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Abstract 

The Korean space weather monitor (KSEM) aboard the GEO-KOMPSAT-2A (GK2A) has been continuously measuring 
energetic particle flux in geostationary orbit at 128.2°E longitude since July 2019. The particle detector (PD) com‑
ponent of KSEM comprises six particle telescopes viewing different directions that provide near-real-time electron 
flux observations within the energy range of 100 keV to 3.8 MeV. The KSEM PD on the GK2A satellite, together 
with the MPS-HI on the GOES-16 satellite 156.6° away, can provide valuable simultaneous observations of the asym‑
metric space environment and contributes to our understanding of this dynamic region. In this study, we present 
recent energetic electron flux measurements obtained from the KSEM PD and conduct preliminary cross-compari‑
sons with data from the Magnetosphere Particle Sensor–High (MPS-HI) PD, which is part of the SEISS instrument suite 
onboard GOES-16. The inter-comparisons show that the electron fluxes of the two detectors are in reasonable similar‑
ity except for some energy bands under quiet conditions. Additionally, we provide a brief overview of the electron 
flux responses of both KSEM PD and MPS-HI under enhanced space environment conditions, which shows differences 
based on sensor characteristics and satellite location.
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Graphical Abstract

Background
The geostationary Earth orbit (GEO) is an ideal location 
for satellites, including telecommunications, broadcast-
ing, and weather monitoring, as it provides a constant 
view of a fixed region on the Earth’s surface. However, 
the GEO is also subject to dynamic space weather phe-
nomena that can impact satellites. Satellites in GEO, 
expected to have an operational lifetime of ≥ 10  years, 
are more vulnerable to extreme space weather events, 
such as strong magnetic storms or solar energetic parti-
cle events, which can cause malfunctions, data loss, and 
communication disruptions (Choi et  al. 2011; Lohm-
eyer and Cahoy 2013). In particular, energetic particle 
exposures could increase satellite operational anomalies 
(Baker 2001). Thus, monitoring energetic particle fluxes 
is crucial for ensuring the operational longevity of satel-
lites in the GEO.

Satellite-based in situ observations of the near-Earth 
space environment have significantly advanced our 
understanding of space weather phenomena. Since 
the launch of the Explorer 1 satellite, which discov-
ered the Van Allen radiation belts (Allen et  al. 1958), 
many satellite-based space physics/space weather mis-
sions have been launched (e.g., MAGSAT, CHAMP, and 
POLAR). Some of the longest continuous monitoring 
of the near-Earth space energetic particle environment 
has come from the Los Alamos National Laboratory 
satellite measurements from 1989 to 2016 and from 
the National Oceanic and Atmospheric Administra-
tion (NOAA) Geostationary Operational Environmen-
tal Satellite (GOES) series, which has operated the 
Space Environment Monitor (SEM) on SMS (The Syn-
chronous Meteorological Satellites) and GOES since 
1974. Recently, NOAA launched three GOES-R series 

satellites (GOES-16, GOES-17, and GOES-18), includ-
ing the particle sensor suite named the Space Environ-
ment in situ Suite (Dichter et al. 2015), and other space 
weather instruments. Japan Meteorological Agency 
(JMA) is operating geostationary meteorological sat-
ellites Himawari-8 and -9, which include a space envi-
ronment data acquisition monitor (Bessho et al. 2016). 
China Meteorological Administration (CMA) has 
launched the geostationary satellite Fengyun (FY)-2 
and FY-4 series, which include a SEM suite and a 
space environment package as a payload (Yang et  al. 
2016). In addition, the European Space Agency (ESA) 
has deployed the Next Generation Radiation Moni-
tor (NGRM) unit on the European Data Relay System, 
Satellite-C (EDRS-C) to monitor space radiation (Sand-
berg et al. 2022).

The Korea Meteorological Administration launched 
the GEO-KOMPSAT-2A (GK2A) satellite on December 
4, 2018, which features the Korean space weather moni-
tor (KSEM) as a secondary payload (Oh et al. 2018). The 
KSEM mission aims to provide real-time in situ moni-
toring of space weather from the GEO at a longitude 
of 128.2°E. The KSEM instrument suite includes the 
KSEM particle detector (PD), a magnetometer, and a 
charging monitor (Magnes et al. 2020; Seon et al. 2020; 
Woo et al. 2020).

