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Key Points:
e We updated the high-resolution lithospheric magnetic field model for China and surrounding regions as CUG_CLMFM3Dv2.
e The CUG_CLMFM3Dv2 model mitigates short-wavelength loss in Xinjiang and Tibet and improves high-altitude accuracy in
comparison with the first version.
e Comparisons show CUG_CLMFM3Dv2 achieves higher resolution and reliability than global spherical harmonic models.
e Multi-component grids that include the magnetic gradient tensor at multiple altitudes are forward calculated and provided.
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Abstract: The CUG_CLMFM3D series comprises high-resolution three-dimensional lithospheric magnetic field models for China and its
surroundings. The first version, CUG_CLMFM3Dv1, is a spherical cap harmonic model integrating the WDMAMv2 (World Digital Magnetic
Anomaly Map version 2) global magnetic anomaly grid and nearly a decade of CHAMP (Challenging Minisatellite Payload for Geophysical
Research and Application) satellite vector data. It achieves a ~5.7 km resolution but has limitations: the WDMAMv?2 grid lacks
high-resolution data in the southern Xinjiang and Tibet regions, which leads to missing small- to medium-scale anomalies, and unfiltered
CHAMP data introduce low-frequency conflicts with global spherical harmonic models. Above the altitude of 150 km, correlations with
global models drop below 0.9. The second version, CUG_CLMFM3Dv2, addresses these issues by incorporating 5-km-resolution
aeromagnetic data and rigorously processed satellite data from CHAMP, Swarm, CSES-1 (China Seismo-Electromagnetic Satellite 1), and
MSS-1 (Macau Science Satellite 1). The comparison analysis shows that the CUG_CLMFM3Dv2 captures finer high-frequency details and
more stable long-wavelength signals, offering improved magnetic anomaly maps for further geological and geophysical studies.
Keywords: Macau Science Satellite 1; China Seismo-Electromagnetic Satellite 1; revised spherical cap harmonic analysis; high resolution
lithospheric magnetic field; China and surroundings

1. Introduction time superposition of multiple sources (Finlay et al., 2020; Sabaka
et al,, 2020), including (1) the core field generated by electric
currents in the fluid outer core; (2) the induced field generated by
the conductive mantle, crust, and oceans; (3) the crustal magneti-
zation field; (4) electric current activity in the ionosphere and

magnetosphere; and (5) noise from measurement instrument
observations are widely understood to reflect a complex, real- imperfections.

Modeling and understanding the underlying mechanisms of the
Earth’s magnetic field and its spatiotemporal variations are not
only essential for scientific exploration but also vital for numerous
industrial and technological applications. Geomagnetic field

Among these magnetic field sources, the core field alone generates
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nanoteslas can be found, particularly in regions with strong
magnetization (e.g., Lesur et al., 2016; Xiong et al., 2016; Meyer et
al., 2017; Djomani et al., 2019). High-resolution and high-precision
lithospheric magnetic field models are thus crucial for describing
these high-amplitude, small-scale anomalies, as they provide valu-
able insights for resource and energy exploration, geological
interpretation, and magnetic-field-based navigation.

Modeling the magnetic field in China and its surrounding areas
has been a prominent research topic (An ZC, 1993, 2003; An ZC et
al., 1998; Gu ZW et al., 2006; Ou JM et al., 2013; Feng Y et al., 2016,
2017, 202343, b; Jiang Y et al., 2021; Wang J et al., 2021, 2023, 2025;
Zhang P et al, 2024). In particular, the launches of the China
Seismo-Electromagnetic Satellite 1 (CSES-1; Shen XH et al., 2018;
Yang YY et al, 2021) and the Macau Science Satellite 1 (MSS-1,
Zhang K, 2023), along with the public release of the airborne
magnetic anomaly map of continental China (Xiong SQ et al.,
2016; https://geocloud.cgs.gov.cn/), have further intensified inter-
estin this field.

