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Abstract: In this study, we present a comprehensive evaluation of the magnetic field measurements from the Vector Field Magnetometer
(VFM) aboard the recently launched Macau Science Satellite-1 (MSS-1). One-year data from November 2, 2023, to November 1, 2024, are
considered. The MSS-1 flies with a low inclination (41°) and is designed to provide high-resolution magnetic field measurements,
especially for monitoring the evolution of the South Atlantic Anomaly. Earlier studies confirmed the possibility of using MSS-1A data to
model the Earth’s main magnetic field (e.g., Jiang Y et al., 2024). Therefore, in this study we focus on the magnetic signatures related to
the external field, which are primarily associated with magnetospheric and ionospheric currents. The global distributions of the magnetic
residuals from MSS-1A show a pattern consistent with that derived from the European Space Agency’s Swarm A satellite. A statistical
survey of the conjugated observations (with At <5 min and AR < 150 km) between the two satellites showed that the difference between
their magnetic residuals is within £3 nanoteslas. By separating the magnetic residuals at the noon and midnight hours, we see that the
MSS-1A data can effectively capture features of the magnetospheric and ionospheric currents, such as the magnetospheric ring current
and ionospheric equatorial electrojet. Moreover, the magnetic residuals from MSS-1A show a diamagnetic effect caused by post-sunset
equatorial plasma bubbles, which also suggests that the MSS-1A data have the potential to reveal the ionospheric structures. The
comprehensive evaluations performed within this study demonstrate that the MSS-1A provides high-quality magnetic field data reaching
the level of the Swarm satellite, which enables a deeper understanding of the modeling of Earth’s magnetic field as well as monitoring of

the magnetic environment.
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1. Introduction

The Earth’s magnetic field is one of the most important geophysical
fields, originating from its core, the lithosphere, and the surround-
ing space. It can be approximated by a dipole field, with its two
magnetic poles located near the geographic poles, but they do
not coincide exactly. As a critical protective barrier, the geomag-
netic field shields the Earth from cosmic rays and high-energy
particles in the solar wind, thereby safeguarding life on Earth from
the harmful effects of these high-energy radiations (Tsareva et al.,
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2020). According to their origins, geomagnetic fields are generally
categorized into internal and external fields. The internal field
originates from magnetic materials and electric currents beneath
the Earth’s surface and can be further sorted into the core field,
the lithospheric field, and induced fields. The external field origi-
nates from current systems, characterized by their global scale
and spatiotemporal correlations. Currents can be broadly catego-
rized based on their physical processes and distribution regions
into interplanetary currents, magnetospheric currents, and iono-
spheric currents. Magnetospheric currents are further divided into
magnetopause currents (e.g., Kivelson and Russell, 1995), magne-
totail currents (e.g., Ness, 1965), ring currents (e.g., Dessler and
Parker, 1959), and polar field-aligned currents (e.g., lijima and
Potemra, 1976a, b), with the latter serving as a critical coupling
link between the magnetosphere and ionosphere. Field-aligned
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currents are sometimes classified as ionospheric currents. Other
ionospheric currents primarily include solar quiet (Sq) currents
(e.g., Singer et al., 1951; Yabuzaki and Ogawa, 1974), the equatorial
electrojet (EEJ; e.g., Chapman, 1951; Yamazaki and Maute, 2017),
interhemispheric field-aligned currents (IHFAC; e.g., Fukushima,
1994; Olsen, 1997), and auroral electrojets (AEJ; e.g., Harang,
1946). Additionally, ionospheric currents encompass nightside
horizontal zonal currents, gravity and pressure gradient currents
(e.g., Alken et al, 2017), and diamagnetic currents induced by
equatorial plasma bubbles (EPBs; e.g., Lihr et al., 19863, b). These
currents are generally weaker, causing magnetic field variations
typically within £10 nanoteslas (nT) or even <1 nT. From the
perspective of magnetic field strength, the Earth’s core magnetic
field accounts for 95% of the total magnetic field, the lithospheric
magnetic field accounts for about 4%, and the external and
induced magnetic fields together make up only 1% of the total
magnetic field (Xu WY, 2009). It is noteworthy that these external
fields vary substantially over time, with their magnitude fluctuating
from a few nT during geomagnetically quiet periods to several
hundred or even thousands of nT during geomagnetic distur-
bances (Gonzalez et al., 1994). Wang YB et al. (2023) discussed
influences of various space current systems on the geomagnetic
field in near-Earth space through simulations, showing their
significance in high-precision magnetic field modeling.

