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ABSTRACT

Global geomagnetic models are a compilation of existing magnetic data which were repro-
cessed and freely made available as 2 or 3 arc minute resolution grids at 0-km or 4-5-km
altitude relative to the geoid. Thus, many researchers rely on those data due to their open
access. This study aims at evaluating freely released global geomagnetic models with respect
to aeromagnetic data which are the original data, usually subjected to third party or commer-
cial restrictions in Cameroon. Hence, both global geomagnetic models and aeromagnetic data
were sampled along 4 profiles for assessment. The extracted data were analysed using
Pearson’s correlation coefficient depicted in tables. The Power Spectrum Density curves of
both aeromagnetic and their respective global geomagnetic grids were computed and dis-
played as graphs. The results show that the so-claimed 4-5-km altitude relative to the geoid of
global geomagnetic models is heterogeneous in Cameroon since the spectral content of those
models vary from 5-20 km. Besides, considerable discrepancies were observed with Earth
Magnetic Anomaly Grid version 3 (EMAG2v3) data, indicating that they are not reliable for
scientific studies based in Cameroon. This study provides insights on global geomagnetic

ARTICLE HISTORY
Received 13 December 2023
Revised 11 April 2024
Accepted 12 May 2024

KEYWORDS

Global geomagnetic models;
aeromagnetic data; power
spectrum density; Pearson’s
correlation coefficient;
Cameroon

models and could aid in optimizing the use of those models in Cameroon.

1. Introduction

The Earth magnetic field derives from three principal
components: (1) the external field originating from the
magnetosphere, mainly influenced by solar activity; (2)
the field generated from the mantle, crust and anthropic
activities; and (3) the internal field from the Earth core
(Meyer et al. 1985), representing 95% of the total field.
Besides, the Earth magnetic field is mathematically
described from a compilation of existing marine, air-
borne, satellite measurements, freely made available as
global geomagnetic models (Backus et al. 1996). The
advent of those models was associated with the availabil-
ity of the CHAMP satellite (Reigber et al. 2002) which
allows the computation of global spherical harmonic
models of the lithospheric field (Maus et al. 2008) and
the substitution of longest wavelengths of more than 330
km in original magnetic data.

Global magnetic models are commonly used for
resources (mineral, geothermal, etc.), geological, and tec-
tonic investigations, and also for the study of the litho-
spheric evolution such as crustal-deep mantle interaction
and plate tectonics (Idarraga-Garcia and Vargas 2018;
Oehler et al. 2018; Njeudjang et al. 2020, 2023; Njiteu
Tchoukeu et al. 2021; Mohamed and Al Deep 2021;
Pamuk and Ozsdz 2022; Cheunteu Fantah et al. 2022;
Lei et al. 2022). In addition, the consistency and higher
resolution of those geomagnetic models are usually
required for the regional-scale mapping of depth to the

bottom of magnetic layer (DBML) also called the Curie
point depth (Xu et al. 2017; Li et al. 2017; Njeudjang et al.
2020; Ozsoz 2021; Prasad and Dubey 2023). Hence, due
to their open access and broad applications, global geo-
magnetic models have been extensively used worldwide.
Among those models, Earth Magnetic Anomaly Grid
version 2 (EMAG2v2) data have mostly been utilised
for DBML estimations in several areas such as: in the
north China (Xu et al. 2017), in Turkey (Pamuk 2019;
Pamuk and Ozséz 2022), in the Adamawa region,
Cameroon (Njeudjang et al. 2020, 2022), and in the
whole African continent (Mohamed and Al Deep
2021). Other studies were based on the extraction of
tectonic structures from the interpretation of
EMAG2v2 data (Basseka et al. 2016; Anaba Fotze et al.
2019; Cheunteu Fantah et al. 2022; Njeudjang et al.
2022). On the other hand, Earth Magnetic Anomaly
Grid version 3 (EMAG2v3) data have been utilised for
DBML and/or thermal structure investigations (Njiteu
Tchoukeu et al. 2021; Lei et al. 2022; Solano-Acosta et al.
2022) and for tectonic structures enhancement as well
(Lei et al. 2022; Solano-Acosta et al. 2022; Som Mbang
et al. 2023). Likewise, WDMAM (World Digital
Magnetic Anomaly Map) data were used by Vargas
et al. (2015), Salazar et al. (2016), and Ozs6z (2021) for
depth estimations of the Curie isotherm using spectral
analyses techniques in the Northwestern South America,
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Southwestern Caribbean Sea and Eastern Mediterranean
Region, comprehensively.

However, some studies discussed on the limitations
of global geomagnetic models (Eyike et al. 2010; Lesur
et al. 2016; Meyer et al. 2017; Oehler et al. 2018),
involving the unavailability of complete metadata of
the original datasets used, which shrinks the homo-
geneity of data and the assessment of their quality (e.g.
some compilations are made from smaller surveys that
were undertaken at different heights and epoch which
are not known) (Lesur et al. 2016). Besides, data points
are not uniform over some of the surveyed areas while
other areas are illustrated by the sparseness of data
(Lesur et al. 2016; Meyer et al. 2017; Ozs6z 2021).
Thus, to overcome those limitations, most global mag-
netic models rely on interpolation methods and/or
synthetic magnetic anomalies to fill gaps (Meyer
et al. 2017); this process of filling-gaps may not be
accurate since it is more hypothetical and involves
a lot of assumptions. Consequently, studies based on
the use of those global geomagnetic models in un-
surveyed or partially surveyed areas are likely to lead
to wrong results.

