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ABSTRACT

A new empirical model of the electron fluxes and ion fluxes at geosynchronous orbit (GEO) is
introduced, based on observations by Los Alamos National Laboratory (LANL) satellites. The model
provides Hux jredictions in the energy range ~1 eV to ~40 keV, as a function of local-time, energy,

and the st

the solar-wind electric field (the negative product of the solar wind speed and the z-
componthe magnetic field). Given appropriate upstream solar-wind measurements, the model
provides @ast of the fluxes at GEO with a ~1 hour lead time. Model predictions are tested against
in—samplmvations from LANL satellites, and also against out-of-sample observations from the
CEASE—Iﬁctor on the AMC-12 satellite. The model does not reproduce all structure seen in the
observations. _However, for the intervals studied here (quiet and storm times) the Normalized-Root-
Mean-Sq “Deviation (NRMSD) <~0.3. It is intended that the model will improve forecasting of
the spacemnvironment at GEO and also provide improved boundary/input conditions for physical

models o agnetosphere.

Author M
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1. Introduction

Geosynchronous orbit (GEO), at a radial distance of 6.6 Rg (Earth radii), is one of the most popular
locations for communications, scientific, and military satellites (see Figure 1). This is primarily due to
the fact Mellites located in this orbit have an orbital period of 24 hours, allowing them to remain
at the sa phic longitude above the Earth during their operational lifetime. Predictions of the
plasma erMment encountered by satellites at GEO [Purvis et al., 1984; O'Brien and Lemon, 2007,
Thomsen gt al.J2007; Sicard-Piet et al., 2008; O'Brien, 2009; Ginet et al., 2014; Hartley et al., 2014;
Ganushkin., 2013; 2014; 2015; Denton et al., 2015] provide spacecraft designers and operators
with estinS)f the plasma conditions (e.g. the ion flux and the electron flux) that satellite hardware
will be subjected to on orbit. If such predictions are based on upstream solar-wind conditions (e.g.
measuredgne ACE satellite or the DSCOVR satellite situated in Lissajous orbits at the L1
Lagrangiamlt between the Earth and the Sun) then this allows a lead time of around one hour from
the flux presigtions being made to when such fluxes may be encountered. Since elevated fluxes are
generally considered a hazard for satellites, a lead time of around one hour can be used to potentially
take remdfjial action with the intention of mitigating damaging effects upon the satellite hardware.

Understahe environment at GEO 1is one scientific topic where the operational community and

the scientyme=semmunity both invest significant effort and where each communities priorities may be

aligned |=i'Brig1 etal.,2013].

In additio{he hardware-related uses of electron and ion flux predictions, a variety of scientific
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models of the inner magnetosphere also use fluxes at GEO as their outer boundary conditions (e.g.
Jordanova et al. [1998; 2003], Zaharia et al. [2005; 2006], Katus et al. [2014]). Hence, development
of improved predictions of the fluxes at GEO has the potential to benefit both the scientific and

operatio munities.

O

Ina recen&sﬂy we introduced a new model of the ion and electron fluxes at GEO in the energy range
~1 eV to @eV as a function of local time, geomagnetic activity, and solar-activity [Denton et al.,
2015]. Tmodel is based on observations made between 1989 and 2007 by seven Los Alamos
National atory (LANL) satellites based at GEO. Magnetospheric Plasma Analyzer (MPA)
instrumenﬁectro—static analyzers) onboard the satellites measure both the electron and the ion
energy—pecge distributions between ~1 eV/q and ~40 eV/q [Bame et al., 1989; Thomsen et al.,
1999]. I each point in the entire MPA dataset (over 80 satellite-years of data) was allocated to

the a te bin based on an array of 40 energies (equally spaced logarithmically between 1 eV and
pp