This study presents initial electron flux observa-
tions at geostationary altitude made by the KSEM PD, 
along with preliminary cross-comparisons with data 
from the Magnetosphere Particle Sensor–High (MPS-
HI) (Dichter et  al. 2015) on the GOES-16 satellite. 
The GOES-16 satellite operates in GEO at a longitude 
of 75.2°W, a position that is 156.6° (equivalent to 10 h 
26 min in local time) away from GK2A, almost on the 
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opposite side of the Earth. This positioning of the satel-
lites allows for simultaneous observations of the same 
space weather phenomena from different locations, 
thereby providing a more comprehensive coverage of 
the space environment. The electron channel energies 
of KSEM PD and MPS-HI are shown in Table 1.

Instruments overview
The KSEM PD inherits its fundamental design and struc-
ture from satellite-based particle sensors on WIND, 
STEREO, THEMIS, and MAVEN (Lin et  al. 1995; Luh-
mann et  al. 2005; Sibeck and Angelopoulos 2008; Lar-
son et  al. 2015). It has been modified to improve the 

detectable particle energy range by increasing the num-
ber and thickness of detectors. Figure 1 presents illustra-
tions of the KSEM PD and GK2A. The KSEM PD consists 
of three independent units of identical design and struc-
ture, PD1, PD2, and PD3. Each unit consists of a pair 
of identical double-ended heads solid-state telescopes 
(SSTs) to detect electrons and protons from opposite 
directions with a 20 × 20° field of view. In total, the KSEM 
PD comprises six electron telescopes, each providing a 
different viewing direction. Figure 2 and Table 2 provide 
the boresight directions of KSEM PD telescopes.

The KSEM PD’s detectable energy range is 100  keV–
3.8 MeV, which is particularly important for monitoring 
space weather phenomena and their impacts on GEO sat-
ellites. Significant internal charging of satellites is usually 
associated with electron fluxes of 100 keV–3 MeV (NASA 
2011), which can infiltrate the satellite and increase the 
potential for electrostatic discharge (Ferguson et  al. 
2011). Moreover, increases in the 200  keV–1.5  MeV 
electron fluence, especially, can elevate the likelihood 
of anomalies in geostationary satellites (Sakaguchi and 
Nagatsuma 2022). In the recent critical satellite anom-
aly, (Loto’aniu et al. 2015) showed a flux of 75–475 keV 
electrons, the highest to date since 2009, when the Gal-
axy 15 geostationary satellite experienced a loss of con-
trol and stopped responding to the ground on April 5, 
2010. In contrast, the fluxes of higher-energy electrons 
(> 0.8  MeV) and protons (> 6.5  MeV) did not show any 
significant increase.

Table 1  Energies of KSEM PD and MPS-HI electron channels

Channel No KSEM PD energy (keV) MPS-HI energy (keV)

1 100–150 90–145

2 150–225 145–230

3 225–325 230–325

4 325–450 325–460

5 450–700 460–705

6 700–1350 705–1360

7 1350–1800 1360–1785

8 1800–2600 1785–2685

9 2600–3800 2685–4345

10 2000–3800  > 2000 (integral)

Fig. 1  KSEM PD and GK2A satellite. a Configuration of the KSEM PD. b Location of KSEM PD units. PD1, PD2 and PD3 are mounted on the underside 
of the GK2A satellite, facing away from Earth. The X, Y, and Z axes correspond to the east (the satellite’s velocity direction), south, and nadir direction 
(the Earth’s direction), respectively. Each coordinate axis in the figure aligns parallel to the edges of the spacecraft. The original image is a public 
work of the Korea Aerospace Research Institute and is used according to the Korea Open Government License Type 1. c Illustration of field of views 
for PD telescopes
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The KSEM PD has been successfully deployed and 
commissioned to make reliable measurements of the 
energetic particle population at its location. (Seon et  al. 
2020) demonstrated that its instruments are operational 
and can provide serviceable inputs to space science and 
space weather communities. It is worth noting that the 
lowest energy channel (Channel 1: 100–150 keV) was not 
used in this study, as it is currently undergoing additional 
calibration to optimize and improve the status of each 
telescope. For more detailed and technical descriptions 
of KSEM PD, refer to Seon et al. (2020).