Despite those uncertainties associated with global
geomagnetic models in some areas, there is a paucity
of studies on the accuracy assessment of those models
from the original magnetic data from which they were
compiled in Cameroon; the only study that exists
involves Eyike et al. (2010) who compared
EMAG2v2 model with aeromagnetic data in
Cameroon based on a single NE-SW profile located
in the northern part of the country. They concluded
that EMAG2v2 data were similar to 25-km resolution
aeromagnetic grid in Cameroon.

Hence, this paper focuses on the assessment of
three global geomagnetic models (EMAG2v2,
EMAG2v3, and WDMAM v2.0) from their original
aeromagnetic data in order to understand the spectral
content of such global geomagnetic models in
Cameroon. Hence, four sampling profiles values and
power spectrum density (PSD) curves were extracted
from both global geomagnetic models and aeromag-
netic models for comparison. Correlation coefficients
were computed between each profile data and the PSD
curves of entire data grids were plotted in order to find
the best matches.

2. Study area and tectonic setting

The Pan-African geological formations constitute
a megastructure (Figure 1), which includes the
Central African Orogenic Belt (CAOB), the Trans-
Saharian Fold Belt and the Brasiliano belts of NE
Brazil (Oliveira et al. 2006; Ngako et al. 2008). The
CAOB, also known as the Pan-African Fold Belt of
Africa, covers Central African countries (Cameroon,
Chad, Nigeria, Central African Republic), continues to

the East through Sudan, Uganda and Tanzania
(Theunissen et al. 1992); it is limited to the West by
the Pan-African Trans-Saharian Fold Belt and to the
south by the Congo Craton. This chain is oriented
E-W, over a length and a width of about 5000 km
and 300 km respectively. The Pan-African Fold Belt
of Africa extends to the NE of Brazil by the Sergipano
Belt with which it forms the Pan-African-Brazilian
Fold Belt (Castaing et al. 1993; de Neves Bd et al.
2002). The convergence between the West African,
Congo and Sao-Francisco cratons, and Saharan meta-
craton (Abdelsalam et al. 2002; Liégeois et al. 2003;
Ngako et al. 2008) explains the general evolution of the
Pan-African-Brazilian Fold Belt. The Trans-Saharian
Fold Belt (Figure 1) goes from the Congo Craton in
the West and extends to the East where it is bounded
by the CAOB, which is well represented in Cameroon.
Hence, Cameroon, which encompasses our study area,
is divided into two main geological entities: the Congo
Craton in the South and the CAOB in the North.

2.1. Congo Craton

The Congo Craton, is a huge geological mass com-
posed of Archean and Paleoproterozoic terranes
(Goodwin 1991), which extends southwards and is
bordered to the north by the CAOB.

The Ntem Complex represents the NW block of the
Congo Craton in Central Africa (Lasserre and Soba
1976; Feybesse et al. 1998). According to petro-
structural studies, this geological entity is affected by
two main deformation phases. The first deformational
event, linked to successive emplacements of the mid-
Archean granitoids (Shang et al. 2004), is illustrated by
vertical stretching lineations, vertical foliation and
isoclinal folds. The second deformation phase is char-
acterised by the generation of various granite from the
partial melting of tonalite-trondhjemite-granodiorite
and supracrustal country rocks, also associated with
the occurrence of sinistral shear planes of N0-N45;
this episode is believed to be late Archean (Tchameni
et al. 2000; Shang et al. 2007).

2.2. Central African Orogenic Belt (CAOB)

In Cameroon, the CAOB extends northwards the Congo
Craton and is divided into the Southern, the Central, and
the Northern domains (Nzenti et al. 1994).

The Southern domain of Cameroon is limited to
the North and South by the Central domain and
Congo Craton comprehensively. This domain
extends to the Central African Republic. It is con-
sidered as an allochthonous entity covering a part of
the Ntem complex (Toteu et al. 2004). Two defor-
mational events marked this domain (Mvondo et al.
2003, 2007). The first stage is illustrated by E-W to
NW-SE shortening by nappe stacking. The second
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Figure 1. Geological reconstruction map of West African and NE Brazil Pan-African domains (Castaing et al. 1993). Cameroon
borders are depicted as dashed lines and the aeromagnetic data used for comparison with the global geomagnetic models are
represented by the red polygon. CCSZ: Central Cameroon Shear Zone; SF: Sanaga Fault; TBSZ: Tchollire Banyo shear zone; Pa:

Patos shear zone; Pe: Pernambuco shear zone.

deformation phase overprints the first stage and is
characterised by N-S and E-W extension with oro-
genic collapse and exhumation of the Yaoundé
series.

The Central domain of Cameroon stretches
from Bafia locality to the southern part of Poli
(Nzenti et al. 1992). It is comprised of the Lom
and Bafia series (Tchakounte et al. 2007).
According to Ngako et al. (1992), the petro-
structural evolution of this domain is marked by
shallow-dipping Sy,; foliation associated with the
early Pan-African nappe emplacement verging east-
wards: this phase illustrates the deformation Dj.
The second deformational stage is dominated by
tight and upright folds with vertical axial S, planes
(Ngako et al. 1992).

The Northern domain occurs along the western
border of Cameroon, extending up to Poli (Poli
series) (Toteu et al. 2006) and in SW Chad at

Mayo Kebbi locality (Penaye et al. 2006). This
domain is characterised by deformations D; and
D, whose characteristics are similar to the ones
found in the Central domain (Ngako et al. 1992;
Nzenti et al. 1992). These two tectonic stages are
overprinted by the occurrence of sinistral shear
zone trending in the NE-SW to N-S directions,
locally combined with south-vergent thrusts during
deformation Dj;. Deformation D, is illustrated by
dextral shear zones trending WNW-ESE to
NE-SW.

