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This study explores the impact of the exosphere hydrogen (H) density on
the ionosphere-plasmasphere system using a model whose key inputs are
constrained by ionosphere observations at both ends of the magnetic field line
with an L-value of 1.75 in the American longitudinal sector during a period
with low solar and magnetic activities. This study is the first to be validated by
ground-based and satellite data in the plasmasphere and both hemispheres.
The main finding is that the entire ionosphere-plasmasphere system is very
sensitive to the neutral hydrogen density in the lower exosphere. It was found
that an increase in the H density by a factor of 2.75 from the commonly
accepted values was necessary to bring the simulated plasma density into
satisfactory agreement with Arase satellite measurements in the plasmasphere
and also with DMSP satellite measurements in the topside ionospheres of the
northern and southern hemispheres. A factor of 2.75 increase in the H density
increases the simulated plasma density in the afternoon plasmasphere up to
∼80% and in the nighttime topside ionosphere up to ∼100%. These results
indicate prominently that using the commonly accepted empirical model of the
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H density causes unacceptable errors in the simulated plasma density of the
near-Earth plasma shells. We alert the space science community of this problem.

KEYWORDS

plasmasphere, ionosphere, exosphere, hydrogen, interhemispheric coupling,
multiinstrumental observations, observation-based simulation, NRLMSISE-00 hydrogen
density

1 Introduction

The plasmasphere is comprised of shells of cold plasma that
are confined by the Earth’s magnetic field. The plasmasphere plays
an important role in clearing the near-Earth space of dangerous
high-energy particles of the Van Allen radiation belts through
the generation of hiss waves in the plasmasphere (e.g., Kanekal
and Miyoshi, 2021). Recent studies show that the hiss power
directly depends on the cold plasma density (Malaspina et al.,
2018). Also, the transport of plasma plumes consisting of low-
energy plasmasphere particles to the magnetopause acts to reduce
magnetic reconnection, thereby helping to decrease the storm
intensity (Borovsky et al., 2013). Thus, appropriate simulation of
the plasmasphere density is critical for success in creating global
physical models capable of simulating complex coupled effects of
solar-terrestrial interaction and space weather phenomena.

The plasmasphere must be investigated with its coupling to the
ionospheres of both hemispheres, which are the sources (during
the daytime) and sinks (during the nighttime) of the plasmasphere
content. It is well-known that this content is mostly H+, originating
in the H+O+ resonant charge exchange reaction at altitudes where
the ionospheric O+ density becomes low enough to allow H+ to flow
into the plasmasphere (Richards and Torr, 1985). This is the topside
ionosphere region between about 500 and 1000 km altitude, which
overlaps with the lower part of the hydrogen exosphere. Thus, the
plasmasphere H+ density is inextricably linked to the H density in
the lower exosphere.

Our motivation to explore the impact of the H density
in the lower exosphere on the plasmasphere is all the more
understandable given that the H density values are still a
subject of intensive discussion. Several studies with a variety
of techniques have found significantly different values of H
density for similar conditions. Using the H density provided by
the widely used NRLMSISE-00 model (Picone et al., 2002) as a
reference, the H density multiplication factors estimates range
from 1/3 (Waldrop and Paxton, 2013) to two (Nossal et al., 2012;
Kotov et al., 2018; 2019; Wan et al., 2022), and even up to a three
(Kotov et al., 2015; Kotov et al., 2016). The new NRLMSIS 2.0 atm
model (Emmert et al., 2021) has H densities identical to those of
NRLMSISE-00, so this study uses the NRLMSISE-00 model.

Previously, this H density uncertainty motivated a study with
‘Sami3 is A Model of the Ionosphere’ (SAMI3) physical plasma
model to explore how different values of the H density influence
processes in near-Earth space during and after extreme space
weather events (Krall et al., 2018). Their model parameter studies
of plasmasphere refilling rates at L = 4.0 and L = 5.2 essentially
re-verified the dependence of the refilling rate on the topside
H density that was determined by Richards and Torr (1985)
both analytically and computationally. The parameter study of

Krall et al. (2018) differs from the current study in that they did not
validate their results with observations in either the plasmasphere
or the ionosphere. When modeling the ionosphere-plasmasphere
system with parameter studies, it is important to ensure that the
results are consistent with observations, as uncertainties in the
state of the ionosphere can affect the validity of the plasmasphere
simulations and complicate conclusions on the net impact of the H
density on the ionosphere-plasmasphere system.