Cross‑comparison between KSEM PD and MPS‑HI
The KSEM PD has six telescopes, while MPS-HI has 
five telescopes, two and three of which operate in dif-
ferent energy ranges. In the case of MPS-HI, we used 
telescopes 1, 2, and 4, which operate in the same 
energy ranges. Since no pair of telescopes from both 
satellites has a similar viewing direction, we con-
sidered omnidirectional fluxes in this work. These 
fluxes are calculated by averaging all directional flux 
densities. Comparing omnidirectional fluxes from 

two different sensors with limited fields of view may 
introduce some variance due to the different observing 
geometries of the telescopes. However, the goal of this 
work is to provide practical data that can be readily 
used in real-time space weather monitoring and fore-
casting systems. In this context, omnidirectional fluxes 
serve effectively as they represent a standard and com-
monly used measure. This approach provides us with 
a practical and robust method to obtain comparable 
measurements.

We analyzed two years of data from 2020 and 2021. 
Figure  3 displays the geomagnetic status during this 
period using geomagnetic indices (Kp and Dst). The start 
of 2020 coincided with the minimum phase of solar cycle 
25 from December 2019, characterized by weaker solar 
activities and lower occurrence rates of significant space 
weather events than previous solar cycles. In 2020, the 
geomagnetic activity was mostly weak, with Kp < 4 and 
Dst > −  40 nT, except for a few multi-days disturbances. 
In 2021, generally weak geomagnetic conditions pre-
vailed although these indices sometimes exceeded 4 and 
−  40  nT, respectively, including a strong disturbance in 
May and November with Kp over 7. Because of the lim-
ited occurrence and relatively short duration of active 
conditions, the impact of these magnetic disturbances 
may not be significant in long-term analyses. However, to 
mitigate any potential influence, we have selected mag-
netically quiet days, defined as those with a daily average 
Kp index of 2 or less. In 2020, 321 out of 366 days met 
this condition, and in 2021, 274 out of 365 days also satis-
fied this criterion.

Figure  4 displays the time series of electron flux data 
for KSEM PD and MPS-HI from 2020 to 2021. It pre-
sents an overview of the long-term data trends observed 
from the two satellites. Despite some differences in detail, 
which may be due to location or sensor differences, 
the electron flux measurements from both detectors 
showed good agreement on a two-year timescale. MPS-
HI showed a slightly higher flux during the enhancement 
phases than KSEM PD from Channels 2 to 7. However, 
this trend was reversed during prolonged minor geo-
magnetic storms in August–September 2020 and March 
2021. In Channels 8 and 9, the two detectors showed a 
constant background offset, with KSEM PD measuring 
higher fluxes than MPS-HI. This offset can be attributed 
to certain intrinsic aspects of their respective algorithms. 
The algorithm applied to the GOES-16 MPS-HI electron 
telescope includes a step to eliminate background noise 
caused by proton contamination. This is achieved using 
the 80–500 MeV proton flux data, as described in Galica 
et al. (2016). This may explain the differences observed in 
channels 8 and 9.

Fig. 2  The definition of angular variables for boresight directions 
of PD telescopes. The specific boresight directions for each telescope 
are listed in Table 2

Table 2  The boresight directions of each PD telescope

The definition of angular variables is shown in Fig. 2

Electron telescope θ (°) φ (°)

PD1 Telescope A 15 25

PD1 Telescope B 165 205

PD2 Telescope A 51 308

PD2 Telescope B 129 128

PD3 Telescope A 109 72

PD3 Telescope B 71 252
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Figure 5 shows scatter plots of a daily average electron 
particle flux on magnetically quiet days (Kp ≤ 2) with a 
conjunction condition of dL* < 0.1 between the two sat-
ellites, and L* was calculated using the OP77 quiet day 
model in SpacePy 0.0.2 (Burrell et al. 2018; Morley et al. 
2022). Flux averaging was performed exclusively dur-
ing periods that met the conjunction condition; sub-
sequently, the results were further averaged on a daily 
basis. The local times of the two satellites and the num-
ber of data points, satisfying the conjunction condition 
of dL* < 0.1, are provided in Additional file  1 and Addi-
tional file  2. While we employed static magnetic field 

models, the matching time ranges shift gradually, attrib-
uted to the Earth’s revolution, altering the relative ori-
entation of its axis with respect to the Sun. The result 
shows a reasonable correlation for most channels, except 
for Channel 9. The Pearson’s R values of the logarithms, 
obtained from log(Flux[KSEM PD]) = αlog(Flux[MPS-HI]) + β, 
are shown in Table  3, including slope α and intercept β 
of the fitting lines. The R values were ~ 0.85 or greater, 
indicating a strong correlation between the data from the 
two detectors. For channels 7 and 8, the data points are 
slightly curved at the bottom. This is a reflection of the 
different detection limits of the two instruments, which is 

Fig. 3  Geomagnetic indices (Kp and Dst). The period was characterized by low solar activity during the solar minimum between cycles 24 and 25, 
with relatively low geomagnetic activity



Page 6 of 13Oh et al. Earth, Planets and Space           (2024) 76:46 

common when comparing data from two different instru-
ments (e.g., Zhang et al. 2018).