3. Data and methodology
3.1. Data

In this study, three global geomagnetic models were
used for comparison (EMAG2v2, EMAG2v3, and
WDMAM v2.0) with aeromagnetic data obtained
from two different data surveys and providers.
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3.1.1. Global geomagnetic models

The World Digital Magnetic Anomaly Map version 2
(WDMAM v2.0) (Lesur et al. 2016) data used in this
work is the second version of the previous one which
was launched in 2007 (Korhonen et al. 2007). This
geomagnetic model was built by two groups belonging
to “GeoForschungsZentrum” in Postdam and “Institut
de Physique du Globe” in Paris. These data represent
a collection of continental and marine magnetic data
provided from respective owners worldwide. The
available data were interpolated from the GMT func-
tion nearneighbor with various search radiuses (5, 7,
10 and 40 km) depending on data spacing. The long
wavelengths of the merged grids were substituted by
corresponding long wavelengths derived from satellite
data using the comprehensive model CM4 (Sabaka
et al. 2004; Quesnel et al. 2009). All those preproces-
sing and processing steps lead to the production of
a homogenous grid set on a global 3 arc minute reso-
lution (about 5.5-km cell sized grid). The data over
marine and continental areas are displayed on the final
grid at 0-km and 5-km altitude relative to the WGS84
datum respectively (Lesur et al. 2016). The WDMAM
v2.0 data and associated metadata are available at
http://www.wdmam.org/.

EMAG2v2 (Earth Magnetic Anomaly Grid ver-
sion 2) (Maus et al. 2009) model, was realised from
the compilation of pre-existing national scale grids
recorded during airborne surveys, marine and satellite
data. A directional gridding algorithm by Least
Squares Collocation (LSC) was applied based on an
anisotropic correlation function which allowed pro-
viding a realistic representation in sparsely surveyed
areas. Besides, the long-wavelength field in merged
data was substituted by magnetic field model MF6
(Maus et al. 2008). EMAG2v2 model is displayed as
a 2 arc minute resolution (approximately 3.7-km grid
cell size) grid recorded at an altitude of 4 km above the
geoid. EMAG2v2 grid is freely downloadable from
http://geomag.org/models/EMAG2.

Besides, the Earth Magnetic Anomaly Grid
(EMAG2v3) (Meyer et al. 2017), which is the following
version of EMAG2v2, was also used in this work. This
geomagnetic model was realised from a collection of
satellite, shipboard and airborne magnetic surveys.
Those data were gridded using the Kriging interpola-
tion process which was chosen due to the high varia-
bility in line azimuth and data density. Oceanic grids
were obtained from the merging of original sea level
data with 4-km downward-continued versions of the
continental grids. Likewise, global continental grids

were obtained from the compilation of original con-
tinental data with 4-km upward-continued versions of
oceanic grids. Then, the MF?7 field model (available at
https://geomag.colorado.edu/magnetic-field-model-
mf7.html) was used to replace long-wavelength
anomalies found in the global grid with large-scale
magnetic signals predicted by the satellite-based
model. EMAG2v3 data are freely released at www.
ngdc.noaa.gov/geomag/emag2.html, available at 0
and 4 km altitude with 2 arc-minute resolution.

A summary of the main characteristics of the
assessed global geomagnetic models used in this
study is displayed in Table 1.

3.1.2. Aeromagnetic data

The first aeromagnetic database used in this work was
provided by GETECH (Green et al. 1992). Those data
were compiled in 1992, on behalf of the African
Magnetic Mapping Project (AMMP) which is
a collaborative project between Paterson, Grand and
Watson Ltd. (Canada), the Department of Earth
Sciences (United Kingdom), and the International
Institute for Aerospace Survey and Earth Sciences
(Netherlands) (Green et al. 1992). The AMMP com-
piles a magnetic database for Africa from new and
existing digital datasets. International Geomagnetic
Reference Field (IGRF) correction and upward con-
tinuation were applied to the data to produce a 0.01 x
0.01 degree resolution Total Magnetic Intensity (TMI)
grid at 1 km above the geoid. For the purpose of this
study, the aeromagnetic data were collected over the
Far North region of Cameroon; these data are com-
prised between latitudes 9-13° N and longitudes 13-
16° E.

The second aeromagnetic dataset used in this work
were obtained from Paterson and Ltd (1976). The
magnetic survey was achieved by SURVAIR in 1970
during the collaboration between the Federal Republic
of Cameroon and the Canadian government. The
magnetic data were taken at a nominal terrain clear-
ance of 235+ 20 m, with 750-m line spacing and an
NW-SE flight lines direction. After diurnal corrections
and high-frequency signals attenuation, Paterson and
Ltd (1976) compiled the aeromagnetic data as contour
maps of magnetic field isovalues. For this study, we
extracted and digitised aeromagnetic data over
a portion of the South region of Cameroon, precisely
between latitudes 2.5-4.5° N and longitudes 11-13°
E. Later on, we applied the IRGF correction (year
1970) to obtain the Total Magnetic Intensity map of
the study area.

Table 1. Summary of the characteristics and performance metrics of the global geomagnetic models used in the study.

Data Source provider  Altitude above geoid (km) Resolution (arcmin) Interpolation Satellite base model References

Emag2v2 GETECH 0and 4 Directional gridding MF6 Maus et al. (2009)
Emag2v3 GETECH 0and 4 Kriging MF7 Meyer et al. (2017)
WDMAM v2.0 GETECH 0and 5 Near neighbor CM4 Lesur et al. (2016)
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3.2. Methodology

Prior to processing, the WGS84 system coordinates of
geomagnetic models and aeromagnetic data were
reprojected to World Mercator. Then, all those data
were interpolated using Minimum Curvature and
gridded to a 5km *5km grid cell size. The 5-km
gridded aeromagnetic data were upward continued
to 4, 5, 10, 15, 20, 25, and 30 km for comparison
with global geomagnetic models. Two line paths
were traced for each of the two aeromagnetic grids;
the global geomagnetic grids were sampled along
those profiles. This was done using Geosoft software
8.4. The best match between aeromagnetic and global
geomagnetic models was analysed from Pearson’s cor-
relation coefficient via OriginPro 2023.