The Field Line Interhemispheric Plasma (FLIP) physical model
ensures the validity of the calculated plasma parameters by using
certain key ionospheric observations as constraints. FLIP model
comparisons with the plasmaspheric density data from the Arase
satellite by Kotov et al. (2018) revealed that reproducing the Arase
plasmasphere density in December 2017 required doubling the
NRLMSISE-00 H density. However, that study only had ionosphere
data in the Northern hemisphere available to constrain and validate
the model.

This current study advances our knowledge by simulating
the impact of the lower exosphere H density on the entire
ionosphere-plasmasphere system from the Northern hemisphere
through the plasmasphere to the conjugate ionosphere in the
Southern hemisphere. These simulations accurately estimate the
lower exosphere H density by finding the best fit to the Arase
observations in the plasmasphere and the DMSP satellites’ topside
observations in both hemispheres.

2 Methods and tools

2.1 The method and justification of the
place and time for the study

The method involves finding the best fit for the ionosphere and
plasmasphere data by systematically varying the NRLMSISE-00 H
density in the FLIP model while it is constrained by key ionosphere
data. The multiplier to the NRLMSISE-00 H density that gives the
best model fit to the coincident observations in the plasmasphere
and topside ionospheres of the Northern and Southern hemispheres
produces an estimate of the actual neutral hydrogen density in the
lower exosphere. The sensitivity of the ionosphere-plasmasphere
system to the lower exosphere H density is explored by comparison
of the best-fit results with the results obtained using the standard
NRLMSISE-00 H density.

This study is for a flux tube with an L-value of ∼1.75 in the
American longitudinal sector from 27 April to 1 May 2017. The
solar activity was low with both the daily and averaged F10.7 index
being 77–78 during all considered dates. This flux tube, region, and
time for the study were chosen to satisfy the following criteria, 1)
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FIGURE 1
Projection of the plasma tube with L-value 1.75 for which the
simulations were conducted (orange dashed line) and spatial and time
location of satellites plasma data which are sensitive to neutral
hydrogen density in the lower exosphere. Data were collected at L =
1.75 during 27 April—1 May 2017. Red circles and blue diamonds show
DMSP F15 and F16 satellite data respectively. Pink squares denote
Arase satellite data. Digisondes which data were used to constrain the
FLIP model in the simulations are located at Melrose and Port Stanley.
In Pine Bluff and Kitt Peak, the WHAM Balmer-α observatories were
operated within the 23rd solar cycle.

the flux tube should be located in the inner plasmasphere where
it is not significantly affected by transverse plasma transport under
quiet magnetic conditions, 2) quiet magnetic conditions so that the
flux tube has not recently been depleted, 3) the tube should be
large enough to adequately represent refilling of the ionosphere-
plasmasphere system, 4) the availability of high-quality F2-layer
peak height data from the nearby digisondes in both hemispheres,
5) the availability of coincident satellite data for altitudes and local
times when the satellite plasma density data is expected to be
sensitive to the H density in the lower exosphere.

In addition to satisfying the above criteria, the selected
longitudinal sector is located to the west of South America and thus
avoids possible contamination of the results from the South Atlantic
magnetic anomaly.

There is an earlier extensive historical database obtained by
independent optical techniques in the same region. The ground-
based optical Pine Bluff Observatory (43.08°N, 89.67°W) and Kitt
Peak Observatory (31.96°N, 111.60°W) were located close to the
latitude and longitude corresponding to the starting point of our flux
tube (see Figure 1).

2.2 FLIP model

The FLIP model is a one-dimensional physical model of
the entire coupled ionosphere-plasmasphere system. The model

calculates the electron and ion densities and temperatures along
magnetic field lines from ∼100 km altitude in the Northern
hemisphere through the plasmasphere to ∼100 km in the Southern
hemisphere (Richards et al., 2010). The FLIP model magnetic field
was recently updated to use the latest IGRF-13 model. The model
uses 3-h Kp indices and F10.7 indices for the periods of simulations
to specify neutral composition with the NRLMSISE-00 model.
A description of the analysis techniques to be employed here is
provided by Kotov et al. (2015). The FLIP capabilities employed
for this study were 1) adjust the equivalent neutral wind velocity
automatically (Richards, 1991) to reproduce the observed variation
of the F2-layer peak height (hmF2) from the digisondes, 2)
modify the plasmasphere heating to match the satellite temperature
observations in the topside ionosphere, and 3) adjust the H density
by multiplying the NRLMSISE-00 values to match all the plasma
density measurements. Note that there are a number of possible heat
sources in the plasmasphere that can affect the model temperatures
and that are difficult to quantify. These sources include the ring
current, plasma waves, and trapping of photoelectrons as they
transit the plasmasphere. Since all the heat is ultimately lost to
the ionosphere in both conjugate hemispheres as heat flux, the
topside electron temperature constitutes an accurate proxy for the
plasmasphere heating.