Previous studies have shown that lithospheric magnetic field
models based solely on satellite data can achieve a resolution of
approximately 108 km (e.g., Lithospheric model derived from
CHAMP and Swarm satellite data, version 1 [LCS-1]; Olsen et al.,
2017). However, when near-surface data are incorporated, the
resolution can be improved to approximately 19-25 km (e.g.,
Enhanced Magnetic Model 2017 [EMM2017], www.ngdc.
noaa.gov/geomag/EMM/; World Digital Magnetic Anomaly Map
version 2 [WDMAMv2], Lesur et al., 2016; A Spherical Harmonic
Model of Earth's Lithospheric Magnetic Field up to Degree 1050,
[SH1050], Thébault et al., 2021). These global models, however,
rely on near-surface data from sources such as the Earth Magnetic
Anomaly Grid (2-arc-min resolution), version 3 (EMAG2v3; Meyer
et al, 2017) or WDMAMv?2 (Lesur et al,, 2016), which use datasets
with limitations in East Asia. Specifically, the lack of high-resolution
data in the southern regions of Xinjiang and Tibet leads to missing
small- to medium-scale details in these areas (e.g., Luo Y et al.,
2024).

A physically robust modeling method, based on well-processed
near-surface and satellite data, is essential for constructing a high-
resolution and high-precision magnetic field model. Feng Y et al.
(202343, b) adopted the airborne magnetic anomaly map of conti-
nental China and vector measurements from the CHAMP mission
to construct a high-resolution model for the Xinjiang and Tibet
areas by using the Three-Dimensional Surface Spline (3DSS)
method. Although the model achieved superior resolution and
reliability in representing the total magnetic intensity field, the
3DSS method is limited by its inability to convert the total
magnetic intensity field into a vector field. Jiang Y et al. (2021)
proposed the long-wavelength lithospheric magnetic field model
of China (CLAS), using the airborne magnetic anomaly map of
continental China and synthetic satellite data with a depleted
basis spherical harmonic analysis approach. Although CLAS
demonstrates strong physical properties and reliability, its resolu-
tion is limited to approximately 50 km. We previously developed
the CUG_CLMFM3Dv1 (Zhang P et al., 2024), a model based on
revised spherical cap harmonic analysis (R-SCHA; Thébault, 2003;
Thébault et al., 2004, 2006a), which combines near-surface data
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from WDMAMv2 and vector measurements from the CHAMP
mission. This model achieves a resolution of up to 5.7 km but, as
noted, lacks small- to medium-scale details in western China.
Additionally, insufficient along-track filtering and leveling of satel-
lite data resulted in reduced consistency with satellite data-based
spherical harmonic models at higher altitudes. Nonetheless, this
case study demonstrated that the CUG_CLMFM3D series is capable
of modeling the lithospheric magnetic field with high resolution
and precision by using multiple data sources.

Through extensive data collection and processing and careful
model construction, the limitations identified in the first version of
CUG_CLMFM3D have been successfully addressed. In the following
sections, we introduce our updated regional model of China and
surroundings. Section 2 provides the basic methodology of the
R-SCHA, Section 3 outlines the data processing, Sections 4 and 5
present the results and discussion, respectively, and Section 6
concludes the study.

2. Methodology

2.1 Model Parameterization

Revised spherical cap harmonic analysis (Thébault, 2003; Thébault
et al., 2004, 2006a) is a potential field modeling technique applied
at a regional scale. The modeling region is defined between two
spherical surfaces with radii r; and r,, and a cone with its vertex at
the Earth’s center. The aperture of the cone is denoted as 6 (e.g.,
Thébault et al., 2004, 2006a). For such a boundary value problem,
solving Laplace’s equation yields the series expansion expression
of the magnetic potential V:

Nmax _k . .
V(6N =a Z Z (;)nm (gi’,’k"cos mA + hy,'sin m)\)Pf,"k (cos 6)
k=0 m=0
N & r\" em em .
+a Z 2 (E) (gr"cos mA + h"'sinmA) P, (cos 6)
k=1 m=0
Q)]
Pmax P
+a Z 2 R, (r) (G, cos mA + Hy'sinmA) K (6)
p=1 m=0