40 eV), |-times, and 28 discrete values of the Kp index [Bartels et al., 1939; Thomsen, 2004],
for both imd electrons. Solar activity variations were included in the model by carrying out the
above bin@or four ranges of the F10.7 index (all F10.7, F10.7 < 100, 100 <F10.7 < 170, and F10.7
> 170). Statdsical averaging for each grid allowed the mean, median, and standard deviation for each
bin to b%ated whilst bi-linear interpolation allowed flux predictions to be made for any chosen

input vahj‘ he model also returned predictions of the Sth, 25th, 75th, and 95th percentiles of the

flux values for:’my chosen combination of input values. Hence, in the published version of the original
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model, the user can input a particular energy, local time, and value of the Kp index, and the model will
return a prediction of the electron flux and the ion flux to be encountered at GEO for the chosen

energy, chosen local time, and chosen Kp index, at four different levels of solar activity [Denton et al.,

2015].

pt

The bulk gnorphology of the electrons and ions at GEO, in the energy range sampled by LANL/MPA,

has previ@een shown to be well-correlated with the level of magnetospheric convection [Korth et
al., 1999;m0n et al., 2005; 2007; Lavraud et al., 2005]. And since the Kp index, with a 3 hour
cadence, | ry good proxy for this magnetospheric convection [Thomsen, 2004], then the original
model prg fluxes that were in reasonably good agreement with observations. However, two
disadvantgrise from use of the Kp index, with particular regard to predictions. Firstly, the K
index (frmhich Kp is derived) is an Earth-based index, constructed from magnetometer
measur s of the horizontal component of the terrestrial magnetic field. Hence, estimates of flux at
Earth ( ronous orbit), based on the Kp index, are only available on an instantaneous basis (i.e.
a 'nowcaswher than being true advance predictions (i.e. a 'forecast’). Secondly, the fluxes at GEO
are regula@served to fluctuate much more rapidly than three-hour time cadence of the Kp index,
typically 1 onse to dynamic changes in the solar wind with timescales much less than one hour in
duratimg our desire for a new and improved predictive model is driven by the following criteria:

(1) that thj model should be driven by some set of parameters that are regularly measured in the

solar wind, ufjream of the Earth, and thus provide at least a one-hour time interval between prediction
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of the fluxes and arrival of the fluxes at GEO, (ii) that the activity parameters should be capable of a
time cadence of at least one hour, and preferably as short as one minute, and (iii) that the new model
produce flux predictions that are, in the majority of cases, comparable with, or better than, the previous
version Mnodel. As outlined below, the results summarized in this study indicate that we have
largely ac&our intended aims by parameterizing the new model with the measured value of the
- —
solar—wintcle_ctric field at the L1 point. The developmental methodology used in formulating the new
model 1is @ed in detail in Section 2, comparisons between model predictions and in-situ
observatimﬂuxes are made, along with goodness-of-fit calculations, in Section 3, and a discussion

of the streﬁand weaknesses of the current model, and a summary, are provided in Section 4.

2. Modegthodology

The meth@y followed in generating a new model of the fluxes at GEO is very similar to that used
in the pre model, and described in detail in Denton et al. [2015]. The dataset for the model
comprises ~32 satellite-years of electron and ion observations made between 1989 and 2007 by the
LANL/MRA instruments flown on seven satellites at GEO. All flux measurements during this period
are utilize@n concurrent solar-wind measurements are available in the OMNI2 database [King and
Papitashvy=@805]. Periods when individual satellites are outside the magnetopause (usually during
extremem solar-wind pressure events) are excluded from the binning. One difference between
this studyﬁthe previous Denton et al. [2015] study is that here we do not remove periods of

excepti(gigh spacecraft surface charging. The methodology to correct the particle energies
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resulting from the charging (due to acceleration towards the spacecraft, or repulsion away from the

spacecraft), is considered robust [Thomsen et al., 1999].