2.3 Digisondes

The diurnal variations of hmF2 for constraining the model are
deduced from digisonde ionograms. In the Northern hemisphere,
the data were obtained atMelrose (29.71°N, 278.00°E), which served
as the coordinates for the starting point of the magnetic field line for
the simulations. In the Southern hemisphere, the data were obtained
at Port Stanley (51.60°S, 302.1°E), which is the closest digisonde to
the conjugate point ofMelrose (52.80°S, 273.37°E), see Figure 1.The
ionogram traces were checkedmanually to provide the best accuracy
of the hmF2 estimation before the inversion (Huang and Reinisch,
1996).

2.4 Arase satellite

The data from the Arase satellite Plasma Wave Experiment
(PWE)/Onboard Frequency Analyzer (OFA) and High-Frequency
Analyzer (HFA) instruments onboard allows the determination
of the ambient plasma density along the satellite orbit from
the frequency of the upper hybrid resonance emissions observed
by OFA and HFA and the local cyclotron frequency measured
by the magnetometer (Miyoshi et al., 2018a; Kasahara et al., 2018;
Kumamoto et al., 2018; Matsuoka et al., 2018). The Arase electron
density data were collected every other day in the local afternoon
near 3,200-km altitude in the American sector close to the
longitude of the simulated plasma tube (see Figure 1). At 3,200 km
altitude, the electron density is almost equal to the H+ density
since this altitude is significantly above the upper transition
height for moderate solar activity conditions at mid- and low
latitudes (e.g., Truhlik et al., 2004). This means that the Arase
electron density is sensitive to the H density in the dayside lower
exosphere.
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2.5 DMSP satellites

Data from all four operating satellites of the Defense
Meteorological Satellite Program (F15—F18)were used in this study.
The satellites have near-circular orbits that cross the model L-shell
at altitudes of ∼847 km in the Northern hemisphere and of ∼864 km
in the Southern hemisphere.

Electron temperature data in the topside ionosphere from the
electron probe of the DMSP satellites (Rich, 1994) were used to
adjust the FLIPmodel plasmasphere heating rate tomatch theDMSP
observed electron temperature. The DMSP topside ionosphere ion

temperature data from retarding potential analyzer were used for
validation of the simulated ion temperature.

The DMSP total ion density data in the topside ionosphere
from the scintillation meter (Rich, 1994) were used to validate the
FLIP model diurnal variations of the topside electron density. The
ion density data that are collected by the F15 and F16 satellites
every night between local midnight and sunrise (see Figure 1)
are valuable because H+ is dominant near the DMSP orbits at
night and they are supplied from the plasmasphere, making this
DMSP data sensitive to the neutral H density in the dayside lower
exosphere.

FIGURE 2
Diurnal variations of the F2-layer peak density NmF2 (A,C) and height hmF2 (B,D) at the ends of the L = 1.75 flux tube during 27 April—1 May 2017. The
open circles show the digisonde data at Melrose (two top panels) and Port Stanley (two bottom panels). The solid orange line shows the FLIP model
simulations using the NRLMSIS H density multiplied by a factor of 2.75, dashed dark blue line on the NmF2 panels show the simulations using the
NRLMSIS H density. The model was constrained to follow the observed hmF2 variations in both hemispheres.
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3 Results

TheFLIPmodel’s ability to follow the observed hmF2 very closely
by adjusting the neutral wind as it steps in timewas used at both ends
of the ionosphere-plasmasphere system (Figure 2).

The first step was to run tests to find the model settings to
provide near-optimal agreement between the simulated plasma
parameters and observations along the entire flux tube. Specifically,
the model should match, 1) the observed DMSP plasma densities in
the topside ionosphere of both hemispheres and the high altitude
Arase plasmasphere densities, and 2) the DMSP electron and
ion temperatures in the topside ionosphere of both hemispheres.
It is important to note that, because local heating and cooling
are insignificant in the topside ionosphere, the topside electron

temperature is directly related to the electron heat flux from the
plasmasphere, which in turn is determined by the amount of heat
deposited within the plasmasphere.