Mmax
+a Z Ro (r) (Gg cos mA + Hg'sin mA) Py’ (cos 6),
mz0

where r, 6, and A represent the radius, colatitude, and longitude,
respectively. The constant a refers to the Earth’s reference radius,
whichis takenas 6371.2 kmin this study; P, denotes the associated
Legendre function of noninteger degree ni and integer order m,
taken in Schmidt seminormalized form; Kz’ represents the Mehler
function; Py denotes the constant function; R, and Ry are the
radius functions corresponding to the Mehler and constant series;
and Noaer Noras Praxs @nd My indicate the maximum truncation
indices of each series of special functions. Finally, gf,’k”, hf’,’k”, an
hy's Gpy Hyy Gg, and Hy' represent the R-SCHA harmonic coeffi-
cients (Thébault, 2003). The R-SCHA expressions of higher rank
tensor components of the potential can be derived by applying
the gradient operator to the potential expression (e.g., Thébault et
al., 2006b; Casotto and Fantino, 2009).

The completeness, orthogonality, and convergence of the basis
functions, along with the null flux condition of the method, make
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R-SCHA effective for potential field modeling and forward predic-
tion. As a result, this analysis has been widely used in lithospheric
magnetic field modeling (e.g., Vervelidou et al., 2018; Thébault et
al.,, 2021; Zhang P et al., 2024), core field modeling (e.g., Talarn et
al., 2017), and paleomagnetic field modeling (e.g., Pavén-Carrasco
etal., 2021; Fan YC et al., 2024), among others.

Scalar data are treated as a projection of the vector in the direction
of the core field (Blakely, 1995) and are referred to as the total
magnetic intensity (TMI). The core field model used in this study
comprises the spherical harmonic coefficients with degrees/
orders 1-15 from the newly released CHAQOS 8.2 model (http://
www.spacecenter.dk/files/magnetic-models/CHAOS-8/index.
html; Finlay et al., 2020).

2.2 Estimation of R-SCH Coefficients

In practical situations, magnetic data are discretized and contami-
nated by noise. Modeling such data involves an inverse process of
the previously described physical system (i.e., estimating the R-
SCHA harmonic coefficients). By separating the R-SCHA coefficients
from the series expression, the forward process can be described
as a linear equation:

Gm=d, (2)

where G is the kernel matrix containing the observation system
information and special functions, d is the vector of the observed
data, and m is the vector of the R-SCHA harmonic coefficients. We
estimate the weighted least squares solution as follows:

m*™ = (G'W,G + M) 'G'W,d, @3)

where Wy represents the data weighting vector, A represents the
damping parameter, and I represents an identity matrix.

The kernel matrix of R-SCHA is ill-conditioned; therefore, a precon-
ditioned matrix S is introduced to address the nonconvergence
issue in the optimization process (Pilkington, 1997). Thus, Equation
(3) can be rewritten as

m™ = (SG'W,G + M) SSG"W,d. @

The Bi-Conjugate Gradient Stabilized method is used as the opti-
mization algorithm to solve the linear equation (van der Vorst,
1992).

2.3 R-SCH Spectrum
The formula for the power spectrum of the R-SCHA model is
provided by Vervelidou and Thébault (2015):

E= 2 % kgo{(nk +1)(2n, + 1)((_:)2nk+4 |:(g,n,kn)2 . (h;’:)z]
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where E denotes the energy in the modeling region and &
denotes the Dirac delta function.

3. Data
The central point of the modeling area for CUG_CLMFM3Dv2 is

located at 114°E and 39°N. Near-surface and satellite magnetic
data are selected within a spherical cap with a 26° aperture.

3.1 Near-Surface Data

The compiled airborne magnetic anomaly map of continental
China is used as the near-surface data for the modeling. According
to Xiong SQ et al. (2016), 143 high-precision and 266 medium-
precision measurements from a total of 409 survey areas were
compiled into a 5-km-resolution magnetic anomaly map, covering
a land area of more than 9 million square kilometers, excluding
Taiwan Province. The corresponding data are presented in
Figure 1.

