
1. Introduction
Following the discovery of Earth's Van Allen belts, numerous spacecraft have been launched to supply 
ongoing scientific investigation of the radiation belts with appropriate data (Li & Hudson,  2019). From 
2012–2019, the Van Allen Probes mission (also known as Radiation Belt Storm Probes, RBSP) provided a 
plethora of data, aiming to answer some of the most persistent questions in the field, and resulted in several 
key discoveries over the lifetime of the project. Examples include the discovery of a temporary three-belt 
structure (Baker et al., 2013), showing that the inner Van Allen belt does not contain electrons with ener-
gy >1 MeV (Fennell et al., 2015), and providing insight into various wave-particle interactions and dynam-
ics (e.g., Agapitov et al., 2016; Breneman et al., (2015); Foster et al., 2017; Xiao et al., 2014, 2015; Yuan & 
Zong, 2019).

A currently active mission is the Exploration of Energization and Radiation in Geospace (ERG/Arase) pro-
ject, launched in 2016 (Miyoshi, Shinohara, et al., 2018), which provides comparable instrumentation to 
RBSP and slightly extended sampling in L (discussed in Section 2). This opens up the possibility of direct 
comparisons between Arase and other long-term missions in Earth's radiation belts and ring current at high-
er L, such as the Geostationary Operational Environmental Satellites (GOES: Davis, 2007), the Los Alam-
os National Laboratory geostationary satellites (LANL-GEO/GEO: Reeves et  al.,  1997), and the recently 
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solar cycle. In this study we compare spin-averaged flux measurements from the MEPe, HEP-L, HEP-H, 
and XEP-SSD instruments on Arase with those from the MagEIS and REPT instruments on the Van 
Allen Probes, calculating Pearson correlation coefficient and the mean ratio of fluxes at L* conjunctions 
between the spacecraft. Arase and Van Allen Probes measurements show a close agreement over a wide 
range of energies, observing a similar general evolution of electron flux, as well as average, peak, and 
minimum values. Measurements from the two missions agree especially well in the 3.6 = L* ≤ 4.4 range 
where Arase samples similar magnetic latitudes to Van Allen Probes. Arase tends to record higher flux for 
energies <670 keV with longer decay times after flux enhancements, particularly for L* < 3.6. Conversely, 
for energies >1.4 MeV, Arase flux measurements are generally lower than those of Van Allen Probes, 
especially for L* > 4.4. The correlation coefficient values show that the >1.4 MeV flux from both missions 
are well correlated, indicating a similar general evolution, although flux magnitudes differ. We perform 
a preliminary intercalibration between the two missions using the mean ratio of the fluxes as an energy- 
and L*- dependent intercalibration factor. The intercalibration factor improves agreement between the 
fluxes in the 0.58–1 MeV range.
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background-corrected Cluster electron measurements, already cross-calibrated with the RBSP (Smirnov 
et al., 2019, 2020).

As highlighted in Friedel et al. (2005), using the Combined Release and Radiation Effects Satellite (CRRES: 
Vampola, 1992) to intercalibrate GEO and GPS data, spacecraft with large L coverage can act as a reference 
to establish an intercalibration even between missions that would not otherwise have a statistically sig-
nificant amount of conjunctions in L. The L coverage of Arase enables the data set to be used in a similar 
manner, for example, between the RBSP and GOES missions that have very few L* conjunctions due to 
RBSP being generally near the equator in an orbit that has its apogee inside the geostationary orbit (Bak-
er et al., 2019). This principle can also be extended to interplanetary missions on a heliospheric scale, as 
demonstrated in Roussos et al. (2020).

Recent data assimilation studies (Cervantes et al., 2020) and assimilative real-time radiation belt forecasting 
(Shprits & Michaelis, 2018) aim to use intercalibrated data sets from multiple sources. A widely used inter-
calibration method is matching phase space densities at phase space coordinate conjunctions (Chen, 2005). 
In order to establish the intercalibration, these studies are either limited to missions that provide pitch angle 
resolved data and phase space density products (Boyd et al., 2018), or rely on assumptions about the pitch 
angle distribution of electron flux to compute phase space densities (Kellerman et al., 2014; Ni et al., 2011). 
Spin-averaged comparisons can be performed even in cases where no pitch angle resolved data are availa-
ble, and intercalibrations based on spin-averaged comparisons have been shown to be in good agreement 
with intercalibrations obtained by matching phase space densities at phase space coordinate conjunctions 
(Friedel et al., 2005). On-orbit statistical comparisons of spin-averaged data are therefore be used to intercal-
ibrate Arase to a wide range of satellite missions, and are a suitable a topic for future studies.