3.2.1. Upward continuation

The Upward Continuation is an operator that
enhances the effect of long-wavelength signals and
reveals anomalies associated with deeper sources
with respect to the continuation height (the depth to
the top of the anomaly source increases with higher
continuation height #). The first upward continuation
expressions were given in the space domain operators
(Henderson 1960; Fuller 1967), which were replaced
by frequency-domain operators by recognising the
utility of Fourier transform techniques in analytic
continuations.

Based on Green’s third identity, Henderson (1970)
gave the classic derivation of the upward continuation
operator. He demonstrated that for a coordinate sys-
tem with z-axis oriented upward, the total field anom-
aly M (x, y, z) at an elevation z can be computed from
the anomaly on the surface of the Earth M (x,y,0) by
considering it over the z = 0 plane. The compact form
of the Fourier transform formula is expressed by:

M(x,y,z) = M(x,y,0)e %for z> 0 (1)

Letting p = v u? + v? be the radial wave number and
u and v are the wave numbers in the x- and y-direction.

3.2.2. Pearson’s correlation coefficient

In this study, we used Pearson’s correlation coefficient
(Bravais 1844; Chok 2010) in order to determine the
correlation between geomagnetic models and aero-
magnetic data. This process was achieved by tracing
profiles along upward-continued aeromagnetic grids
and sampling the geomagnetic grids along each pro-
file. The respective datasets were exported to
OriginPro 2023 for comparison via the Pearson’s cor-
relation coefficient algorithm which is defined as the
ratio of the covariance of two continuous variables to
the product of their respective standard deviations as
follows:
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The correlation coefficient, r, is computed by
inserting the sample standard deviations and the
sample covariance into equation (1). This coeffi-
cient ranges from -1 to+1 (Chok 2010). When
two variables X and Y tend to decrease or increase
simultaneously, we have a positive monotonic asso-
ciation (p>0). However, a negative monotonic
association is observed when one variable (X or
Y) decreases as the other increases (p <0). The
absence of any association (except for variables
with non-monotonic relationship) is illustrated
when p=0.

3.2.3. Power Spectrum Density (PSD)
The procedure to compute the depth to the top of
magnetic sources was introduced by Spector and
Grant (1970) using the radial mean of the energy
spectrum.

If we assume that:

(a) the magnetisation M (x, y) is a random function
of x and y, and does not depend on depth,

(b) the thickness of the magnetic source is small
compared to the horizontal scale,

(c) the magnetic source is a layer that extends
infinitely in all horizontal directions.

Blakely (1996) showed that the power spectral density
of the total magnetic field observed is expressed by:

P(nx7 ny) = (DM(nx, ny)x G(nx7 ny) (4)

Where n,, n, are the wavenumbers in the x and
y directions, so that n; = 2ﬂ/)\i’ where i is the wave-
length in the x or y directions (in real discrete conditions,
Ai = k.d;, with d; and k being the wavelength resolution
and an integer, respectively), @y, is the magnetisation
power spectrum.

®yy(nyny) is a constant if the magnetisation M(ny,n,) is
a completely uncorrelated function of x and y. G is the
Fourier transform of the total magnetic field given by:

G(ny,ny) = 42 C2 0|0 e 2% (1 — e*‘”l(zbfzt))2
(5)

Where C,, is a constant, 8 is factor the direction of
the geomagnetic field, 8, is a factor for the direction
of magnetisation, Z, and Z; are the depths to the
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bottom and to the top of the magnetic layer respec-
tively, and |n| is the module of (n,, ny).

In this study, we used the 2-D radially averaged power
spectrum analysis method (Tselentis et al. 1988) to realise
the PSD curves of both global geomagnetic models and
aeromagnetic data by plotting the log of the power spec-
trum against the wavenumber expressed in cycles/km.
The global geomagnetic models used in this study were
resized to the borders of aeromagnetic data (Figure 1)
before we realised the computations on entire data set of
the PSD in Geosoft software. The resulting PSD curves
were drawn from Excel.
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4, Results

Visual comparisons between EMAG2v2 and
WDMAM v2.0 show some similarities in the spatial
distribution of long-wavelength negative and positive
anomalies all over the country. However, the sparse-
ness of the data, illustrated in the West of EMAG2v2
(Figure 2a), is not depicted in WDMAM v2.0
(Figure 2c); indeed, the latter displays gaps filled
dominated by synthetic anomalies derived from the
lithospheric field model GRIMM_L120. Both global
geomagnetic models (Figure 2a, c) are consistent
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Figure 2. Total magnetic intensity maps of Cameroon extracted from geomagnetic models with the 4 profiles used for comparison
superimposed on each model: (a) EMAG2v2; (b) EMAG2V3; (c) WDMAM v2.0. We can observe similarities in the extension and
intensity of the magnetic signal between both EMAG2v2 and WDMAM v2.0 models.