From the discussion above, it can be concluded that variations in
the magnetic field are considered one of the key physical quantities
for effective monitoring, diagnosis, and forecasting of the near-
Earth space environment. Prior to the advent of satellites,
magnetic field models were constructed using data from ground-
based magnetometers, airborne surveys, and marine magnetic
surveys. However, these methods were limited in spatial coverage
and could not provide global magnetic field data over a short
period (Yang YY et al.,, 2024). Since the 1950s, satellite observations
have become the primary method for measuring the magnetic
field in space. Compared with other measurement techniques,
satellites are not limited by geographic location or surface
weather conditions, enabling continuous measurements along
their orbits and providing precise global magnetic field data
(Xiong C et al., 2025). This capability has contributed substantially
to the development of the magnetic field models (Alken et al.,
2014). Low earth orbit satellite missions, from Magsat (Langel,
1979; Langel et al.,, 1980) to Swarm (Friis-Christensen et al., 2006),
have greatly advanced Earth’s magnetic field monitoring and
enabled crucial studies of the recent evolution of the core
magnetic field (Olsen and Stolle, 2012). With the development of
China’s space and satellite technologies, geomagnetic field detec-
tion satellites have also been launched. For instance, the China
Seismo-Electromagnetic Satellite (CSES) was launched on February
2, 2018 (Shen XH et al., 2018), and the magnetic data it provides
have been utilized for global geomagnetic field modeling (Yang
YY etal,, 2021).

The Macau Science Satellite-1 (MSS-1), launched on May 21, 2023,
is a high-precision, low-inclination geomagnetic survey satellite.
Unlike conventional magnetic survey satellites, which are limited
by polar orbits, MSS-1A can provide high-resolution east-west
magnetic field components. It also enables effective monitoring

of the magnetic field in mid- and low-latitude regions, including
the South Atlantic Anomaly (Yue YC et al., 2024). Recent research
has demonstrated the advanced capabilities of MSS-1A. Jiang Y et
al. (2024) derived the MSS-1 Initial Field Model (MIFM) by using 8
months of data from MSS-1A, supplemented by higher latitude
field intensity measurements from the Swarm satellites. Further,
Olsen (2025) describes the complementary nature of Swarm and
MSS-1 satellites in geomagnetic field modelling and for monitoring
large-scale magnetospheric contributions. Williams et al. (2025)
performed an assessment of the lithospheric magnetic field by
using the first year of MSS-1 data. Yao HB et al. (2025) combined
magnetic field data from Swarm and MSS-1A, producing the self-
consistent model of Earth’s magnetic field and mantle conductiv-
ity. Additionally, Ren ZY et al. (2025) successfully extracted tidal-
induced magnetic field signals from MSS-1A data, showing strong
agreement with results from the Swarm and CryoSat satellites.

Although MSS-1A has demonstrated its capabilities in providing
high-quality global magnetic field data, a comprehensive evalua-
tion of its magnetic field data has not yet been performed. In this
study, we evaluate the 1 Hz vector magnetic data from MSS-1A,
focusing on the magnetic residual data processed by removing
the core and lithospheric fields. Section 2 introduces the satellites
and geomagnetic field models used for the MSS-1A evaluation,
followed by presentation and discussion of the evaluation results
in Sections 3 and 4. Finally, we summarize the main findings of
this study in Section 5.