2. Data Sources
In order to identify and understand potential differences between the Arase and RBSP data sets, we perform 
a set of detailed comparisons. As shown on Figure 1a, there is a 27 months overlap between Arase and 
RBSP, which allows us to perform direct comparisons between data from the spacecraft. RBSP sampled 
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Figure 1. (a) Daily averaged sunspot number as a function of time for solar cycles 24–25. The red, green, and blue boxes denote the coverage of RBSPa, RBSPb, 
and Arase respectively. (b) Spin-averaged electron flux measured by Arase HEP-H for the 1.6 MeV channel. (c) Spin-averaged electron flux measured by RBSPa 
MagEIS for the 1.575 MeV channel. Observations on (b–c) are presented as a function of time and L* (for a local 90° pitch angle channel) computed using the 
T89 magnetic field model (Tsyganenko, 1989).
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most of solar cycle 24, and the overlap period with Arase is toward the solar minimum. As it stands, Arase 
is set to continue providing data throughout the next cycle. Figures 1b and 1c demonstrates that the Arase 
and RBSP spin-averaged fluxes are, in general, comparable for the energy shown, and observe flux en-
hancements across a similar L* range. There is no low value background on most of Figure 1b, since the 
time binned Arase HEP-H flux data often contains negative flux values in regions where the instrument is 
measuring close to background level. The negative values in the original files are obtained by applying the 
count spectrum deconvolution matrices to raw counts, and are kept for averaging (such as time binning) to 
improve statistics.

A notable feature of the RBSP data set is the impressive energy coverage: 1 eV to 20 MeV across the Helium, 
Oxygen, Proton, and Electron mass spectrometer (HOPE: Funsten et al., 2013), Magnetic Electron Ion Spec-
trometer (MagEIS: Blake et al., 2013), and Relativistic Electron-Proton Telescope (REPT: Baker et al., 2012) 
instruments. Recent work has aimed to create a combined product from these instruments across all 72 
energy channels (Boyd et al., 2019), and there is ongoing effort to further improve intercalibration between 
the instruments.

Across four electron instruments, Arase provides comparable energy coverage to the RBSP mission with 8 s 
nominal time resolution. The lowest energy instrument is the Low Energy Particle Experiments—electron 
analyzer (LEPe: Kazama et al., 2017), which is an electrostatic analyzer operating in the 20 eV–20 keV en-
ergy range with 32 energy channels.

The Medium Energy Particle Experiment—electron analyzer (MEPe) is another electrostatic analyzer 
measuring electrons with energies 7–87 keV with a field of view of 360° (azimuth) 3.5° (elevation), taking 
data at each of the 32 spin phases of the spacecraft (Kasahara et al., 2018).

For higher energies, Arase includes the two-unit High Energy Particle Experiment (HEP), consisting of 
silicon solid-state detectors operating over energies of 70 keV–1 MeV in 16 channels (Low unit, HEP-L), 
and 0.7–2 MeV in 11 channels (High unit, HEP-H). Both HEP-L and HEP-H have a field of view of 180° in 
a plane that contains the axis of the spinning of the spacecraft (latitudinal), and 10° in the plane perpendic-
ular to the axis (longitudinal). HEP resolves the satellite spin in 16 spin phases, and thus has a resolution of 
22.5° in the longitudinal direction.

For measurements of the highest end of the electron energy spectrum, the mission utilizes the two-unit 
Extreme Energy Particle Experiment (XEP) with a field of view of 20° that takes data in 16 spin phases 
during each satellite spin, consisting of the silicon solid-state detector array XEP-SSD in the 0.4–3.15 MeV 
energy range and the XEP-GSO scintillator (uncalibrated at the time of writing) nominally operating in the 
6–20 MeV energy range (Higashio et al., 2018).