To maintain the integrity of the near-surface data, we embedded
the continental China magnetic data into the EMAG2v3 compiled
global magnetic anomaly grid (Meyer et al., 2017), as shown in
Figure 2a. Unlike satellite-surveyed data, long-wavelength
components in compiled magnetic anomaly grids are often unre-
liable (Ravat et al., 2003). To prevent computational instability due
to low-frequency conflicts between near-surface and satellite-
surveyed data, we utilized an extraction and replacement scheme
(Zhang P et al,, 2022). The low-frequency replaced near-surface
data are shown in Figure 2b. This scheme extracts long-wavelength
components of spherical harmonic degrees/orders 16-90, shown
in Figure 2c, from the regional magnetic data and replaces the
extracted long-wavelength components with the corresponding
components from the LCS-1 model (Olsen et al., 2017), shown in
Figure 2d. When comparing Figure 2c with Figure 2d, we found
relatively strong inconsistencies between the long-wavelength
components of the lithospheric magnetic field from the near-
surface data and the satellite data-derived model. Thus, it is neces-
sary to replace the long-wavelength components of the near-
surface data with those of the satellite data-derived model. Other-
wise, the fusion of the near-surface and satellite data sets will fail.

3.2 Satellite Data

The L1B products from the CHAMP (Maus, 2007; time period:
07/19/2000 to 09/17/2010), Swarm Alpha and Bravo (Friis-Chris-
tensen et al., 2006; Olsen et al., 2016; time period: 01/01/2014 to
12/31/2024), CSES-1 (Shen XH et al, 2018; Yang YY et al., 2021;
time period: 01/01/2024 to 07/31/2024), and MSS-1 (Zhang K,
2023; time period: 11/02/2023 to 12/31/2024) satellite missions

| —100
-150
-200

Figure 1. Compiled aeromagnetic anomaly map of continental
China.
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Figure 2. Processing of near-surface data. (a) Near-surface data spliced using the continental China and EMAG2v3 magnetic grids.
(b) Near-surface data with low-frequency components replaced. (c) Low-frequency components of spherical harmonic degrees/orders 16-90
extracted from the raw near-surface data. (d) Spherical harmonic degrees/orders 16-90 from the LCS-1 model.

were collected.

Satellite measurements are generally considered as a superposition
of various magnetic fields, including the core field, mantle induc-
tion field, lithospheric magnetic field, tidally generated magnetic
field, and magnetic fields produced by complex current motions
in the ionosphere and magnetosphere, among others. Within this
real-time dynamic physical system, the signals from the litho-
spheric magnetic field are quasistatic and contain a substantial
proportion of high-frequency components at satellite altitudes.
Consequently, data selection, correction for contributions from
other field sources, and high-pass filtering along the satellite orbit
are key processes in lithospheric magnetic field modeling.

Only data from periods of the Earth’s relatively low magnetic
activity were retained. We selected data from periods when the Kp
index (which describes irregular perturbations caused by solar
particle radiation; Dieminger et al., 1996; Kauristie et al., 2017) was
below 2°, the time gradient of the RC index (which describes varia-
tions of the equatorial magnetospheric ring current; Olsen et al.,
2014) changed by less than 2 nT/hour, and the Sun was at least
10° below the geographic horizon. The sampling rate of the data
was reduced to 30 seconds. Additionally, the “F_error” and

“Att_error” values in the Swarm product were restricted to 0-0.2,
and 0-1.8, respectively, to exclude data affected by instrumenta-
tion disturbances.

The contributions from the core field and the external field were
simulated and extracted using the CHAOS-8.2 model. However,
even after this correction, the lithospheric signal remained mixed
with uncorrected low-frequency signals and noise caused by
space currents. To address this issue, a high-pass spherical
harmonic filter (Thébault et al., 2017) with a degrees/orders of 15
was designed to remove the uncorrected low-frequency signals.
During the filtering process, spherical harmonic degrees/orders
16-80 of the LCS-1 were removed and then restored to prevent
any harm to the low-frequency components of the lithospheric
magnetic signals (Thébault et al., 2021).