One complication in this process is that the model topside
temperatures are not independent of the plasmasphere electron
density because the plasmasphere heating by photoelectrons is
proportional to the electron density. Thus, adjusting the H density
to increase the plasmasphere density will increase heat flow to
the topside ionosphere, which affects the topside temperature and
density. An iterative process is necessary to ensure that the model
parameters controlling the neutral H density and plasmasphere heat
sources are consistent.

To control the heating of the plasmasphere, the model has
two parameters, 1) the fraction of photoelectrons trapped in the

FIGURE 3
Diurnal variations of the topside ionosphere electron Te (A,C) and ion Ti (B,D) temperatures at both ends of the L = 1.75 plasma flux tube during 27
April—1 May 2017. The symbols show DMSP data: F15 (red circles), F16 (blue diamonds), F17 (dark green squares), and F18 (cyan hexagons). The solid
orange line shows the FLIP model simulations using the NRLMSIS H density multiplied by a factor of 2.75.
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FIGURE 4
Diurnal variations of the plasma density in the topside ionosphere at northern (A) and southern (C) ends and in the high-altitude plasmaspheric part (B)
of the L = 1.75 flux tube during 27 April—1 May 2017. The dashed dark blue line shows the simulation using the standard NRLMSIS H density while the
solid orange line is for the NRLMSIS H density multiplied by a factor of 2.75. In the top and bottom panels, the symbols show DMSP data: F15 (red
circles), F16 (blue diamonds), F17 (dark green squares), and F18 (cyan hexagons). Pink squares on the middle panel denote the Arase satellite data.

plasmasphere and depositing all their heat there. This is only
operative when the photoelectrons transit the plasmasphere, 2)
the plasmasphere heating rate, which can be adjusted artificially
to match the observed topside electron temperature both day and
night.This parameter ismeant to account for possible unknown heat
sources, such as the ring current. It is most useful at night when
there are no photoelectrons because both conjugate ionospheres are
in darkness.

The best agreement with the observations was reached with
the multiplier of 2.75 for the NRLMSISE-00 H density. Because the
H density has a large scale height, a simple altitude-independent
multiplier is adequate. Figure 3 shows that the model produces
the observed topside Te variations in both hemispheres. Figure 3
also demonstrates that the calculated topside ion temperatures are
in a good agreement with the observations. Figure 4 shows that
matching the topside temperatures and using a multiplier of 2.75

for the NRLMSISE-00 H density produces a good match to all the
satellite plasma density observations.

With regard to the F2-layer peak density NmF2, the model/data
agreement is excellent in the Northern hemisphere (Figure 2)
while the difference in the Southern hemisphere reaches ∼60%
for some days near noon. A possible reason for the difference
could be the separation between the Port Stanley digisonde and the
Melrose conjugate point (see Figure 1) for which the simulation
was made. However, a simulation made for the actual coordinates
of Port Stanley has the same behavior. It is possible that the ∼60%
underestimation of the midday NmF2 by the FLIP model in the
Southern hemisphere indicates that themiddayO toN2 density ratio
is too low in the NRLMSISE-00 model. Another capability of the
FLIP model was used to test this. It can reproduce the measured
NmF2 by modifying the neutral temperature in the NRLMSISE-00
model to change the O to N2 density ratio self-consistently. This
simulation (not shown) found that good model/data agreement was
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reached for NmF2 with midday neutral temperatures a moderate
∼60–70 K lower than that of the NRLMSISE-00 model. This NmF2
algorithm was not used for the results presented here because the
NmF2 variation at the southern end of the flux tube may be different
from Port Stanley and because these model/data differences have
only a small effect on our key results in the plasmasphere and topside
ionosphere. The topside ionosphere and plasmasphere densities
deviate from the main results up to ∼10% and ∼5%, respectively.

To determine the sensitivity of the ionosphere-plasmasphere
system to the H density, an additional simulation was made with
the standard NRLMSISE-00 H density with the model adjusting the
plasmasphere heating rate to maintain the model-data temperature
agreement in the topside ionospheres. Figure 4 demonstrates
that decreasing the H density by a factor of 2.75 reduces the
simulated nighttime plasma density in the topside ionospheres of
both hemispheres by up to ∼50% and the simulated afternoon
plasmasphere density by up to ∼45%.