For this preliminary study, we choose to focus on the medium-to high-energy instruments and are therefore 
omitting HOPE and LEPe from the analysis. The energy coverage from the MEPe, HEP, XEP, MagEIS, and 
REPT instruments is shown on Figures 2a and 2b using 1 month of data from both missions, binned to a 
5 min time grid, where we used median flux from each bin. As is also observed in Figures 1b and 1c, Fig-
ure 2 indicates that the instruments show flux enhancements in the same energy ranges for both missions. 
Both Arase and RBSP operate with energy channel definitions that are nearly evenly spaced in logarithm of 
energy. Example energy spectra from the two missions are shown on Figures 2c and 2d. Despite using data 
from four separate instruments, the Arase spectra in general show good agreement between overlapping 
energy channels as of the latest data release (v3_01 for HEP and v01_02 for MEPe), and the agreement is 
expected to improve even further with future releases (Miyoshi, Hori, et al., 2018).

A key difference between the two missions is the satellite orbit. As seen from Figure 3, the Van Allen Probes 
operate in a geostationary transfer orbit with perigee 618 km, apogee 30,414 km, and period 537 min. On 
average, the probes are ∼10° from the magnetic equator (Stratton et al., 2013), which allows the Van Allen 
Probes to accurately sample particles at most equatorial pitch angles (see Figure 3d). The vast majority of 
the data measured correspond to L* < 7 as computed using the T89 magnetic field model (Figure 3b). Arase 
is similarly in an elliptical geostationary transfer orbit with perigee 400 km, apogee 32,000 km, and a peri-
od of 570 min, but it is on average ∼20° inclined from the magnetic equator, as seen in Figure 3 (Miyoshi, 
Shinohara, et al., 2018). Consequently, Arase samples higher latitudes and L-shells than RBSP, up to L* = 9.
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Figure 2. (a–b) Spin-averaged fluxes measured by the Arase MEPe, HEP, XEP-SSD and RBSPa MagEIS and REPT instruments in May 2017 for all energy 
channels as a function of time and base 10 logarithm of energy. (c–d) Combined energy spectrum from the electron instruments of Arase and RBSPa, 
respectively. The energy axes on all panels are plotted using a logarithmic scale.

Figure 3. Example orbits of Arase and Radiation Belt Storm Probe (RBSP) for 2017/10/30 00:00 to 09:59. (a–b) 2D 
projections of satellite orbits colored by L* calculated for a local 90° pitch angle channel using the T89 magnetic field 
model. (c–d) 2D projections of satellite orbits colored by the maximum equatorial pitch angle the satellite can measure 
at each time.
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At higher latitudes, the maximum equatorial pitch angle observed by Arase is much lower than 90° (Fig-
ure 3), and thus the instruments sample a smaller subset of the trapped electron population than a satellite 
positioned at the magnetic equator would. Since the RBSP orbits are less inclined, the satellites stay at lower 
latitudes and cover a broader range of equatorial pitch angles throughout their orbit. We would therefore 
expect the spin-averaged Arase product to be systematically lower than the spin-averaged RBSP flux for L* 
where Arase and RBSP sample different magnetic latitudes, and thus we impose an upper threshold of 10° 
on the difference in maximum equatorial pitch angle sampled by the spacecraft, as explained in Sections 2 
and 4.

3. A Comparison of the Arase and RBSP Flux Data
In this study we compare Level 2 spin-averaged data from the Arase and RBSP missions. Since a background 
corrected data product is currently not available for the HEP and XEP measurements similar to that provid-
ed for MagEIS observations (Claudepierre et al., 2015), we use uncorrected MagEIS data for our compari-
sons. Our reasoning is discussed further in Section 5. We also provide our key figures reproduced with back-
ground corrected MagEIS data as supporting Figures S12–S15, which show no significant differences in the 
effectiveness of the intercalibration. We choose to interpolate RBSP measurements in energy to match the 
Arase energy channel definitions using linear interpolation in logarithm of energy. We restrict our compari-
sons to measurements where the maximum equatorial pitch angles observed by Arase and RBSP are within 
10° of each other, in order to ensure that the satellite instruments sample a similar subset of the full angular 
distribution. The importance of this restriction is further discussed in Section 5, and Figures S10–S11 in the 
supporting information provide a demonstration of how this restriction on maximum equatorial pitch angle 
affects the magnetic latitudes we consider in our comparisons. We perform the same comparisons using 
data from both RBSPa and RBSPb, but since there is no significant difference between the results, we choose 
to only show results with RBSPa data in this paper. For the interested reader, we provide the equivalent of 
Figure 9 using RBSPb data as Figure S9 in the supporting information.

