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We are very grateful to the anonymous reviewer, it seems that she/he has a deep
understanding of the subject of this manuscript.

We think that the two most significant corrections that could invalidate the results pre-
sented in our manuscript are the necessity of validate the quality of the data being
processed and the possibility that the superposition analyses may be influenced by
particular events considering the time span of the data.

With respect to the first point, we have already made contact with one PI of RBSP
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mission and we are working in a new version of the manuscript. As far as the influence
of particular events, we believe that it is not significant since our result are similar to the
ones obtained by previous authors utilizing data from a different mission as is clearly
stated in the manusctipt (e.g. analysis of Figure 3 and lines 19-29 of the Summary and
conclusions). Moreover, we include a Figure in this response in which we exclude from
the superposition two months of significant electron flux activity and the semiannual
modulation can still be observed.

Below there is an answer to each comment of the reviewer. We hope we could submit
an improved version of the manuscript to ANGEO.

This manuscript describes a study of the semiannual variation in radiation belt and ring
current data from the Van Allen Probes and SAMPEX missions. This is an interesting
topic of study, and this manuscript may be suitable for publication after the authors
address the comments below. The results could offer some interesting insight into the
semiannual behavior of Earth’s radiation belts and ring current. In particular, the re-
sults on the lack of a semiannual variation in the 10s of keV ring current ions and on the
statistically stronger radiation belt response at the equinoxes are both good points of
interest to the inner magnetosphere community. However, there are many major issues
with the study that need to be resolved by the authors, and I cannot recommend this
version of the manuscript/study for publication in Annales Geophysicae. The severity
of these issues should justify my rejection of this manuscript. I suggest that the au-
thors address these issues with a revised and expanded study and resubmit a revised
manuscript that details new results. These major issues are listed here:

1) It is troubling that the authors did not include any of the Van Allen Probes instrument
PIs as coauthors on this study. Were the HOPE, MagEIS, and REPT PIs contacted for
input on the results? The “Rules of the Road” for publication of Van Allen Probes data
(see: https://www.rbsp-ect.lanl.gov/science/DataQualityCaveats.php) suggest that in-
strument PIs should be contacted for input and to validate the data being used for any
study. The authors are not members of the Van Allen Probes science team, nor do they
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regularly participate in meetings attended by Van Allen Probes team members. Thus, I
doubt they are experts in the data sets used or are aware of the various caveats in the
data. If the authors had reached out to any of the Van Allen Probes science team, many
of these issues listed in this review might have been avoided prior to this manuscript
being submitted for review.

ANSWER: We did not contact Van Allen Probes instrument PIs to process the data
that appear in the manuscript. We avoided as much as we could the issues listed in
the documents provided by the website mentioned by the reviewer. However, in these
days we contacted one of the instruments PIs and we are working in a probable new
version of the study.

2) The RBSPICE instrument should be used in place of MagEIS for ions. Note the
“major update A” on the rules of the road website listed above. There are considerable
issues with MagEIS proton data. Thus, the validity of the results on the ring current
ions here in the MagEIS range are questionable.

ANSWER: The suggestion will be followed. The complete processing scheme will be
repeated utilizing RBSPICE ion data and it will be compared with the results utilizing
MagEIS, presented in the manuscript.

3) The results of this study do not span the electron energy range from “MeV to tens
of MeV energy” as stated multiple times throughout this manuscript. The authors have
apparently not considered the background levels of the instrumentation that they have
used for the study, and the REPT has not measured ANY counts of >10 MeV above
instrument background during the entire course of the mission. How the authors extrap-
olate from 7.7 MeV data to “10s of MeV” is not at all clear and actually quite dubious.
Note that the only data of >10 MeV electrons shown in the entire manuscript are in
Figure 5b, and that only shows up to âĹij12 or 15 MeV. Thus, the results presented
show nothing of “10s of MeV electrons”. Furthermore, those three highest energy data
points in that figure are likely entirely dominated by instrument background counts.
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No conclusions can be drawn from those data, and it is misleading and inaccurate to
show them at all. The effects of the instrument background in the statistics should be
accounted for in all of the data used for this study.

ANSWER: The comment is correct. The electron fluxes with the highest energy that
were processed is 12.3 MeV. It is not accurate to write "tens of MeV". We will limit the
analysis to lower energy channels in the future.