Finally, vector data from regions equatorward of +55° magnetic
latitude were further selected for periods when the merging elec-
tric field E,, index (averaged over the previous 2 hours, describing
the merging electric field at the magnetopause; Kan and Lee,
1979; Newell et al., 2007) was less than or equal to 0.8 mV/m, the
interplanetary magnetic field (IMF) B, at the magnetopause (aver-
aged over the previous 2 hours) was positive, and the IMF B, at

Zhang P, Du JS and Chen C et al.: A high-resolution lithospheric magnetic field model of China and surroundings



690 Earth and Planetary Physics  doi: 10.26464/epp2025057

the magnetopause (averaged over the previous 2 hours) was less
than +3 nT in the northern magnetic hemisphere and greater
than -3 nT in the southern magnetic hemisphere. Additionally,
satellite vector data with amplitudes exceeding +50 nT were
excluded, as lithospheric magnetic field signals should not exhibit
such high amplitudes at satellite altitudes. The static parameters
of the satellite-surveyed data are presented in Table 1.

4. Results

4.1 Modeling Parameters

The aperture of the cone 6, is set to 27° (1° larger than the data
selection area), and the radii of the two spherical caps r; and r, are
set to a-15 km and a+550 km, respectively. This setup mitigates
the Gibbs effect by ensuring that the modeled area is fully
covered and slightly larger than the coverage of the modeling
data.

According to Thébault et al. (2006b), the internal Legendre basis
contributes more in the lower part of the cone, primarily deter-
mining the resolution and fit of the near-surface data. In contrast,
the external Legendre basis has a greater contribution in the
upper part of the cone, primarily determining the resolution and
fit of the satellite data. Therefore, the maximum truncation
indexes of the internal and external Legendre basis are set to 530
and 18, respectively, allowing the model to achieve up to 3500
and 120 spherical harmonic degrees/orders at the near surface

Table 1. Statistical parameters of the satellite-surveyed data.

and 300 km altitude, respectively. The maximum truncation index
for the Mehler and constant basis is set to 3, considering the data
gap between the near-surface and satellite data. The inverse of
the standard deviation for both near-surface and satellite data is
used as the data weight in the optimization to balance the model
fit across different data sets.

Magnetic models need to be reasonably damped when the
modeling area is near the magnetic poles or equator (e.g., Olsen
et al.,, 2017; Thébault et al., 2017). In regions near the magnetic
poles, because of the intense activity of space currents, particularly
between +60° and +80° magnetic latitude, the noise level in
processed satellite data, especially in the northern and eastern
vector components, increases significantly (e.g., Olsen et al.,, 2017).
In such cases, damping is necessary, and the northern and eastern
vector components may need to be discarded during modeling.
Similarly, in regions close to the magnetic equator, the noise level
in satellite data is raised by the equatorial magnetospheric ring
current, and vector fields recovered from TMI data are subject to
the Backus (1970) effect (e.g., Lesur et al,, 2016; Thébault et al.,
2021). This effect leads to an anomalous enhancement of the east-
ern and radial components near the magnetic equator. Damping
must be applied to minimize components perpendicular to the
core field to address this issue. Fortunately, neither of these
scenarios is relevant to the study area in this research, so the
damping factor A is set to 0.

TMI data
Satellite
Number of data Altitude range (km) Standard deviation (nT)

CHAMP 82144 194 to 480 +3.28
CSES-1 5157 493 to 521 +1.74
MSS-1 13694 419to 482 +2.15
Swarm Alpha 91763 422 to0 503 +2.15
Swarm Bravo 93350 494 t0 522 +1.73

Vector data

savellte Number of data (vector triplets) Altitude range (km) Standard deviation (nT)
By +3.39
CHAMP B, 78874 245 to 481 +3.73
B, +3.62
By +1.86
MSS-1 B, 13694 41910 482 +1.40
B, +2.27
By +2.20
Swarm Alpha B, 92251 42210 503 +3.73
B, +2.33
By +1.91
Swarm Bravo B, 94349 49410 522 +3.56
B, +1.90
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4.2 Data Fit Analysis

The model is constructed after estimating the R-SCH coefficients
based on the current parameter settings. We then forward calculate
the data at the modeling data points to analyze the misfit of the
model to the observation data. The reconstructed near-surface
data and the fitting residuals are shown in Figure 3. Additionally,
the static parameters of the fitting residuals for the near-surface
and satellite data are presented in Table 2. Figures of the recon-
structed satellite data and the fitting residuals can be found in the

Earth and Planetary Physics  doi: 10.26464/epp2025057 691

Supplementary Material.