Figure 4 shows spin-averaged electron fluxes from the two missions binned in time to a 5 min grid with 
the median value calculated for each bin. We compare data at various energies at L* conjunctions, defined 
as the two satellites being within L* ± 0.1 of each other in a given 5 min time interval. The L* parameter is 
calculated for a local 90° pitch angle channel for both Arase and RBSP at each time interval with the T89 
magnetic field model (Tsyganenko, 1989). At energies where both MagEIS and REPT provide flux data (i.e., 
≥1.8 MeV), we have chosen to use MagEIS measurements, since at the time of writing, the REPT team sug-
gested not using the REPT data for quantitative studies until the next data release.

From comparing Arase and RBSP data at these L* conjunctions, it can be seen that the measurements of 
the instruments from the two satellites are generally in good agreement for 3.6 = L* ≤ 4.4. At lower energies 
(60–670 keV) and L* < 4, Arase fluxes are consistently higher than RBSP fluxes. For the HEP-L instrument, 
this is largely caused by HEP-L having a higher background threshold than MagEIS, and frequently hitting 
that background threshold for the L* < 4 measurements (demonstrated in Figure S2 in the supporting in-
formation). Other possible causes of this systematic difference are explored further in Section 5. At higher 
energies (>1.4 MeV), RBSP fluxes are typically higher than Arase fluxes, especially for L* > 4.4. This can 
be explained by the fact that due to the orbit characteristics described in Section 1, Arase is likely to be on 
higher magnetic latitudes than RBSP for L* > 4.4, and therefore consistently sample particle distributions 
with a lower maximum equatorial pitch angle (with the difference not exceeding our imposed restriction of 
10°), and consequently measure lower values of spin-averaged flux. Aside from the magnetic latitude vari-
ation, other factors, such as the instrument background thresholds, may also contribute to this difference.

To examine the time evolution of the flux measured by both RBSP and Arase, we compare the flux on L* 
slices. We continue to use flux data binned to a 5 min time grid for this comparison. An energy range of 
35 keV–2.5 MeV is considered. We present the plots for HEP-H in Figure 5, and the other Arase electron 
instruments in Figures S1–S3 in the supporting information. For the interested reader, a comparison with 
REPT data interpolated to the 2.5 MeV XEP-SSD channel is also included in the supporting information as 
Figure S8.

SZABÓ-ROBERTS ET AL.

10.1029/2020JA028929

5 of 12



Journal of Geophysical Research: Space Physics

Figure 5 shows that in general there is a good agreement between the measurements of the Arase and RBSP 
instruments. Although MagEIS has a lower noise floor than the Arase instruments at the same energies 
(demonstrated on Figures 5a, 5d and 5g where MagEIS clearly reads lower than Arase during quiet times), 
in general both missions record very similar enhancements during the time range studied. At L* = 3 (shown 
on Figures 5a, 5d and 5g), while RBSP and Arase instruments still record a similar flux level for the two 
notable enhancements, RBSP data shows a faster decay time after said enhancements in the 800–1400 keV 
energy range. This is discussed further in Section 5.

To obtain a more quantitative comparison, we calculate the Pearson correlation coefficients between Arase 
and RBSP fluxes at the same energy and L* (denoted as a and b in Equation 1, respectively).
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Equation 1: Pearson correlation coefficient ρ(a, b) for 1D n-element data sets a and b, where a  and b  denote 
the mean of a and b, respectively.