2. Datasets

The MSS-1 was launched on May 21, 2023, flying with a low-incli-
nation (approximately 41°) and a near-circular orbit, at an initial
altitude of approximately 450 km (Zhang K, 2023). The MSS-1
mission is designed to survey Earth’s low-latitude magnetic field
and monitor space environment changes. The MSS-1 is composed
of two satellites (A and B). MSS-1A is equipped with a highly stable
optical bench and three key instruments: a high-precision Fluxgate
Magnetometer (FGM), a Vector Field Magnetometer (VFM), and a
Coupled Dark State Magnetometer (CDSM). These instruments
enable the satellite to measure the Earth’s magnetic field with
unprecedented accuracy. In this study, we evaluate the vector
magnetic field data measured by the VFM, sampled at a rate of
1 Hz. As a comparison, we use Swarm A data, including magnetic
field data from the VFM and electron density data from the Lang-
muir probes.

Figure 1 provides an overview of the altitude and local time (LT)
evolution of the MSS-1A and Swarm A from November 2, 2023, to
November 1, 2024. From Figure 1a, it can be observed that the
orbit altitude of MSS-1A decreased by approximately 50 km over
the year, whereas Swarm A experienced a reduction of approxi-
mately 20 km. This decrease is likely due to the elevated solar
activity, which leads to higher atmospheric drag caused by pertur-
bations and heating of the neutral thermosphere, thereby reducing
the satellite’s altitude (Nwankwo et al., 2015). Figure 1b shows LT
coverage of MSS-1A and Swarm A. The MSS-1A requires approxi-
mately 26 days to cover 24 hours of LT, whereas Swarm A takes
approximately 134 days, considering only their equatorial cross-
ings. The low-inclination orbital characteristics of MSS-1A allow it
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Figure 1. (a) Orbit altitude of MSS-1A’s equatorial crossing. (b) Local time of MSS-1A’s equatorial crossing. Both parameters are plotted from

November 2, 2023, to November 1, 2024.

to sample the magnetic field at all local times in a relatively short
period compared with that of Swarm, which has the advantage
for studies requiring complete LT coverage, such as the magneto-
spheric ring current modeling and ionospheric signatures caused
by tidal forcing from the lower atmosphere (Ou JM et al., 2024).

The CHAOS-7 model, developed by Danish Technological Univer-
sity (DTU), is a global geomagnetic field model designed to repre-
sent the Earth’s main magnetic field and its secular variation. It
combines ground-based observatory measurements and satellite
observations from Swarm, CryoSat-2, CHAMP (Challenging
Minisatellite Payload), SAC-C (Satélite de Aplicaciones Cientificas-
Q), and @rsted. The model consists of an internal field up to spher-
ical harmonic degree 20, an LCS-1 lithospheric field model above
degree 25, and an external field of degree 1 related to the Ring
Current (RC) index (Olsen et al, 2014; Finlay et al.,, 2020). It is
widely used in geophysical studies, space weather research, and
magnetic anomaly mapping. In this study, we use the CHAOS-7
model to remove the contributions from the Earth’s core and
lithospheric fields to isolate the magnetic field generated by
currents. The resulting residual magnetic field is primarily associ-
ated with magnetospheric and ionospheric currents.

3. Results

Considering the geographic latitude coverage of MSS-1A, Swarm
A selected only the data within the latitude range of —41° to 41°N
latitude in the following magnetic field data comparison. Figure 2
presents a time series of the geomagnetic activity condition and
the residuals between the satellites’ magnetic field data and

CHAOS-7 predictions. Figures 2a and 2b show the Kp index and
the geomagnetic index Dst. Figures 2c—2j display the AB,, AB,, and
AB, components in the North-East-Center (NEC) frame and the
total of the residual magnetic field AB¢ for MSS-1A and Swarm A,
respectively. Both satellites exhibit substantial disturbances
during geomagnetic storms, such as those on November 5, 2023,
May 10, 2024, August 12, 2024, and October 10, 2024, with the
residual total magnetic field reaching up to 200 nT. During
geomagnetically quiet periods, the residual geomagnetic field
components for both satellites remain within the range of tens of
nT. This is primarily caused by the magnetic effects of magneto-
spheric currents and ionospheric currents.