The reconstructed data and fitting residuals demonstrate that the
model has successfully captured the details of lithospheric
magnetic anomalies across all scales. The unfitted anomalies in
the near-surface data are predominantly short-wavelength
features that fall beyond the resolution capability of the model. In
the satellite data, the unfitted signals primarily appear in the
northern and eastern components, where high-amplitude

@) (b) nT
200
50°
1100
40°
10
30°
20° 4 —100
10°
-200
Figure 3. Reconstructed near-surface data (a) and the fitting residuals (b).
Table 2. Statistical parameters of the fitting residuals.?
Data source Data type Minimum (nT) Maximum (nT) Mean (nT) RMSE (nT)
Near surface TMI —436.69 822.98 3.12x 1072 +12.04
TM™I -13.08 11.07 6.56 x 1074 +0.54
Vector By —49.58 45.02 1.11%x 1073 +2.19
CHAMP
Vector B, —-43.83 45.18 —3.24x 10~ +3.04
Vector B, -26.97 22.00 -742x%x1073 +1.23
CSES HPM6 T™I -6.36 10.34 2.08x 1073 +0.33
T™I -1.35 2.12 -1.42x 1074 +0.13
Vector By -2.16 3.27 1.28 x 1073 +0.26
MSS-1
Vector B, —-5.48 9.04 —-1.69 x 1072 +0.37
Vector B, -5.08 6.01 3.20x 104 +0.29
T™I -14.10 13.32 8.12x 104 +0.46
Vector By -25.16 39.22 2.38x 1073 +1.42
Swarm Alpha
Vector B, -48.19 47.98 -2.74x 1073 +3.46
Vector B, -11.32 15.39 6.30x 1074 +0.71
TMI -8.41 6.92 —3.66 x 1074 +0.35
Vector By —28.46 2745 -2.85x 1073 +1.34
Swarm Bravo
Vector By, -47.87 49.36 8.23x 104 +3.37
Vector B, -18.50 23.02 -2.34x1073 +0.64

aRMSE, root mean square error; HPM6, High-Precision Magnetometer No.6.
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noise is distributed along the satellite orbit. Compared with
CUG_CLMFM3Dv1, the low-frequency replacement process in the
near-surface data and the along-track filtering applied to the
satellite data have effectively eliminated any low-frequency
conflicts between the two datasets.

4.3 Forward Predictions at Multiple Altitudes

The first- and second-rank magnetic tensor components, forward
computed by the obtained R-SCHA model at 0 km altitude, are
displayed in Figure 4. Additionally, the magnetic vector and
module components at altitudes of 50, 100, 200, 300, and 400 km
are presented in Figure 5.

5. Discussion
To verify the reliability of CUG_CLMFM3Dv2, we compare this
regional model with three other high-resolution global spherical

(a) (b)

harmonic models: EMM2017 (SH 16-790; www.ngdc.noaa.gov/
geomag/EMM/), WDMAMv2 (SH 16-800; Lesur et al., 2016), and
SH1050 (SH 16-1050; Thébault et al., 2021), in both spatial and
frequency domains.

5.1 Comparison in the Spatial Domain

Two regions are selected for spatial domain comparison. The first
region spans from 70°E to 100°E and 20°N to 60°N, whereas the
second region spans from 105°E to 135°E and 20°N to 60°N. The
TMI data within the modeling area and the selected area are
shown in Figure 6.