To calculate correlation coefficients, we first binned the flux data for each energy channel into L* bins of 
width 0.2, then binned in time into 12 h intervals to create a time series of flux in each L* and energy bin. 
Increasing the time binning to 12 h intervals was necessary to ensure a sufficient number of intervals when 
both the Arase and RBSP data set has measurements in each L* and energy bin. We then calculated the Pear-
son correlation coefficient between Arase and RBSP measurements in the same L* and energy bin for both 
the flux values themselves and logarithm (base 10) of the flux values. We present the correlation coefficient 
for the logarithm of the flux measurements in Figure 6. Since the fluxes can range across five orders of mag-
nitude for a given L* and energy channel, taking the logarithm reduces the influence of extreme values such 
as the background level, and the correlation is in general higher and more consistent across neighboring 
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Figure 4. (a–l) Spin-averaged electron flux from Arase plotted against spin-averaged electron flux from RBSPa at L* conjunctions, in base 10 logarithm. L* 
conjunctions are defined as Arase and RBSPa being within L*±0.1 of each other in a given 5 min interval. RBSPa fluxes are interpolated to Arase energy 
channel definitions in energy. The color indicates L* computed for a local 90° pitch angle channel using the T89 magnetic field model for each measurement. 
For reference, the solid black line denotes one-to-one correspondence, and the black dashed lines denote agreement within a factor of 5.
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L* values than it would be if calculated for the flux values themselves. For the interested reader, supporting 
information Figure S7 provides the Pearson correlation coefficient values for the flux values directly.

The correlation between Arase and RBSP instruments is in general >0.8 once instruments on both satellites 
reliably measure above the noise floor (L* > 3.6). There is a clear decreasing trend with higher L* as the 
difference between the maximum equatorial pitch angles sampled by Arase and RBSP increases up to the 
10° restriction we impose, and Arase samples slightly higher latitudes.

4. Preliminary Intercalibration
The correlation coefficients in Figure 6 are in general above 0.8, indicating that both Arase and RBSP flux 
measurements show similar time evolution. Likewise, the L* slices in Figure 5 suggest that measurements 
evolve similarly for both Arase and RBSP, but slight offsets can be observed. We examine the mean ratio 
of the RBSP and Arase flux measurements for a given energy channel using the full range of flux values, 
binned by L* with a bin width of ±0.1. The ratios are calculated by dividing RBSP flux by the equivalent 
Arase flux. We suggest that, as a simple preliminary approach, these ratios could be applied as intercalibra-
tion factors to the measurements.

In Figure 7, the base 10 logarithm of these mean ratios are shown on a grid of L* and base 10 logarithm of 
energy. Figures 7a–7d shows the ratios for each individual instrument, and Figure 7e presents the ratios 
across all four Arase instruments, with energy channels arranged into ascending order of energy and the 
ratio value interleaved. In general the ratios are sufficiently close to 1 (<5 and >0.5) to indicate that there 
is good agreement in the magnitude of the fluxes. For the HEP-L instrument shown on 7b, the ratio is in 
general < −2 for measurements at L* < 4. This is caused by the MagEIS data frequently hitting a back-
ground threshold that is significantly lower than the background threshold of the HEP-L instrument for 
those energy and L* ranges, as shown on supporting information Figure  S2. On Figure  7e, for some of 
the energy channels such as 1 MeV, the ratios show a discontinuity from the general trends, presenting as 
horizontal lines across the figure. This is due to the different instruments having different trends as seen in 
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Figure 5. (a–i) Spin-averaged electron flux for a given energy and L* as a function of time plotted in black for Arase HEP-H and green for RBSPa MagEIS. The 
panels are ordered by the three energy and L* values plotted.
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Figures 7a–7d, which will cause discontinuities when we plot all energy channels in ascending order since 
the instruments have a considerable overlap in their energy range. At higher energies (>1.4 MeV) and L* 
(>4.4), fluxes measured by RBSP instruments are visibly higher, consistent with Arase being on higher lati-
tudes and observing a different subset of pitch angles, as also demonstrated on Figure 4.

We use flux versus flux scatterplots to show agreement between Arase and RBSP instruments before and 
after scaling by the mean ratio factors for a given energy channel and L*. We choose to adjust ARASE 
measurements by multiplying with the intercalibration factors in this study. However, this is solely to have 
a way of assessing the performance of the intercalibration factors, as we do not have the grounds to estab-
lish measurements from either satellite as more reliable than the other. Results for HEP-H are presented 
for reference as Figure 8, the rest of the Arase electron instruments are shown in supporting information 
(Figures S4–S6). At higher energies (>1.4 MeV), the not intercalibrated flux from Arase is lower than RBSP 
at L* > 4. The difference between the measurements is reduced after the intercalibration factors are applied. 
Arase measures higher flux than RBSP for energies <800 keV. As a result, at these energies Arase measure-
ments remain closer to RBSP measurements even when Arase is at higher latitudes than RBSP. The inter-
calibration factor has little to no effect on the agreement between MEPe and MagEIS.