Figure  6 presents flux-energy spectra on days with 
Kp ≤ 2 and dL* < 0.1, in the years 2020 and 2021. Figure 6a 
shows that the energy spectra of the KSEM PD and MPS-
HI fluxes are in good agreement with similar spectral 
shapes, except for Channel 2, 4 and 9. We used the nomi-
nal energies from MPS-HI as described in the “GOES-R 
Series Data Book” (Revision A, May 2019). However, we 
note that the effective energies obtained from bowtie 
analysis might slightly vary (Boudouridis et al. 2020). For 
reference, in Fig.  6a, we added spectra with the bowtie 
center energies of MPS-HI from Boudouridis et al. 2020. 
The cause for the slightly lower observed values in KSEM 
PD’s Channel 2 and 4 remains unclear, but we anticipate 
that future research will offer further clarification on 
this issue. Figure 6b compares the quarterly spectral flux 

distributions of both detectors in 2020 and 2021, with 
each quarter defined as Q1: Jan–Mar, Q2: Apr–Jun, Q3: 
Jul–Sep, and Q4: Nov–Dec. Despite the similar yearly 
distributions shown in Fig.  6a, b indicates that KSEM 
PD had a broader variation in flux density among quar-
ters than MPS-HI. Figure 6c compares the quarterly flux 
distributions of the two detectors for 2020 and 2021. 
The variation in 2021 was narrower than in 2020, and 
the overall flux densities were higher than those in 2020. 
These characteristics, observed in data from both detec-
tors, may be due to the end of the solar cycle minimum 
and the gradual increase in solar activity from early 2021.

Figure  7 shows the monthly R values, slope α, and 
intercept β of the fitting lines, from 2020 to 2021, which 
generally illustrate reasonable correlations, with occa-
sional exceptions observed in the higher energy ranges. 
The α values are relatively consistent over time for most 

Fig. 4  Time series of electron flux data comparison between KSEM PD and MPS-HI, 2020–2021. Good correspondence was observed, with slight 
flux variation during enhancements and geomagnetic storms. An offset observed in Channels 8 and 9, with KSEM PD showing higher flux
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channels. In channels 7, 8, and 9, notable decreases in R 
and α values occurred in May and June 2020, as well as in 
July and October 2021. This decrease is attributed to the 
fact that there were no significant variations in electron 
flux within those energy bands and months, thus they are 
deemed meaningless.

Responses to enhanced energetic particle 
conditions
Figure 8 shows the observations of three enhanced ener-
getic electron environments by KSEM PD and MPS-HI 
in 2021. April 14–28 (Case 1), June 13—26 (Case 2), and 

Fig. 5  Scatter plot of a daily average electron particle flux from KSEM PD and MPS-HI, satisfying dL* < 0.1, on magnetically quiet days with average 
Kp index ≤ 2. The correlation between the data from the two detectors was strong, except for Channel 9. The curves near the bottom of channels 7 
and 8 is a reflection of the different detection limits

Table 3  Yearly R values, slope α, and intercept β of the logarithms obtained from log(Flux[KSEM PD]) = αlog(Flux[MPS-HI]) + β 