The decrease by a factor of 2.75 in theH density also causes up to
a∼35%decrease in the simulatedNmF2 at night in both hemispheres
(Figure 2). In the Northern hemisphere, this worsens the agreement
with the observations. In the Southern hemisphere, the model/data
agreement improves for some hours but worsens at other times.

4 Discussion

This study examines the impact of the neutral hydrogen density
in the lower exosphere on the ionosphere-plasmasphere system as
a whole. Let us consider how the current results compare with
previous studies.

This study complements and expands on the Kotov et al. (2018)
study, which employed similar analysis techniques in the European
sector at L ∼2.1 from 2016 to 2018. Although there were only
observational data for the Northern hemisphere in that study, a
similar sensitivity to the H density was shown for the topside
ionosphere in all the seasons and for the plasmasphere near the
winter solstice. In addition to being in a different longitude sector,
this current study is different in being during a transition from
spring to summer.

The current results verify that the ionosphere-plasmasphere
system’s sensitivity to the lower exosphere H density is strong.
Increasing the H density from the standard NRLMSISE-00 model
by a factor of 2.75 enhances the ionosphere-plasmasphere H+ fluxes
by a factor of ∼2.0–2.5 (Figure 5), and that increases the plasma
density in the afternoon plasmasphere by up to ∼80% and in
the nighttime topside ionosphere up to ∼100%. These sensitivity
estimates for the H+ fluxes and plasma densities are close to those
found by Kotov et al. (2015), Kotov et al., 2016, and Kotov et al.
(2018) that were obtained for different seasons in the European
sector.

It is difficult to compare our results with the results obtained
by Krall et al. (2018) with the SAMI3 model. The reason is that
the SAMI3 was not constrained by ionospheric observations (hmF2
and topside Te), and their simulation results were not compared
with measurements of the plasma density in the plasmasphere and
topside ionosphere. Also, Krall et al. averaged their results over
all longitudes while we consider one flux tube. This may be one
of the reasons for the much smaller sensitivity of the steady-state

plasmasphere of Krall et al. to strong changes in the H density
(see Figure 2 of their paper). One other reason for FLIP/SAMI3
differences could be that Krall et al. simulated for somewhat higher
L-shells (L = 4.0 and L = 5.2). On the other hand, our observation-
based simulations with the FLIP model for L = 4.0 (not shown)
indicate just as high a sensitivity of the plasmasphere to theHdensity
as for L = 1.75. At the same time, there is a reasonable agreement
between the plasmasphere refilling rates seen from our simulation
at L = 4.0 and those of Krall et al. (2018).

An examination of the variation of the O+/H+ transition height
lends additional support for the 2.75 multiplication factor for
the daytime NRLMSISE-00 H density. Figure 6 shows that the
transition height is quite sensitive to the H density during the
day but almost insensitive during the night. This nighttime feature
is understandable because, when the solar activity is low, the
downward nighttime H+ flux is responsible not only for the H+

density in the topside ionosphere but for the O+ density as well.
Much of the O+ in the nighttime topside ionosphere is from the H+

that is supplied by the downward H+ flux. Thus, more H+ leads to
more O+. As a result, the nighttime O+/H+ transition height shows
only a small dependence on the H+ flux which changes significantly
with theH density (Figure 5). Earlier results for the European sector
showed similar behavior (Kotov et al., 2015).

During the day, the H+ flux is upward and removes H+ from
the topside ionosphere. The H+ is produced from the O+ and the
amount is directly proportional to the H density. On the contrary,
the amount ofO+ is determinedmostly by ionization processes in the
atmosphere followed by upward diffusion to the topside ionosphere.
There is a small decrease in the O+ density with an increase in the
H density through the O++H reaction. However, this effect is much
smaller than the loss of H+ due to the upward flux. As a result, there
is an increasing difference between the H+ and O+ densities with the
increase in the daytimeH density, which leads to the high sensitivity
of the daytime O+/H+ transition height to the H density.

The FLIP model transition height behavior is supported by the
empirical climatological TBT-15 model of topside ion composition.
The TBT-15 model is included in the International Reference
Ionosphere (IRI-2020) model (Truhlik et al., 2015; Bilitza et al.,
2022). It was constructed from an extensive database of independent
satellite observations. The TBT-15 model daytime O+/H transition
height is closer to our simulations with the multiplier 2.75 to the
NRLMSISE-00 H density.