As mentioned earlier, the magnetic residuals, processed by
removing the core and lithospheric fields from CHAOS-7, reflect
the structure of space currents. Figure 3 illustrates the geographic
distribution of the magnetic residuals AB, represented by the
median of all residuals within each grid bin with a bin size of 5°
geographical latitude (GLAT) and 10° geographical longitude
(GLON). Figures 3a and 3b display the global distribution of the
three component residuals of MSS-1A and Swarm A, respectively,
from November 2, 2023, to November 1, 2024. The X-component
distributions of the two satellites exhibit an intense, narrow band
that flows above the magnetic dip equator, directed southward,
with a magnitude of approximately 40 nT. The Y-component
primarily exhibits east—west variations, with negative values to
the west of —70°E and positive values to the east. The Z-component
in the northern hemisphere points toward the Earth’s center,
whereas the opposite is true in the southern hemisphere, with a
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Figure 2. (a) Kp index. (b) Dst index. (c—f) Magnetic residuals to CHAOS-7 predictions (core and lithospheric field) in the three NEC components

and the field magnitude for MSS-1A, and (g-j) the same for Swarm A. Each parameter is plotted from November 2, 2023, to November 1, 2024.

magnitude of approximately 10 nT in both hemispheres. Overall,
the distribution maps of the three magnetic field components for
MSS-1A and Swarm A are quite similar.

It is well-known that space currents are significantly influenced by
geomagnetic activity and exhibit LT dependence. In this part, we
focus on the distribution of magnetic residuals at noon
(11:00-13:00 magnetic local time [MLT]) and midnight
(23:00-01:00 MLT) during periods of low geomagnetic activity
with Kp <2. As shown in Figure 4, the median of the distribution is
represented by the black line, with the dark gray shaded area indi-
cating the interquartile range (25%—75%). The light gray area
denotes the 1st—99th percentile range. Figure 4a illustrates that
for all three components, the majority of the data (dark gray
shaded area) show minimal deviation from the median, with
differences of only around 15 nT. Each component exhibits
distinct distribution characteristics. For example, the median of
the X-component shows a distinct drop of approximately 20 nT at

the magnetic equator, whereas the Z-component displays a
noticeable reversal near the magnetic equator, changing from
11 nT to =14 nT within a latitude range of 7°. In contrast, at
midnight the AB distribution does not exhibit any noticeable
disturbances or variations, as shown in Figure 4b.

Figure 5 presents a comparison of magnetic field data between
MSS-1A and Swarm A during their conjunction interval. We define
a conjunction as when the spatial distance between MSS-1A and
Swarm A was less than 150 km and the temporal interval in UTC
(Coordinated Universal Time) was less than 5 minutes. Figures 5a
and 5b provide examples of a conjunction event that occurred on
October 3, 2023, from 11:41 to 11:47 UTC under geomagnetically
quiet time. Figure 5a shows the geographical trajectory of this
conjunction event, with both satellites in their descending orbits.
The two satellites intersect at approximately —3°N latitude and
—84°E longitude, with Swarm A crossing the location at around
11:42 UTC and MSS-1A crossing at approximately 11:47 UTC. The
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close spatial and temporal alignment enables a direct comparison
of their magnetic field data, providing an opportunity to verify
and cross-check the quality of the magnetic field data of the two
satellites. The red and green lines in Figure 5b represent the
magnetic residuals, respectively, over time during this conjunction
event. The average of the magnetic residuals between the two
satellites is only about 2 nT. Additionally, we perform statistics on
all conjunction events over the course of a year. Each conjunction
event is represented by calculating the median of each satellite’s
magnetic residuals and then computing the difference between
the two medians. From November 2, 2023, to November 1, 2024, a
total of 1116 conjunction events occurred. To minimize the influ-
ence of geomagnetic storms and other disturbances on the statis-
tical results, we select the processed data falling within the 10th
to 90th percentile range. Figure 5¢ shows the distribution of the
processed total magnetic field data within each bin of a grid with
a bin size of 10° GLAT and 20° GLON. The majority of the data
show variations within only 1.5 nT. Such small differences
between the MSS-1A and Swarm A observations further support
the high quality of the magnetic data set of the MSS-1A mission.