In brief, ilable flux values (for electrons and ions) are binned into one-hour width bins in local
time, 40 thically spaced bins in energy (from 1 eV to 40 keV), and 32 equal-width bins in -
VswB2 (f-roE)OO to +8000 uV m'l). This binning yields a set of three-dimensional data-cubes that
contain tie-m)an, standard-deviation, and the 5™, 25", 50", 75", and 95™ percentiles of all data
contributimeach bin (see Figure 3). In order to provide the average conditions at any local-time,
energy orjz, bi-linear interpolation (with respect to the chosen local time and energy) and linear
interpolation (with respect to -vs,B,) is used. The local time (in hours), the energy (in eV), and the
negative ggt of the solar wind flow speed (Vg in units of km s™) and the z-component of the solar-
wind mag@ﬁeld (B, in GSM coordinates in units of nT), are chosen by the user. This product is
the solar-Yewag electric field (-vsyxB,) in units of pV m! and in this parameterization, a solar wind
speed o ™ s in a magnetic field value of B, = -14.7 nT (GSM) yields an electric field of +6615
uvV m’, Menerally accepted that, as with the Kp index, the solar-wind electric field is reasonably
well—corrith activity in the magnetosphere, although the detailed micro-physics that control the
couplinfyond the scope of this paper (see Newell et al. [2007]; Borovsky [2013; 2014];
McPherwl. [2015] for further discussions on this topic).

-

Althoug&planned to evaluate more advanced coupling functions in future, use of the -vg,B,
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parameter has the advantage of being well-known in the science and operational community, easily
computed, and widely available over the duration of the LANL/MPA dataset. In addition, this
parameter will be available in future via the continued operation of the ACE and DSCOVR satellites.
Solar Wm, propagated to the magnetopause, are taken from the high-resolution OMNI2 database
[King am@ﬂhvili, 2005] and MPA flux values are only included in the binning if solar-wind data
are avaﬁaEthe time of each data-point. To ensure a sufficient amount of data in each bin we have
limited th@ing to -vewB, values between -8000 and +8000 puV m™, and do not provide separate
predictiorwiifferent values of the F10.7 index. [Note: The maximum flux variation between solar
maximu olar minimum in the previous model was around a factor of 2, and only that large for a
small range of energies (~few keV). It is envisaged that users who will have a particular interest in

solar cyclgcts will be able to examine the F10.7 variations in the previous model to gain insight

into the e@d small changes with F10.7 in the new model].

The me™™® ard-deviation, and the 5™, 25™, 50", 75", and 95" percentiles in each bin are calculated
for ions awctrons. Figure 2 contains a schematic representation of the binning process and Figure
3 shows t@ults of this binning for the mean electron flux, and the mean ion flux, at two example
energies. lots in this figure demonstrate how differences in the orientation of the interplanetary
magnetlcgj direction (IMF), either northwards or southwards, radically change the average
measured Sat GEO for both the electrons and the ions. Clearly, such differences are neglected

when orﬂ}/{idering the overall level of convection (proxied by Kp) as is the case in our previous
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model [Denton et al., 2015]. Thus, we expect an increase in the prediction accuracy of the new model
as a result. Figure 4 contains example surface plots showing the electron and ion flux variability, as a

function of energy and local-time, for the one particular case when -vg,B, = -2000 uV m.

et

3. Com(g of Model Predictions with Observations

In compahubservations with model predictions the aim is to evaluate both the general level of
predictiorfabilgly of the model (goodness-of-fit), and also the incident solar-wind conditions for which
the mode%cﬁons may be more, or less, accurate. Here, model predictions are compared against
two differﬁts of observations - those provided by the LANL/MPA instruments themselves and
those fro independent CEASE-II instrument [Dichter et al., 1998] onboard the AMC-12 satellite,
also locartexﬁ;a GEO. The root-mean-squared deviation (RMSD) and the normalized root-mean-

squared dgﬁm (NRMSD) between the measured fluxes and the model predictions are calculated via

the equatioE
Zn: [(X i,model - Xi, measured )2 ]