with aeromagnetic data (Figure 3b) where regional
features such as the transition between the Congo
Craton and the CAOB (Figures 1, 2, 3b), are well
discriminated. In addition, a comparison of the
GETECH local aeromagnetic data (Figure 3a) and
both EMAG2v2 and WDMAM v2.0 data (Figure 2a,
¢) shows that the latter are smoother in appearance
and barely depict short-wavelength anomalies. On the
other hand, EMAG2v3 (Figure 2b) wavelength infor-
mation appear to be completely different from other
global geomagnetic models and aeromagnetic data,
except in the central part of the maps where positive
anomalies coincide. The inconsistency of these
EMAG2v3 anomalies with other ones may be due an
extensive and exclusive use of the Kriging interpola-
tion process (based on observed data) to compensate
data gaps, since EMAG2v3 does not integrate any
a priori ocean-age or geologic structure information.
Furthermore, the comparison between the global
geomagnetic models and aeromagnetic data was
achieved based on 4 line paths depicted in Figures 2
& 3. In the northern part of Cameroon, we have
studied two profiles: P; and P,. Orientated NE-SW,
P, is 365-km long while P, is trending N-S with
a length of 295 km. Likewise, in the southern side of
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the country (Figures 2 & 3), our work was focused on
both P5 (195 km) and P, (205 km) which are oriented
NE-SW and NW-SE comprehensively. The grid sam-
pling of all the studied magnetic data along selected
profiles allows the extraction of magnetic anomaly
values (134 and 82 sampling values in northern and
southern parts of the country, respectively) whose
correlations were analysed. Hence, Table 2 displays
the correlation coefficient variation between global
geomagnetic models (EMAG2v2, EMAG2v3, and
WDMAM v2.0) and airborne magnetic data upward
continued at 4, 5, 10, 15, 25, 30 km.

In northern Cameroon (Figures 2 & 3a), we can
notice that a close match (p=0.960) is observed
between EMAG2v2 and 20-km upward-continued
aeromagnetic data along P; (Table 2). WDMAM v2.0
better fits with 15-km upward-continued aeromag-
netic data (p = 0.946). Besides, it is worth noting that
at 15-km upward-continuation (Table 2), compari-
sons between both EMAG2v2 and WDMAM v2.0
indicate that EMAG2v2 (p = 0.958) is still more accu-
rate than WDMAM v2.0 (p = 0.946). However, no
positive correlation is found when comparing
EMAG2v3 data to EMAG2v2, WDMAM v2.0 and
upward-continued airborne magnetic data. When

11°45'
0 25000

(meters)
WGS 84/ World Mercator

Figure 3. Aeromagnetic anomaly maps of: (a) Far North Cameroon with the two selected profiles (P, and P,) superimposed on it;
(b) part of the South region of Cameroun with the two selected profiles (P3 and P,) superimposed on it.
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Table 2. Pearson'’s correlation coefficient variation between EMAG2v3, EMAG2v2, WDMAM v2.0, and aeromagnetic data upward-
continued at several heights for each profile.

EMAG2v3 EMAG2v2 WDMAM v2.0 Up4km Up5km Up10km Up15km Up20km Up25km Up30km
Profile 1
Emag2v3 1 —0.148 —0.278 -0.1192 —0.1244 —0.142 —-0.149 —0.148 -0.143 —-0.136
Emag2v2 —0.148 1 0.951 0.9237 0.9304 0.950 0.958 0.960 0.959 0.956
WDMAM —-0.278 0.951 1 0.9173 0.9242 0.942 0.946 0.943 0.937 0.930
Up4km —-0.119 0.924 0.917 1 0.9995 0.989 0.974 0.959 0.947 0.936
Up5km —-0.124 0.930 0.924 0.9995 1 0.993 0.980 0.967 0.956 0.945
Up10km —-0.142 0.950 0.942 0.9887 0.9929 1 0.997 0.990 0.983 0.975
Up15km —-0.149 0.958 0.946 0.9738 0.9802 0.997 1 0.998 0.994 0.989
Up20km —0.148 0.960 0.943 0.9595 0.9673 0.990 0.998 1 0.999 0.996
Up25km —-0.143 0.959 0.937 0.9469 0.9556 0.983 0.994 0.999 1 0.999
Up30km —-0.136 0.956 0.930 0.9360 0.9454 0.975 0.989 0.996 0.999 1
Profile 2
Emag2v3 1 —-0.521 —0.888 —0.686 —-0.703 —0.746 —0.740 —-0.716 —0.688 —0.664
Emag2v2 —0.521 1 0.795 0.779 0.798 0.851 0.856 0.843 0.827 0.813
WDMAM —0.888 0.795 1 0.823 0.843 0.891 0.884 0.858 0.829 0.804
Up4km —-0.686 0.779 0.823 1 0.998 0.954 0.885 0.824 0.776 0.741
Up5km —-0.703 0.798 0.843 0.998 1 0.969 0.910 0.854 0.809 0.776
Up10km —0.746 0.851 0.891 0.954 0.969 1 0.984 0.954 0.925 0.902
Up15km —0.740 0.856 0.884 0.885 0.910 0.984 1 0.992 0.978 0.964
Up20km -0.716 0.843 0.858 0.824 0.854 0.954 0.992 1 0.996 0.989
Up25km —0.688 0.827 0.829 0.776 0.809 0.925 0.978 0.996 1 0.998
Up30km —0.664 0.813 0.804 0.741 0.776 0.902 0.964 0.989 0.998 1
Profile 3
Emag2v3 1 -0.399 —-0.398 —-0.435 —0.433 —-0.421 —-0.409 -0.399 —-0.391 —-0.385
Emag2v2 —-0.399 1 0.989 0.993 0.996 0.991 0.974 0.956 0.939 0.924
WDMAM —0.398 0.989 1 0.974 0.981 0.995 0.991 0.982 0.972 0.963
Up4km —-0.435 0.993 0.974 1 0.999 0.983 0.961 0.939 0.921 0.905
Up5km —-0.433 0.996 0.981 0.999 1 0.990 0.971 0.951 0.934 0.920
Up10km —-0.421 0.991 0.995 0.983 0.990 1 0.995 0.985 0.975 0.966
Up15km —0.409 0.974 0.991 0.961 0.971 0.995 1 0.997 0.992 0.987
Up20km —-0.399 0.956 0.982 0.939 0.951 0.985 0.997 1 0.999 0.996
Up25km —-0.391 0.939 0.972 0.921 0.934 0.975 0.992 0.999 1 0.999
Up30km —0.385 0.924 0.963 0.905 0.920 0.966 0.987 0.996 0.999 1
Profile 4
Emag2v3 1 —-0.276 —-0.1124 —-0.234 —-0.237 —-0.236 —-0.220 —-0.207 —-0.204 —-0.220
Emag2v2 -0.276 1 0.9495 0.935 0.942 0.956 0.957 0.953 0.946 0.939
WDMAM -0.112 0.949 1 0.935 0.944 0.966 0.976 0.980 0.980 0.975
Up4km —-0.234 0.935 0.9355 1 0.999 0.984 0.968 0.955 0.945 0.936
Up5km —-0.237 0.942 0.9439 0.999 1 0.990 0.978 0.966 0.957 0.949
Up10km —-0.236 0.956 0.9662 0.984 0.990 1 0.997 0.992 0.987 0.982
Up15km —-0.220 0.957 0.9758 0.968 0.978 0.997 1 0.999 0.996 0.993
Up20km —-0.207 0.953 0.9797 0.955 0.966 0.992 0.999 1 0.999 0.997
Up25km —-0.204 0.946 0.9796 0.945 0.957 0.987 0.996 0.999 1 0.999
Up30km —-0.220 0.939 0.9752 0.936 0.949 0.982 0.993 0.997 0.999 1