Channel no. α β R

2020 2021 2020 2021 2020 2021

2 0.933 0.976 − 0.137 − 0.280 0.867 0.870

3 1.025 1.081 − 0.251 − 0.448 0.878 0.881

4 1.080 1.138 − 0.556 − 0.764 0.874 0.880

5 1.144 1.149 − 0.583 − 0.665 0.903 0.881

6 1.119 1.193 − 0.585 − 0.797 0.924 0.885

7 0.978 1.083 − 0.234 − 0.366 0.935 0.938

8 0.721 0.792 − 0.083 − 0.081 0.925 0.958

9 1.093 1.238 0.856 1.072 0.882 0.899

(See figure on next page.)
Fig. 6  Energy-based spectral flux distributions with dL* < 0.1 on magnetically quiet days with average Kp index ≤ 2. a Spectral flux distributions 
for 2020 and 2021 showed good agreement between KSEM PD and MPS-HI, with similar power law distributions, except for Channel 9. The effective 
energy (Eeff) of GOES-16 MPS-HI electron channels, as determined by Boudouridis et al. (2020), is also included. b Quarterly spectral flux distributions 
show broader quarterly variation in flux density in KSEM PD, compared with MPS-HI. c Comparisons of the quarterly flux distributions of the two 
detectors showed narrower variation and higher overall flux in 2021
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Fig. 6  (See legend on previous page.)
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Fig. 7  Monthly R values, slope α, and intercept β of KSEM PD and MPS-HI data from 2020 to 2021. While there are occasional variations, the R and α 
values are relatively consistent over time for most channels. Notable decreases in R and α values above channel 7 during specific months result 
from the lack of significant flux variation within those energy bands during those time periods
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October 27—November 13 (Case 3) were selected as they 
caused relatively higher particle fluxes.

Case 1: April 14–28
In April 2021, a large corona hole faced Earth, resulting in 
high-speed solar wind streams (HSSs) impacting Earth’s 
magnetosphere starting April 16th. Both KSEM PD and 
MPS-HI measurements showed enhancements. MPS-
HI observed more significant fluctuations during sub-
storms, particularly at the beginning and end of the HSS 
period. Prior to HSS arrival, the electron fluxes in Chan-
nel 9 (2600–3800  keV) and other MeV channels of the 
KSEM PD had daily variations peaking around 18:00 UT 
(02:33 MLT), while other lower energy channels peaked 
near the local noon (12:00  MLT) of the GK2A satel-
lite. After HSS arrival and a weak magnetic storm (Dst 
index of – 54 nT), electron flux variations in Channel 9 
became in-phase with other channels. This shift in elec-
tron flux variation was similar to what Nagatsuma et al. 
(2017) reported in the Space Environmental Data Acqui-
sition Monitor onboard the Himawari-8 satellite during 

a magnetic storm on March 17–20, 2015). In Nagatsuma 
et al. (2017), SEDA Channels 6 (2 MeV) and 7 (4.5 MeV) 
showed different phases of diurnal variability compared 
to the lower channels prior to storm arrival, with Channel 
6 (2 MeV) occasionally showing larger fluxes than chan-
nel 5 (1.5 MeV). Nagatsuma et al. (2017) suggested that 
residuals of the bias current, resulting from the daily fluc-
tuation in sensor temperature, could be the cause of this 
phase variations. Further analysis is needed to determine 
whether this is also applicable to KSEM PD. If applicable, 
it seems plausible that additional post-processing could 
be employed for correction in the future.

Case 2: June 13–June 26
On June 15, 2021, an HSS of 620 km/s was detected by 
DSCOVR at L1. HSSs arrived at Earth at the end of the 
day. KSEM PD and MPS-HI observed similar trends dur-
ing the HSSs, with dropouts observed immediately after 
arrival. Prior to the HSS, Channel 9 of the KSEM PD 
showed different phase daily flux variations, similar to 
the April event. After the HSS, the flux levels of Channels 

Fig. 8  KSEM PD and MPS-HI electron flux measurements and solar wind speed data from DSCOVR. Point L1 was chosen for observation. Three 
enhanced space weather cases were selected: a April 14–28, b June 13–26, and c October 27–November 13
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8–9 from the KSEM PD were reversed, compared with 
the pre-HSS levels.

Case 3: October 27–November 13
On October 28, an X-class flare occurred with an accom-
panying solar energetic particle event (SPE). Energetic 
electrons from SEPs have limited penetration into the 
Earth’s magnetosphere, and Zhang et  al. (2022) also 
reported no significant enhancement for MeV electrons 
at geostationary orbit. However, it is noteworthy that 
Xiao et  al. (2005) also reported detections of increased 
electron flux enhancements of 100  s  keV electrons in 
the magnetosphere during some SEPs. Subsequently, on 
November 9, a long-duration solar flare event occurred.

On October 30–November 1, the lower energy elec-
tron flux measured by KSEM PD (< 1350 keV, Channels 
2–6) showed an increase and fluctuations, with weak 
flux dropouts at 325–1350  keV preceding the increase. 
Higher energy electron flux (> 1350  keV, Channels 7–9) 
was enhanced 1–3  days later. MPS-HI showed simi-
lar delayed increases in higher energy electron flux, 
with more prominent flux dropouts across a broader 
energy range (< 1360 keV). A halo-coronal mass ejection 
directed toward Earth occurred on November 2, and its 
effects were observed on November 3 by two instruments 
with significant fluctuations in flux. Please note that dur-
ing SPEs, there is a high probability of proton contamina-
tion in electron detectors. However, assessing the effect 
of this contamination is challenging with the current 
dataset, especially considering that SPEs are sometimes 
accompanied by increases in electron flux below 10 MeV, 
as mentioned above.