4, Discussion

4.1 Magnetic Signatures Caused by Magnetospheric and
lonospheric Currents

Previous satellites have revealed that magnetospheric and iono-
spheric currents vary with LT (e.g., Lihr et al., 2003, 2017; Zhou YL
and Luhr, 2017; Wang FJ et al,, 2023). Therefore, in the time series
shown in Figure 2, the magnetic residual components exhibit an
envelope structure. To further illustrate the periodic structures
within them, taking the Z-component as an example, we perform
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Figure 4. Magnetic residuals for (a) noon (11:00-13:00 MLT) and (b) midnight (23:00-01:00 MLT). The black line is the median, the dark gray
shaded region is the interquartile range (25%-75%), and the light gray area denotes the 1st to 99th percentile range.
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a spectral analysis on the magnetic residuals, as shown in Figure 6.
The analysis revealed two frequency components related to the
satellite orbit: one that varies with the satellite orbital period
(approximately 1.56 hours) and the other that varies with the
satellite orbital regression period (132.45 days for the Swarm A
and 26.14 days for the MSS-1A). The satellite periods reflected in
the spectrum are consistent with the features we derived from
Figure 1, where the regression period of Swarm A is approximately

134 days and that of MSS-1A is 26 days, to cover all 24 hours of LT.
The characteristics of magnetic field disturbances caused by
currents with the satellite orbital regression period are also
reflected in the geographic distribution maps, as shown in
Figure 3. We can see clear vertical-banded stripes in the distribution
of magnetic residuals of Swarm A, especially in the X-component.
In contrast, MSS-1A, a low-inclination orbit satellite with a shorter
regression period, shows a much smoother distribution of
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Figure 6. The spectral analysis of AB,: (@) MSS-1A and (b) Swarm A. The blue text marks the satellite information for the orbital period and the

orbital regression period.
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magnetic residuals over one year.

Although the two satellites exhibit differences in the details of
their magnetic residual distributions due to their distinct orbital
characteristics, the overall macroscopic features are consistent. As
shown in Figure 3, the X-component exhibits a pronounced mini-
mum near the magnetic equator within a narrow latitude range of
+2°, closely resembling the distribution pattern of the EEJ, which
is located at an altitude of approximately 105-110 km, well below
the 450 km orbital altitude of MSS-1A. According to Ampere’s law,
the eastward EEJ generates a global southward magnetic distur-
bance, resulting in a downward perturbation in the northern
hemisphere and an upward perturbation in the southern hemi-
sphere. Similarly, the westward ring current, located at a higher
altitude than MSS-1A, induces magnetic disturbances with the
same directional characteristics as those observed by MSS-1A.
These global distribution patterns of AB are not only affected by
space currents but also associated with magnetic inclination and
declination. For the Z-component, the magnetic inclination also
contributes to the observed north-south hemisphere symmetry.
The Y-component primarily exhibits longitudinal variations, with
negative values to the west of —70°E and positive values to the
east. This feature may be related to magnetic declination because
the magnetic field lines are parallel to the meridian at —70°E,
where By is zero.

Figure 4 shows the distribution characteristics of the magnetic
residuals with magnetic latitude (MLAT). The statistical median

Earth and Planetary Physics  doi: 10.26464/epp2025038 527

suggests typical ionospheric features, whereas the shaded area
reflects the day-to-day discrepancy. As shown in Figure 4a, at
noon, significant variations in the X- and Z-components of the
magnetic field are observed near the magnetic equator. The nega-
tive excursion in the X-component and the flip of the sign toward
negative in the Z-component, directed toward the north, reflect
the signatures of the EEJ. The amplitudes in both components,
approximately 20 nT, are consistent with the signatures detected
earlier in CHAMP and GRACE-FO (Gravity Recovery and Climate
Experiment Follow-on; Lihr and Maus, 2006; Stolle et al., 2021).
However, during nighttime, as solar ultraviolet radiation weakens
and eventually disappears, the contribution of photoionization to
the ionosphere gradually decreases, leading to a reduction in
ionospheric conductivity (Prolss, 2004). Thus, no noticeable distur-
bances are observed in any of the three components, as shown in
Figure 4b, which also indirectly confirms the reliability of the MSS-
1A data.