compared to other global models, EMAG2v2 data dis-
play highest correlations with upward-continued data
along P;.

In addition, P, (Table 2) illustrates the strongest
correlation coefficient (p = 0.856) between EMAG2v2
and 15-km upward-continued airborne magnetic data.
WDMAM v2.0 shows a better correspondence with
10-km upward-continued aeromagnetic data (p =
0.891). Unlike P;, WDMAM v2.0 shows better results
than EMAG2v2 in P,. Indeed, at 15-km upward-
continued airborne magnetic data, WDMAM v2.0 dis-
plays a higher correlation coefficient p=0.884.
However, EMAG2v3 data exhibit high negative corre-
lation coefficients, reaching up to —0.888, when com-
pared to EMAG2v2, WDMAM v2.0 and upward-
continued airborne magnetic data. WDMAM v2.0
appears to be of highest correlations with upward-
continued aeromagnetic data when compared to
other global models.

In southern Cameroon (Figures 2 & 3b), P;
(Table 2) displays the highest correlation coefficient

(p=0.996) between EMAG2v2 and 5-km upward-
continued aeromagnetic data. Besides, WDMAM
v2.0 correlates well with 10-km upward-continued
aeromagnetic data (p =0.995). EMAG2v3 data still
depict a negative correlation with EMAG2v2,
WDMAM v2.0 and upward-continued airborne mag-
netic data. When compared to other global models,
EMAG2v2 data show highest correlation coefficients
with shorter wavelengths (4-5km upward-continued
aeromagnetic data), while WDMAM v2.0 data have
highest coefficients from 10-30 km upward-continued
airborne data; hence, the spectral content of both
global models seem to be complementary in Ps.

As depicted in P, (Table 2), the correlation coefti-
cient between EMAG2v2 and airborne magnetic data
reaches its peak at p=0.957, with 15-km upward-
continued aeromagnetic data. WDMAM v2.0 better
fits with 20-km upward-continued aeromagnetic data
(p=0.9797). In addition, WDMAM v2.0 shows better
results than EMAG2v2 in P,. Indeed, at 15-km
upward-continued  airborne  magnetic  data,



WDMAM v2.0 displays a higher correlation coeffi-
cient p=0.9758. EMAG2v3 data display negative
values when correlated with EMAG2v2, WDMAM
v2.0 and upward-continued airborne magnetic data
along P,. WDMAM v2.0 depicts highest correlations
with upward-continued aeromagnetic data when com-
pared to other global models.

Furthermore, statistics for the amplitude differ-
ence and standard deviation between global geomag-
netic models and aeromagnetic data for each profile
is displayed in Table 3. We can notice that higher
standard deviation values in all profiles are obtained
by the difference between TMI of aeromagnetic data
and global geomagnetic models; these standard
deviation values decrease with the difference
between global geomagnetic models and upward
continuation of aeromagnetic data. In profile 1, low-
est standard deviation values are depicted by the
difference between 20-km upward-continued aero-
magnetic data and EMAG2v2 (Up20-EMAG2v2)
(Std. Dev=8.70) and WDMAM v2.0 (Up20-
WDMAM v2.0) (Std. Dev =10.10). In profile 2, low-
est discrepancies are observed by difference between
15-km upward-continued aeromagnetic data and
EMAG2v2 (Upl5-EMAG2v2) (Std. Dev=19.01)
and WDMAM v2.0 (Upl5-WDMAM v2.0) (Std.
Dev=19.98). In profile 3, the difference between
5-km upward-continued aeromagnetic data and
EMAG2v2 (Up5-EMAG2v2) shows a Std. Dev=
12.63 while the difference between 10-km upward-
continued aeromagnetic data and WDMAM v2.0
(Upl0-WDMAM v2.0) gives a Std. Dev of 9.97.
Finally, in profile 4, lowest standard deviation values
of 13.88 and 13.83 are illustrated by Upl5-
EMAG2v2 and Up20-WDMAM v2.0 respectively. It
is worth noting that differences between upward-
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continued aeromagnetic data and EMAG2v3 display
the highest standard deviation values in all profiles,
reaching up to 109.64 in profile 3.