The estimated 2.75 multiplier to the NRLMSISE-00 H density
agrees reasonably with the multiplier of ∼2 implied by extensive
optical observations of Balmer-α emission conducted during the
23rd solar cycle by theWisconsinH-alphaMapper (WHAM) Fabry-
Perot located at the Pine Bluff Observatory (43.08°N, 89.67°W)
in Wisconsin (Gallant et al., 2019) and Kitt Peak Observatory
(31.96°N, 111.60°W) in Arizona (Nossal et al., 2012). The latitudes
and longitudes of both observatories are close to the coordinates of
the starting point of the flux tube we simulate (see Figure 1). Note
that while our technique estimates the daysideHdensity in the lower
exosphere, WHAM estimates the H density for the dusk and dawn
periods in the same region. Thus, the techniques complement each
other very well, and using both techniques jointly at the same region
would certainly provide more opportunities for the lower exosphere
H density investigation.
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FIGURE 5
Diurnal variations of the ionosphere-plasmasphere H+ flux at 1000 km altitude at the northern (A) and southern (B) ends of the L = 1.75 flux tube during
27 April—1 May 2017. The dashed dark blue line shows the simulation with the standard NRLMSIS density while the solid orange line is for the NRLMSIS
H density multiplied by a factor of 2.75. The plots are running average of the simulated fluxes over 45 min intervals.

FIGURE 6
Diurnal variation of the H+/O+ transition height at the northern (A) and southern (B) ends of the L = 1.75 flux tube during 27 April—1 May 2017. The
dashed dark blue line shows the simulation with the standard NRLMSIS density while the solid orange line is for the NRLMSIS H density multiplied by a
factor of 2.75. The thin red solid line shows the variation calculated using empirical TBT-2015 model of ion composition of climatological International
Reference Ionosphere model (IRI-2020 version).
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The multiplier 2.75 found here is also in excellent agreement
with values obtained in numerous previous investigations
performed for low/low-to-medium solar activity and magnetically
quiet conditions in the European sector (Kotov et al., 2015;
Kotov et al., 2016; Kotov et al., 2018; Kotov et al., 2019) and Asian
sector (Panasenko et al., 2021). These previous studies show the
multiplier to the NRLMSIS H density ranging from 2.0 to 3.0 for
low/medium and extremely low solar activity, respectively. Recent
work of Wan et al. (2022) employing GUVI Layman-α observations
for the 2002–2007 period, which covers the same solar activity
conditions, also shows a multiplier of ∼2.

Based on the accumulation of evidence, we recommend that
ionosphere modelers increase the neutral H density from the
NRLMSISE-00 model by a factor of 2 for low-to-medium solar
activity and magnetically quiet conditions so that the simulated
plasma densities in the ionosphere and plasmasphere can reproduce
the plasma observations with acceptable accuracy.

5 Conclusion

Themain conclusions from the results of this observation-based
study of the entire ionosphere-plasmasphere system performed for
the period with low solar and magnetic activities are the following.

1) The entire ionosphere-plasmasphere system is highly sensitive
to the neutral hydrogen density in the lower exosphere.
Increasing the H density by a factor of 2.75 from the standard
NRLMSISE-00 values increases the simulated plasma density in
the afternoon plasmasphere up to ∼80% and in the nighttime
topside ionosphere up to∼100%, bringing the simulated densities
into agreement with the Arase and DMSP satellite observations.
The last point indicates that using the NRLMSISE-00 H density
causes unacceptable errors in the simulated plasma density of the
near-Earth plasma shells. We alert the space science community
of this problem.

2) The high sensitivity obtained for the American longitudinal
sector for L = 1.75 agrees well with the high sensitivity seen in
the simulations in the European sector at L = 2.1 (Kotov et al.,
2015; Kotov et al., 2016; Kotov et al., 2018).

3) The estimated multiplier 2.75 to the NRLMSISE-00 H density
is consistent with values obtained in the numerous previous
investigations conducted for low-to-medium solar activity
and magnetically quiet conditions with different techniques
in the American sector (Nossal et al., 2012; Gallant et al.,
2019), European sector (Kotov et al., 2015; Kotov et al., 2016;
Kotov et al., 2018; Kotov et al., 2019), and Asian sector
(Panasenko et al., 2021) and around the globe (Wan et al., 2022).
These determinations that use independent techniques for
different conditions bolster the need to reexamine the H density
in the NRLMSISE-00 model at least for periods with low solar
and magnetic activities.
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