4) Related to the last point, there have been very, very few instances of enhancements
of the 6.3 and 7.7 MeV electron channels above background in REPT during the entire
mission. If the authors included those channels in Figure 1, that would be immediately
evident. Thus, they cannot conduct any reasonable statistical study with those data,
since they are definitely dominated by only a few individual events. For this reason, I
suggest the authors limit their study to <= 5.2 MeV considering this point.

ANSWER: This suggestion will be followed in the future. However, processing these
energy channels does not affect the main results presented in the manuscript and they
serve as a complement in the analysis.

5) The authors stress in the abstract and study description that they limited their study
to 2.5 < L < 6.5. This is good since one of the major findings of the Van Allen Probes
mission [e.g., Fennell et al., 2015, with MagEIS; X. Li et al., 2015, with REPT] is that
the inner radiation belt is observationally devoid of any electrons with energy > 1.5
MeV. The REPT observations in that region are background contamination counts from
penetrating protons (10s to 100s of MeV) in the inner belt. Those data there (at L <
2.5, e.g., Fig 1 and Fig 2) should not be shown; they are misleading and promote
the outdated view that there are observable levels of multi-MeV electrons in the inner
radiation belt. There are not. I strongly suggest the authors do not plot or study any
data other than background corrected MagEIS electron data in the inner radiation belt.
All L-shell plots with REPT data should be at L >= 2.5. The sentence on line 25-26 on
page 4 (“Note that below L âĹij 2 there is an inner, more stable electron belt. . .”) needs
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to be removed; it is not at all true. Those are protons, and the authors can see the Li
et al. reference to support this.

ANSWER: Thank you for this comment. We were not aware of the Li et al. results
mentioned.

6) The authors have not conducted an appropriate literature review of the most relevant
results from the Van Allen Probes mission. They seem to have only read papers by
Baker et al., based on their references. For example, the statement on line 26-27 of
the Introduction (“Afterwards these electrons are diffused. . .”) is outdated.

Van Allen Probes results have shown that local acceleration is the dominant source
of MeV electrons in the outer radiation belts and provides the connection from 10s to
100s of keV electrons injected by substorm activity and the multi-MeV electrons in the
outer belt. For examples supporting this see: Reeves et al. [Science 2013], Thorne
et al.[Nature 2013], W. Li et al. [JGR 2014], Boyd et al. [GRL 2018] and many, many
other papers from the Van Allen Probes mission.

Also, in the summary and conclusions section, around line 11: what about the source
of these electrons from substorm injections? See Meredith et al. [JGR 2003], Jaynes et
al. [JGR 2015], and many references since that stress the importance of substorm ac-
tivity for the source of these electrons. Their source is not just “in response to a strong
solar wind forcing event” and the MeV electrons do not result from “the Boller-Stolov
effect”. The “Boller-Stolov effect” is considered relevant to radiation belt electrons, but
it is most assuredly not considered the dominant acceleration mechanism for outer belt
electrons. The authors are clearly not up to date with the latest radiation belt research.
I suggest they conduct a more thorough literature review, particularly focusing on the
latest results from the Van Allen Probes mission (including more than just Baker et al.
papers) before they try to interpret the results of their study concerning radiation belt
electrons.

ANSWER: We are aware of some of the many discoveries and problems that Van Allen
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Probes have helped to solve and we will incorporate a more extensive description
of them regarding electron fluxes in another version of the manuscript. The Boller-
Stolov effect is explained with more detail because is the only proven effect to have a
Semiannual Variation. If the reviewer is aware of some other mechanism capable of
accelerate electrons with a semiannual behavior we kindly suggest him/hem to mention
it.

7) There is a general lack of necessary detail in many of the figures to support the
results of this study. For example: Why are no MagEIS data shown in Figure 1? Why
are only 3.4 MeV data shown in Figure 3? Especially for the superposed epoch data
(Fig 3) it is important to show examples from a wide range of relevant energies. Why
aren’t more energies shown for Figure 5a?

ANSWER: For figures, in general we valued more the clarity of the argument that was
intended to transmit than the fact that all the information be present. The superposition
methodology used is technically easy to implement in case the reviewer wants to check
additional curves. However, we will try to show more information in the figures or show
them in the Appendix.