In order to provide a better comparison between
both global geomagnetic models and aeromagnetic
data, we did a qualitative interpretation from the spec-
tral analysis of the different data. Since magnetic
anomalies may be the effects of different sources at
variable depths, we plotted the radially averaged
power spectrum. Figure 4 displays the log of the
power spectrum against the wavenumber computed
for the whole gridded data with respects to assessment
borders depicted in Figure 1. PSD curves of upward-
continued aeromagnetic data and global geomagnetic
models are displayed in dashed and continuous lines
comprehensively. In Figure 4a, PSD curves of
EMAG2v2 and Up10km show similar trends. In addi-
tion, WDMAM v2.0 displays similar trend with
Up10 km and Up20km for shallow and deep sources
respectively. PSD curve of EMAG2v3 is distinctly dif-
ferent from other curves especially at the spectral peak.
Likewise, Figure 4b shows PSD curves of EMAG2v2
and Upl5km fitting each other in a similar trend.
WDMAM v2.0 PSD curve coincides with both
UplOkm and Upl5km for shallow and deep sources
comprehensively. EMAG2v3 and Up10km PSD curves
appear to be of the same trend.

5. Discussion

In this work, we focused on the accuracy assessment of
global geomagnetic models from their original aero-
magnetic in a view to provide a better comprehension
of the spectral content of those models.

Figure 5 illustrates the similarities and discrepan-
cies between different global geomagnetic models and

Table 3. Statistics for the amplitude difference and standard deviation between global geomagnetic models and aeromagnetic
data for each profile. Up=Upward-continuation; TMI=Total Magnetic Intensity; Std.Dev= Standard deviation.

T™MI- Up15- Up20- T™I- Up15- Up20- TMI-WDMAM  Up15-WDMAM  Up20-WDMAM v2.0
EMAG2v2  EMAG2v2 EMAG2v2 EMAG2v3 EMAG2v3 EMAG2v3 v2.0 v2.0

Profile 1

Min (nT) -114.20 —20.91 —-21.54 -160.20 —-71.90 —62.65 -95.60 —-3.62 —4.24
Max (nT) 67.40 22.51 15.30 176.20 162.30 160.50 82.00 43.14 36.21
Mean (nT) 3.1 137 0.10 13.16 11.41 10.15 17.59 15.84 14.58
Std. Dev (nT) 35.86 10.20 8.70 82.28 66.11 63.46 37.26 11.72 10.10
Profile 2

Min (nT) —128.40 -35.14 —25.52 -183.30 -91.74 —95.08 -106.30 —29.86 —18.98
Max (nT) 73.20 43.22 39.14 203.50 182.24 176.69 86.60 46.97 40.14
Mean (nT) 0.76 3.63 4.48 -12.13 -9.27 -8.41 10.99 13.85 14.71
Std. Dev (nT) 47.05 21.20 19.01 92.41 76.00 73.54 48.07 22.05 19.98
Profile 3

Min (nT) —62.40 38.03 27.12 —235.20 -134.77 —91.98 -115.70 -15.27 21.72
Max (nT) 134.10 86.79 86.69 176.70 160.44 158.10 121.40 76.29 71.78
Mean (nT) 63.67 68.87 73.60 -1.49 3.72 8.45 38.98 4418 4891
Std. Dev (nT) 38.82 12.63 14.26 118.83 109.64 106.24 48.47 20.10 9.97
Profile 4

Min (nT) -182.20 63.45 63.22 —323.40 —78.28 —60.79 —206.50 28.51 27.86
Max (nT) 166.50 111.16 130.44 159.50 80.62 70.06 149.90 73.27 78.17
Mean (nT) 37.03 83.96 88.70 —52.00 -5.07 -0.34 4.62 51.55 56.28
Std. Dev (nT) 77.43 13.88 18.52 119.86 53.89 4415 78.87 9.87 13.83
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Figure 4. Power density curves of both global geomagnetic models and aeromagnetic data of: (a) Far North Cameroon and (b)

South Cameroon as depicted in Figure 1.

the corresponding upward-continued airborne mag-
netic data for each profile. Hence, we can notice that
the spectral content of EMAG2v2 and WDMAM v2.0
data is similar to: (a) 20-km and 15-km upward-
continued aeromagnetic data respectively in P,
(Figure 5a), and (b) 15-km and 10-km upward-
continued aeromagnetic data comprehensively in P,
(Figure 5b); this indicates heterogeneities in the spec-
tral content of those models. Besides, the best standard
deviations values obtained for both EMAG2v2 and
WDMAM v2.0 models from profiles 1 and 2 display
high consistencies with Up20km and Upl5km
(Table 3) respectively for each profile. This is not
consistent with the so-claimed altitude above the
geoid of both EMAG2v2 and WDMAM v2.0 grids,
being 4 and 5 km comprehensively (Maus et al. 2009;
Lesur et al. 2016). Eyike et al. (2010) claimed that
EMAG2v2 spectra were equivalent to 25-km upward-
continued aeromagnetic data based on a single NE-
SW profile similar to P; whose EMAG2v2 data have
been shown to best match with 20-km airborne data in
this study. It is worth nothing that when analysing the