During the enhanced particle events, the measure-
ments from both detectors showed similar trends, with 
MPS-HI demonstrating higher fluctuations and more 
robust responses. The amplitude differences might be 
due to differences in instrument response function and 
calibration method and/or due to natural dynamics of 
energetic electrons. Further analysis of the detailed differ-
ences between the two instruments and in-depth analysis 
of electron dynamics will be necessary for clarification.

Summary and discussion
This study compared the energetic electron differential 
fluxes measured by GK2A KSEM PD and GOES-16 MPS-
HI. The electron flux data from the two detectors showed 
good correspondence and a strong correlation (R-values 
over 0.8). Both flux-energy spectra showed good agree-
ment, with similar spectral shapes, except for the energy 
level < 225  keV (Channel 2) and > 2600  keV (Channel 9). 
We plan to improve the Channel 9 data by incorporating 
a procedure that uses its proton fluxes to estimate fluxes 
in higher energy bands, thereby reducing background 

noise. In particular, the upcoming KSEM-II, designed 
for future satellites, will include a dedicated sensor to 
address proton contamination. As for the slightly lower 
values in KSEM PD’s low-energy channels, we do not 
currently have enough data to definitively determine the 
cause. However, with continued analysis and expanded 
data collection, we aim to increase our understanding 
of both the data and their background dynamics, and to 
continuously improve the data processing system.

The quarterly variations of the flux distribution were 
less significant in 2021 than in 2020, which may be due 
to the end of the solar cycle minimum. The monthly cor-
relation coefficients showed mostly reasonable correla-
tions. Notable decreases in R and α values were observed 
above channel 7 during certain months. However, these 
decreases hold no significance as they result from the 
absence of significant flux variation from both sensors 
within those energy bands at those times. Although 
MPS-HI measurements for three selected cases of flux 
enhancement events showed more robust responses than 
the KSEM PD observations, the key features and overall 
flux variation trends were very similar between the two 
detectors. Further long-term analysis is needed to study 
and understand the asymmetric distribution and dynam-
ics of energetic particles in the GEO. Additional analy-
sis to calibrate and improve data quality for the energy 
level > 2600  keV is indispensable because energetic elec-
trons with energy above 2  MeV is also one of critical 
factors affecting the safety of satellites (Iucci et al. 2005; 
Forsyth et al. 2020; Sun et al. 2021). Combining the mag-
netic field data from each satellite’s magnetometers will 
help to understand the electron flux characteristics found 
in this study. The focus here is primarily on the compari-
son using omnidirectional fluxes; more detailed analysis 
considering pitch angles and magnetic fields is needed in 
subsequent research.

The results of this study show the usefulness of GK2A 
KSEM PD data in monitoring the energetic electron 
environment in the eastern hemisphere, and potential 
for multi-point in  situ-based space weather monitor-
ing when combined with data from MPS-HI onboard 
the GOES-R satellite series in the western hemisphere. 
Characteristic differences between the data from the two 
detectors, separated by half a day in local time, demon-
strate the importance of multi-point measurements in 
determining energetic flux distributions at different loca-
tions. This allows a more detailed understanding of loca-
tion-dependent differences during active space weather 
environments. The space weather effects on spacecraft in 
different orbits could vary significantly (Iucci et al. 2005; 
Lu et  al. 2019), and even at the geostationary orbit, the 
space weather environment is asymmetric and dynami-
cally responsive (Wing and Sibeck 1997; Sanny et  al. 
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2002; Lee and Lyons 2004; Borodkova et al. 2008; Dong 
et  al. 2014). Thus, reliable multi-point in  situ data from 
multiple satellites, such as GOES, Himawari-8 and -9, 
EDRS-C,  and FY satellites, are needed to provide more 
precise energetic particle distributions and support 
advanced now/forecasting models. Improving cross-sat-
ellite analysis of particle distributions in Earth’s magne-
tosphere is critical for obtaining accurate and consistent 
in  situ particle measurements, advancing our under-
standing of space weather phenomena, and the ability to 
forecast enhanced particle events that may impact assets 
in space.
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