As a more quantitative measure for the effectiveness of the intercalibration, the percentage of individual 
flux measurements from Arase that are within a factor of 5 of corresponding flux measurements from RBSP 
both before and after the intercalibration factors are applied is shown on Figure 9. The intercalibration 
factor is particularly effective in the 3.5 < L* < 4.5 range for the HEP-H instrument. This metric once again 
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Figure 6. (a–d) Pearson correlation coefficient for the base 10 logarithm of spin-averaged electron flux data plotted as a function of L* in different colors for 
different energy channels for a given Arase instrument and RBSPa instruments interpolated to the same energy. For reference, a horizontal dashed line marks a 
correlation of 0.8.



Journal of Geophysical Research: Space Physics

shows that an energy- and L*-dependent intercalibration factor does not capture the cause of differences 
between MEPe and MagEIS measurements. Use of the intercalibration factor improves the agreement be-
tween Arase and RBSP, or at least keeps the percentage of Arase data points within a factor of 5 of RBSP 
similar for the entire overlap period between the missions.

5. Discussion
Comparisons using spin-averaged data from the Arase and RBSP missions offer insight into the similarities 
and differences between the two data sets. As discussed in Friedel et al. (2005), spin-averaged comparisons 
using L* computed for a local 90° pitch angle channel (generally the peak of the pitch angle distribution) 
also include an error in L* due to drift shell splitting (Roederer, 1967). These errors cannot in principle 
be quantified without knowledge of the pitch angle distributions at each measurement time, but we can 
decrease the variation due to Arase sampling higher latitudes by restricting comparisons to measurements 
where the maximum equatorial pitch angles are similar between the two spacecraft (Friedel et al., 2005, also 
employed in this study).

Since the calculation of L* also depends on the choice of a magnetic field model, field model inaccuracies 
make L* computation more challenging and introduce a further source of error when comparing the Arase 
and RBSP data at L* conjunctions. In this study we chose the T89 model as an example of a less computa-
tionally intensive model that nevertheless shows good accuracy up to Kp < 5 (Tsyganenko, 1989), as Kp < 5 
held for 98.6% of the studied interval.

At the time of writing, there are no background corrected data products available for the higher energy 
Arase instruments (HEP, XEP), therefore we use uncorrected MagEIS data for the comparisons, and in 
doing so implicitly assume that instruments from the two missions are contaminated similarly and have a 
similar background threshold. Figures 7a–7c demonstrate that at lower energies (<800 keV) and lower L*, 
Arase fluxes are in general higher than RBSP fluxes. Figures 5a, 5d and 5g also show faster decay times for 
RBSP fluxes after the enhancements at L* = 3 (most noticeably at Figure 5a, 781 keV), and that the noise 
threshold across the two missions is different. Since the <800  keV energy range is where Claudepierre 
et al. (2015) showed background effects to be particularly relevant for MagEIS measurements, this indicates 
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Figure 7. (a–d) Base 10 logarithm of the mean ratio between spin-averaged electron fluxes from an Arase instrument and RBSPa instruments interpolated to 
the same energy channel definitions, plotted as a function of L* and base 10 logarithm of energy. (e) All ratios shown on the previous four panels, with energy 
channels from all four instruments arranged into ascending order in energy and the ratio values interleaved. The energy axes on all panels are plotted using a 
logarithmic scale.
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that the background corrections required by the two missions may be dif-
ferent. Spin-averaged HEP data are produced by averaging 3-D flux data 
over all directions, and therefore include data from azimuthal channels 
which have yet to establish appropriate background correction due to a 
lack of necessary data samples.