power spectrum of the whole data grids to which both
profiles P; and P, belong, EMAG2v2 shows common-
ality with Up10 km while WDMAM v2.0 displays
shared features with UplOkm and Up20km
(Figure 4a); indeed curves which are confused with
each other or display some parallelism are of the same
spectral content (Bhattacharyya and Leu 1977; Okubo
et al. 1985). However, there is a negative monotonic
association of EMAG2v3 data with EMAG2v2,
WDMAM v2.0 and upward-continued airborne mag-
netic data along both P; and P, (Figure 5a, b).
Likewise, EMAG2v2 and WDMAM v2.0 data show
correspondence with: (c) 5-km and 10-km upward-
continued aeromagnetic data comprehensively in P;
(Figure 5¢), and (d) 15km and 20-km upward-
continued aeromagnetic data respectively in Py
(Figure 5d). Unlike P,, a consistency (+1km) is
observed between the spectral content of both
EMAG2v2 (4 km height, Maus et al. 2009) and aero-
magnetic data along P; (5km). Besides, the spectral
content of WDMAM v2.0 whose altitude above the
geoid is supposed to be 5km (Lesur et al. 2016), is not
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Figure 5. Comparison of EMAG2v2, EMAG2v3, WDMAM v2.0, and aeromagnetic data (extracted in Figs. 2 and 3) for each profile: (a)
profile 1, a better match is observed between WDMAM v2.0, EMAG2v2 and 15-km, 20-km upward-continued airborne magnetic
data respectively; (b) profile 2, a good correlation is found between WDMAM v2.0, EMAG2v2 and 10-km, 15-km upward-continued
airborne magnetic data comprehensively; (c) profile 3, a strong correlation is noticeable between WDMAM v2.0, EMAG2v2 and
5-km, 10-km upward-continued airborne magnetic data respectively; (d) profile 4, a strong match is depicted between WDMAM
v2.0, EMAG2v2 and 15-km, 20-km upward-continued airborne magnetic data comprehensively.

in accordance with aeromagnetic data which display
best matches at 10km and 20 km along P; and P,
respectively. Furthermore, the PSD curves of entire
data grids associated with P; and P, (Figure 4b)
show a positive correlation between EMAG2v2 and
Up15km; likewise, WDMAM v2.0 PSD curve seems to
be consistent with Up10km and Up15km. Just like P,
and P,, we can notice a negative monotonic associa-
tion of EMAG2v3 data with EMAG2v2, WDMAM
v2.0 and upward-continued airborne magnetic data
along both P; and P, (Figure 5c, d).

Summarily, one of the possible reasons that could
explain the heterogeneity in the spectral contents of
global geomagnetic models is that these models are
mostly compiled from data of a nominal resolution of
about 25km (15min grid cell size) provided by
GETECH (Maus et al. 2009; Lesur et al. 2016; Meyer
et al. 2017); this may result into areas free of short-
wavelength magnetic anomalies. Other reasons
explaining those discrepancies could be associated
with: (1) the absence of complete metadata (epoch,
flight height, terrain clearance etc.) of each flown
survey used in data compilations; (2) the variability
of coordinate systems and projections of original data-
sets; (3) models (IGRF/DGRF, or local polynomials)
used to reduce the original data are not known and
difficult to find out; (4) the lack of absolute reference
which shrinks the restoration of long-wavelength
anomalies. In addition to the limitations mentioned

above, the complete inadequacy of EMAG2v3 with
respect to other global geomagnetic grids and aero-
magnetic data studied in Cameroon could be
explained by the non-integration of a realistic syn-
thetic magnetic model (no a priori information) in
areas of less or unavailable data. The a priori informa-
tion provides more reliable results which are in good
accordance with areas where data are available, and
stabilises the gridding process (Meyer et al. 2017).

6. Conclusion

The accuracy assessment of global geomagnetic
models is required before their application in
other fields in order to increase the reliability of
results. Hence, the aim of this study was to assess
freely released global geomagnetic models from
available aeromagnetic data in Cameroon. The
assessment of global geomagnetic models against
available aeromagnetic data shows that the accura-
cies of the global geomagnetic models EMAG2v2,
EMAG2v3, and WDMAM v2.0 over Cameroon are
questionable as follows:

e The data indicate that the so-claimed 4-5-km
altitude relative to the geoid of global geomag-
netic models is not homogeneous in Cameroon
since the spectral content may vary according to
the profile or the area under study.
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e The results obtained from correlation between
both global geomagnetic models and aeromag-
netic data along profiles appear to be slightly
different (~5-10km) from the correlation of
power spectrum of entire data grids.

e The data imply that the magnetic wavelengths of
EMAG2v2 and WDMAM v.2.0 data may be
linked to survey elevations varying from 5 and
20 km in Cameroon.

e The spectral content of EMAG2v2 model (4 km
above geoid) only appears to be consistent with
aeromagnetic data along profile P; (approxi-
mately 5km).

e Spectral analyses of entire data grids indicate
a consistency between EMAG2v2 and UplOkm
in the Far North Cameroon, and Up15km in the
South Cameroon.

e WDMAM v2.0 PSD curves of entire data grids
show a correspondence with Up10km and Up 20
km in the Far North Cameroon, and also with
Upl0km and Upl5km in the South Cameroon.

e Large inconsistencies are observed between the
aeromagnetic data and WDMAM v.2.0 model
which cannot retrieve the spectral contents with
wavelengths shorter than ~10 km.

e The data indicate that Earth Magnetic Anomaly
Grid version 3 (EMAG2v3) data are not reliable
for scientific studies based in Cameroon and are
susceptible to produce misleading results.

e The data imply that researchers should consider
the real wavelength content of global geomag-
netic models before applying depth sources com-
putations  algorithms such as  Euler
Deconvolution.

e The data would provide the opportunity to
increase the awareness of researchers on the use
of global geomagnetic models and to replicate
this study in their area of interest.
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