8) The results presented here for outer belt electrons are potentially heavily influenced
by individual events due to the limited number of years used for this study. With only
5 years of data, there is technically only 5 “points” of averaged data in L and DOY
space to include. For example, the March 2015 and September 2017 storms and
low-L-shell enhancements of multi-MeV electrons are the only two events in which
3.4 MeV electrons were enhanced at L âĹij 3, especially considering the logarithmic
nature of the flux enhancements (e.g, Figure 1 c), and these events likely strongly
affect the superposed results shown in Figure 3a! Those strong, geoeffective storms
happened to fall around the equinoxes, likely because of the semiannual variation being
studied here, but they are still just two individual events and nothing statistical can be
claimed from two events that dominate the other four years. Those two events also
dominate what is stated on lines 6-7 on page 6: “Note that in the equinoxes, the fluxes
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enhancements penetrate deeper into lower L-shells.” . . . that is only because in those
two events, which happened near the equinoxes there were very high levels of 1.8 MeV
electrons. This entirely calls into question the validity of the results presented here.

ANSWER: From August 2012 (when RBSP was launched) until the first half of 2018
are almost 6 years, approximately a half of an 11-year solar cycle. The reviewer is
right, there are still few points to make more robust statistical analyses. That is why
we incorporated SAMPEX which has more than one 11-year solar cycle of data. The
similarities that the SAV presents comparing SAMPEX data with RBSP data observed
clearly in Figure 3 let us think that is not just coincidence. However, the reviewer did
not mention any of this.

About the two enhancements on March 2015 and September 2017, we reproduced
Figure 3 excluding the data of these two months and obtained the semiannual modu-
lation (see Figure attached to this response) with essentially the same characteristics
so results of the manuscript are not modified.

9) The sentence on Lines 16-18 of section 3 (page 4) are unnecessary. Anyone familiar
with studying radiation belt electrons knows that there are exponentially fewer electrons
at higher energies than there are at lower energies. They typically follow power law or
exponentially decaying distributions in energy. That’s essentially all that this sentence
is saying. . . there is nothing profound about the data showing this.

ANSWER: The comment is correct. We will remove the sentence.

10) Nothing is mentioned of the peak in the electron fluxes at DOY âĹij85 or so in
Figure 4. Why is that peak not relevant? It looks like it should be. Why are the three
max activity lines from Figure 3 not also shown on Figure 4? They should be. Why
aren’t the peaks in the >100 keV ions around the equinoxes in Figure 6a considered
relevant? How did the authors quantify what is a relevant variation and what is not?
For example, what quantifies what is “enough” as stated on line 13 of page 12?
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ANSWER: The three max activity lines will be incorporated in a future if similar figures
are presented. The peaks around DOY ∼85 is mentioned in reference to Figure 3 (line
1 page 9). These peaks for the >100 keV curves in Figure 6a are dominant but when
the mean differences between the equinoxes and solstices intervals (EQ1,2 an SL1,2
defined in the manuscript) are computed they result in low values, below 5% for all the
ion energy channels, showed in Figure 6b. This means that there are not significant
differences between the values in the equinoxes and the values in the solstices which
is one of the main characteristic of the SAV. That is why these peaks are not considered
relevant. On the other hand, the mean differences between the equinoxes and solstices
intervals are above 20% for some MeV electron energy channels (Figure 5b).

Other Minor and Typographical points: 1) The proper mission name is Van Allen
Probes; note that this is the full title of the mission and “Probes” should be capitalized.
This should be corrected throughout the manuscript. 2) The Van Allen Probes team
and NASA Headquarters do not support or encourage the use of the acronym “VAP”.
Instead, the older acronym for the mission, RBSP (for Radiation Belt Storm Probes)
is supposed to be used. VAP has negative connotations in the English language. I
strongly encourage the authors to change all instances of “VAP” in this manuscript
to “RBSP”. See the acronyms on the mission website: http://rbspgway.jhuapl.edu/ for
support on this. 3) Is the “solar cycle” mentioned on line 9 on page 6 the 11-year solar
cycle? This needs to be clarified. . . 4) On line 1 of page 6, “associated” should be
“correlated” 5) What energy range is shown for SAMPEX in Figure 3? 6) What DOY
are used for the start and end times (in 2012 and 2018, respectively) of the study? 7)
Line 12 of page 9: “Fig. 3” should be “Fig. 4” here 8) The first and second paragraphs
of section 5 (pages 11 and 12) are introduction material and belong better there.

Interactive comment on Ann. Geophys. Discuss., https://doi.org/10.5194/angeo-2018-98,
2018.
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Fig. 1. Fig. 3 of the manuscript.
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Fig. 2. Fig. 3 of the manuscript without fluxes of March 2015 and September 2017.
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