the same components at HER, HBK and KMH without
an evident sharp V-shape. The observed abrupt change in
the secular variation in 2018 in the X component at all
observatories needs further investigation to ascertain if it
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is related to the change in the core field. In contrast to
the global CHAOS model, the SACFM-3 model shows
some indication of these abrupt secular variation change
events, especially in the Z component for the locations
of HER, HBK and KMH. An improved regional main
field model over southern Africa might contribute to a
good understanding of the evolution of the reversed flux
patches in the CMB below the eastern part of the SAA.
This information might help in predicting future changes
to the SAA, thus playing an important role to mitigate
the increasing radiation effects in spacecraft flying over
the region. The investigation of the fast core field varia-
tions in southern Africa requires a good performance in
removing external field contributions from satellite and
ground-based data. It is sometimes very difficult to know
the origin of the observed fast field variations in the secu-
lar variation, whether they are fast core field variations or
they are just related to external field noise. The use of the
time derivative of Dst index (Kauristie et al., 2017) in data
selection and the removal of the external field contribu-
tions from data using RC index (Onovughe, 2018) can
improve the quality of data for internal field modelling.
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