4.2 Magnetic Signatures Related to Other Disturbances

Although the space currents are one important cause of magnetic
signatures, other sources also cause magnetic disturbances, such
as artificial signals from the satellite platform or EPBs. After a
detailed analysis, we have repeated Figures 1 and 2 as Figure 7,
but classify the magnetic signatures into different types. In
general, the magnetic signatures from MSS-1A can be broadly
classified into four types: (1) disturbances caused by magneto-
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Figure 7. (a) Altitude of MSS-1A. (b) Kp index. (c) Dst index. (d-g) Magnetic residuals to CHAOS-7 predictions (core and lithospheric field) in the
three NEC components and the field magnitude for MSS-1A. Each parameter is plotted from November 2, 2023, to November 1, 2024. The boxes

represent different types of disturbances.
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spheric and ionospheric currents; (2) disturbances caused by
unmodeled patterns of CHAOS-7 (e.g., the magnetic signals from
diamagnetic currents and ocean tides); (3) disturbances due to
attitude and orbit control of the satellite; (4) disturbances of
unknown origin.

We have already discussed the first type. Here, we would like to
mention that although the MSS-1A and Swarm A flew at different
MLT during the same geomagnetic storms, (e.g., on November 5,
2023, May 10, 2024, August 12,2024, and October 10, 2024), the
enhancement of ring currents in the magnetosphere could induce
disturbances of up to several hundred nT (green box shown in
Figure 7). During geomagnetically quiet periods, the EEJ, driven
by the eastward electric field on the dayside, also causes diurnal
magnetic field variations of approximately 20 nT.

For the second type of disturbance, we take the perturbation
induced by EPBs as an example. When charged particles enter the
magnetic field, they generate magnetic moments that oppose the
ambient field, resulting in a reduction of the background

magnetic field, which is known as the diamagnetic effect. As
demonstrated previously by Lihr et al. (2003) and Stolle et al.
(2006) using high-precision magnetic field data and plasma
density data observed by the CHAMP satellite, EPBs can cause a
reduction of approximately 5 nT in the magnetic field at an altitude
of 430 km. Figure 8 illustrates an EPB event observed simultane-
ously by MSS-1A and Swarm A. On November 15, 2023, the two
satellites flew from south to north and intersected at 6°N, —55°E.
Figure 8b shows the electron density data from Swarm A, with the
red line highlighting the region of electron density depletion. For
the magnetic field data, we follow the method outlined by
Xu CY et al. (2024) by removing the CHAOS-7 model and filtering
the magnetic residuals before transforming them into the mean
field-aligned (MFA) coordinate system and showing the parallel
component. As shown in Figure 8, from 02:47 to 02:50 UTC,
Swarm A observed a magnetic disturbance of approximately
0.3 nT caused by the plasma bubble. Seventeen minutes later,
MSS-1A passed through the same region of electron density
depletion and observed the EPBs between 03:05 and 03:06 UTC,

(a) Joint observations of EPBs by Swarm A and MSS-1A
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Figure 8. (a) Trajectory of EPBs observed during a single orbit with simultaneous observations by Swarm A and MSS-1A on November 15, 2023.
(b) Ne from Swarm A. (c) AB) profiles from Swarm A over UTC. (d) Similar to (c), but for MSS-1A. The colored lines in the figure highlight the

parameters related to EPBs.
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with a magnetic disturbance of approximately 0.4 nT. The EPBs
would not be expected to undergo significant changes within
such a short time frame. The longitudinal span of the EPBs was
approximately 4°, and the east-west scale of the EPBs was approx-
imately 440 km. Previous studies on EPBs have typically used polar-
orbiting satellites (e.g., Xiong C et al,, 2010; Xiong C and Luhr,
2023), which can analyze only the latitudinal scale of EPBs. As
shown in Figure 8d, within just 6 minutes of MSS-1A's flight time,
four depletion regions were observed. The low-inclination orbit of
MSS-1A allows for rapid latitudinal coverage, with observations
from MSS-1A providing a valuable new perspective for studying
the morphology of EPBs and other ionospheric structures.