Comparison between model-derived data and the magnetic
anomaly map reveals that CUG_CLMFM3Dv2 exhibits a higher
resolution. The morphology and amplitude of the small-scale
magnetic anomalies in CUG_CLMFM3Dv2 are closer to observed

(c) nT

50°
40°
30°
20°

10° ke

(d)

50°
40°
30°
20°

10° R

Figure 4. The first- and second-rank gradient tensor components forward computed by the built R-SCHA model: (a) By; (b) By; (c) B (d) Txx; (€) Ty

() Tyy} (9) Tz (h) sz; (i) Tz

Zhang P, Du JS and Chen C et al.: A high-resolution lithospheric magnetic field model of China and surroundings


www.ngdc.noaa.gov/geomag/EMM/
www.ngdc.noaa.gov/geomag/EMM/

Earth and Planetary Physics  doi: 10.26464/epp2025057 693

(d) 50km nT

40° fgs
30°

20° J--:

10° |

(e)

=7,

BV

100

-50

-100

nT

50° ¢~
40° =2
30°

200

10° L

(U]

50

-25

=50

nT

50° J#
40° f=/
30° ;
20° |-\

10°

(m)

20

-20

nT

50°
40° s
30°

20°]..

10° L

(a)

10

50°
a0° ==
30°

20° |-

10°

80° 90° 100°110°120°130°

Figure 5. Forward calculated lithospheric magnetic vector and modulus fields at different altitudes when using the constructed regional model.

First column: B,; second column: By; third column: B; last column: B.

data, capturing finer details with improved accuracy.

Notably, the global models mentioned above are constructed
using datasets that have limitations in East Asia. According to
Lesur et al. (2016) and Meyer et al. (2017), both models rely on
East Asian data from Coordinating Committee for Geoscience
Programmes in East and Southeast Asia (CCOP, https://ccop.asia/)

and Eurasian data from National Centers for Environmental Infor-
mation (NCEI, https://www.ncei.noaa.gov/), which lack aeromag-
netic coverage in the southern regions of Xinjiang and Tibet areas.
To compensate, these models use lower resolution, satellite-
based spherical harmonic models in data-vacant areas, resulting
in low-frequency characteristics and small-scale artifact oscilla-
tions. In contrast, CUG_CLMFM3Dv2 integrates high-resolution
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In the first version of the regional model, CUG_CLMFM3Dv1, satel- = .
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shown in Figure 8. This led to a decline in consistency with R-SCH degree

satellite-based spherical harmonic models at higher altitudes. In

contrast, the second version of the regional model, Figure 7. Spectral curves of localized global models and

CUG_CLMFM3DV2, incorporates rigorously selected and filtered =~ CUG_CLMFM3Dv2.
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Figure 8. Consistency between the first and second versions of
CUG_CLMFM3D and LCS-1.

satellite data, enhancing its alignment with these models across
altitudes, especially at higher altitudes.

6. Conclusions

We have updated the high-resolution lithospheric magnetic field
model of China and surrounding regions, thereby addressing the
issues of small- to medium-scale information loss in western China
and the decrease in reliability with altitude found in the first
version.

Whereas the first version relied on WDMAMv2 near-surface data,
the second version incorporates the aeromagnetic map of conti-
nental China, which offers greater detail for areas such as southern
Xinjiang and Tibet. An extraction and replacement scheme for
unreliable low-frequency components has also been applied,
enhancing consistency between near-surface and satellite data.
Additionally, the first version used more than 10 years of CHAMP
vector measurements, whereas the second version integrates
both scalar and vector measurements from the CHAMP, Swarm
Alpha and Bravo, CSES-1, and MSS-1 satellites. These datasets
underwent strict selection and filtering, thereby improving the
alignment of the model with global models at higher altitudes.

By jointly modeling rigorously selected and processed near-
surface and satellite data through spherical cap harmonic analysis,
CUG_CLMFM3Dv2 achieves high resolution and high accuracy.
This model is expected to provide valuable insights across various
geological and geophysical fields, as well as for engineering and
military applications.

Supplementary Material
Additional Supplementary Material can be found in the online
version of this article.
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