As shown in Figures 4a–4c, 7, S1, and S7, at energies <300 keV the Arase 
and RBSP fluxes are similar in magnitude but show more scatter in flux. 
Figures 9a–9c and S4 further demonstrate that the intercalibration factors 
derived from mean ratios of fluxes at L* conjunctions do not make a notice-
able difference in the agreement between Arase and RBSP fluxes at these 
energies. This is very likely due to the fact that at these energies, electric 
field effects can significantly influence the electron population and the flux 
shows a strong dependence on magnetic local time (MLT) during geomag-
netically active time periods (Allison et al., 2017). Since our current study 
does not bin the data in MLT, the derived intercalibration factors are not 
MLT-dependent. A more detailed investigation establishing intercalibra-
tion factors as a function of energy, L*, MLT, and potentially geomagnetic 
activity, is therefore expected to improve the performance of the intercali-
bration in this energy range, and is left as a subject for a future study.

6. Conclusions
We compared fluxes from Arase and RBSP at similar energies binned by L* 
and calculated the Pearson correlation coefficient for the energies and L* 
studied. As a preliminary intercalibration, we used the mean ratio between 
Arase and RBSP fluxes at the same L* and energy to improve agreement 
between Arase and RBSP fluxes, and assessed the performance of this in-
tercalibration. We note that some of the differences between the Arase and 
RBSP fluxes are not a result of instrument effects, but rather due to the 
spacecraft sampling populations separated in MLT or pitch angle.

MEPe, HEP-H, HEP-L, XEP-SSD, and MAGEIS in general show a good 
correlation at energies above 300 keV and L* > 3. The correlation is high-
est when Arase is close to the magnetic equator, and the instruments from 
the two missions therefore sample a similar range of equatorial pitch an-
gles. Additionally, fluxes at the same energy from the two missions are 
typically comparable in magnitude.

Intercalibration via energy- and L*-dependent factors improves the agreement between Arase and RBSP 
instruments, particularly at energies >1.4 MeV. Taking MLT, magnetic latitude, and/or geomagnetic activity 
into account is expected to improve the performance of such intercalibration factors even further and is a 
viable approach for further studies.

The intercalibrated Arase data set can be used in data assimilation studies or radiation belt forecasting to 
improve prediction quality, provide initial and boundary conditions, or act as a reference for validating 
model output. Intercalibrated Arase measurements can also serve as a basis for comparisons of simulation 
results with other missions, and further enable study of phenomena that require multiple satellites to ob-
serve, such as particle transport in the radiation belts.

Data Availability Statement
RBSP spin-averaged data files were produced using data release v04 for MagEIS and release v03 for REPT 
from https://rbsp-ect.newmexicoconsortium.org/data_pub/. Science data of the ERG (Arase) satellite were 
obtained from the ERG Science Center operated by ISAS/JAXA and ISEE/Nagoya University (https://ergsc.
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Figure 8. (a–f) Spin-averaged electron flux (latitude restricted as 
described in Section 2) from Arase HEP-H plotted against spin-averaged 
electron flux from an RBSPa instrument at three energies, with colors blue, 
green, and red denoting data at L* = 3, 4, and 5, respectively. For reference, 
the continuous black line marks one-to-one correspondence, and the 
dashed black lines show agreement within a factor of 5. Panels (a–c) were 
produced with data from HEP-H without the intercalibration factors, while 
panels (d–f) were produced using HEP-H data with the intercalibration 
factors applied.

https://rbsp-ect.newmexicoconsortium.org/data_pub/
https://ergsc.isee.nagoya-u.ac.jp/index.shtml.en
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isee.nagoya-u.ac.jp/index.shtml.en, Miyoshi, Hori, et al. (2018), in particular https://ergsc.isee.nagoya-u.ac.
jp/data/ergsc/satellite/erg/). The present study analyzed HEP-L2 v03_01 data (DOI: 10.34515/DATA.ERG-
01001), MEP-e-L2 v01_02 data (DOI: 10.34515/DATA.ERG-02001), XEP-l2 v01_00 data (DOI: 10.34515/
DATA.ERG-00001), and Orbit L2 v03 data (DOI: 10.34515/DATA.ERG-12000). L* is computed using the 
IRBEM library (https://sourceforge.net/projects/irbem/) for the T89 magnetic field model, for a local 90° 
pitch angle channel.
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Figure 9. Effect of the intercalibration on the agreement between Arase and RBSPa spin-averaged electron flux values. (a–l) percentage of Arase spin-averaged 
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