For the third type, we discuss the disturbances from the satellite
itself. Although magnetometers undergo rigorous testing and
calibration before launch, their accuracy can still be affected by
variations in onboard electrical and electronic systems after
deployment. Moreover, long-term in-orbit operation can lead to
sensor degradation, particularly for vector magnetometers, as
aging components and changing environmental conditions grad-
ually render prelaunch calibration parameters obsolete, compro-
mising data reliability. Therefore, in-orbit calibration is essential to
ensure measurement accuracy and data reliability (Rother et al.,
2005; Yin F, 2010; Yin F and Lihr, 2011). Some of these perturba-
tions have clear and identifiable sources, such as issues with the
mechanical link between the FGM and the star tracker (STR) leading
to anomalies in the southernmost part of the nightside segment
of CSES orbits (Yang YY et al., 2021). Here, we present two distinct
cases caused by attitude and orbit control of the satellite. The first
case occurred on January 8, 2024, when an anomalous altitude of
403 km was recorded. This anomaly resulted in a clear spike of
magnetic disturbance exceeding 300 nT, as highlighted by the
blue box on the left side of Figure 7. The second case took place
on September 5, 2024, when a significant altitude adjustment of
approximately 20 km was observed. This altitude change affected
all three magnetic field components, each exhibiting variations
exceeding 200 nT while the total magnetic field remained
unchanged, as shown by the blue box on the right side of
Figure 7.

Although for most of the magnetic signatures in MSS-1A, we
already have good explanations, some signatures still need
further investigation. These fall under the fourth kind of distur-
bances: disturbances of unknown origin. These signatures require
a comprehensive physical and mathematical analysis of satellite
operational states, environmental parameters, and orbital charac-
teristics to be accurately identified (Yang YY et al, 2024). For
example, all six subplots in Figure 4 show a noticeable drop in the
magnetic field components at 37°N MLAT with a magnitude of
2 nT, along with high-frequency perturbations at 35°-50°N MLAT.

5. Summary

In this study, we provide a comprehensive evaluation of the 1 Hz
vector magnetic data from the MSS-1A. Our analysis confirms that
the MSS-1A can deliver high-quality magnetic survey data. The
key findings from our comprehensive evaluation are as follows:

(1) The global distributions of all three components of magnetic
residuals from MSS-1A show a pattern consistent with that
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derived from Swarm A, with the distribution of MSS-1A showing
less LT dependence. A statistical comparison of conjugate obser-
vations between the two satellites indicates that the differences in
their magnetic residuals are within 3 nT.

(2) The MSS-1A is capable of capturing the characteristics of space
currents, such as the magnetospheric ring current and ionospheric
EEJ. By separating the magnetic residuals at the noon and
midnight hours, we see features the EEJ causes in diurnal
magnetic field variations of approximately 20 nT.

(3) The magnetic residuals of MSS-1A also show a diamagnetic
effect caused by post-sunset EPBs. We provide an EPB event
observed simultaneously by MSS-1A and Swarm A, highlighting
the potential of MSS-1A to reveal the ionospheric structures.

(4) However, magnetic field data of MSS-1A also contain unidenti-
fied disturbances, such as a sudden drop at 37°N MLAT and high-
frequency perturbations at 35°-50°N MLAT, which warrant further
investigation.

Data Availability Statement

The MSS-1A magnetic field data can be downloaded from the
Macau University of Science and Technology MSS website:
https://mss.must.edu.mo. The Swarm magnetic field and electron
density data can be downloaded from the European Space
Agency Swarm website: https://earth.esa.int. The CHAOS-7 model
can be downloaded from https://www.spacecenter.dk/files/
magnetic-models/CHAOS-7. The Dst and Kp indexes can be
accessed through the OMNIWeb Data Explorer: https://omniweb.
gsfc.nasa.gov/form/omni_min.html.
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