LNRMSD = RMSD/(X)=1/* - (X) (1)

where n i@lumber of data points over the range of the comparison and X is the mean value of x
over th@ Both NRMSD and RMSD are calculated in order to provide metrics with which to
quantiffdl?lﬂ!)del accuracy (cf. Legates and McCabe Jr., 1999; Ganushkina et al., 2015) although a
wide spec, f other metrics may be used when comparing models to data [Koh et al., 2012], each

with p% strengths and weaknesses. There are no universally accepted metrics for what
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represents a 'good' NRMSD value, and certainly the calculated NRMSD values depend heavily on the
interval being studied. However, small values represent a better match between observations and
predictions than large values. The special case of RMSD=0 (NRMSD=0) would represent a perfect

forecast‘d'ﬂﬁ!rariation in the time-series being evaluated.

O

3.1 Compgrison with LANL/MPA observations

A compa.@)f model predictions with the LANL/MPA observations at GEO is made for a calm
five-day pgrige during 2004. Figure 5 contains electron observations and ion observations (at energies
~32 keV) the LANL-02A satellite (solid black line) along with model predictions from the Kp
version 0$ model (left column) and the new model driven by the solar wind electric field, -v4B,
(right colc Although the original aim was to provide a model with a much higher temporal
resolutio@ the Kp model, on implementation it was found that rapid fluctuations in the -v¢B,
parameEred in rapid oscillations in model predictions. These do not accurately represent the
actual ions at GEO. Although it is unclear on what timescale the bulk magnetosphere
responds g);hanging solar-wind electric fields (likely a complicated function of particle energy,
species, ti istory of the system, etc.), here the model results are smoothed with a five-minute box-
car avera is can be changed as required by the user) so as to smooth the oscillations in one-minute
high—resi'lﬂll OMNI model input data. Note: the Kp model is naturally smoothed due to the 3-hour

cadence oﬂ(p index. The solid red line in Figure 5 is the predicted mean flux from the model, and

the solid purili line is the median. The 5th, 25th, 75th and 95th percentiles are indicated by the dashed
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and dotted purple lines (the standard deviation is not shown). The Kp index and the -vy,B, parameter
are plotted in the bottom row. The RMSD and NRMSD values for the model-data comparisons are
also provided in the top right of each plot. Both versions of the model provide a reasonably good fit to
the data RMSD values between ~0.14-0.25. Little difference is apparent between the models
during th& conditions, with the observed flux almost always falling within the Sth-to-95th
percenti-le@ of the model predictions.
O

The plots mn in Figure 6 follow the same format but this time for ions and electrons with energies
~10 keV) dugine a highly dynamic and disturbed period, also in 2004. The model predictions closely
follow theﬁof the observations and for this period, even during some of the most dynamic changes
in the Kpg and in -vywB,. The NRMSD values are between ~0.15-0.21 for the new -v,B, model
and the 0@ Kp model at these times, and these values are typical of a range of other energies
betweeEOO eV. Of course the -vg,B, model also has the distinct advantage that it can make
flux-pr ~1 hour prior to the event, provided the upstream solar-wind electric field value is

known. ggain, the observed fluxes fall within the 5th-to-95th percentile range predicted by both

models d Imost the entire period under study, although the sharp drop in the ion flux at the start

of day %iﬁpredicted by either model.

-+

A complejparison of flux-predictions from the two different models at all observed energies can

be made exafning energy-time spectrograms of flux values from in-situ observations, along with
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simulated spectra from model predictions. Figure 7 contains electron (left column) and ion (right
column) flux spectrograms from the LANL-02A satellite (top row) with simulated spectra from the Kp
model (middle row) and the new -vg,B, model (bottom row). The model spectra show the mean-flux
predictim each model (although it is straight-forward to also evaluate the 5th, 25th 50th, 75th or
95th perc@ﬂux—predicﬁons, along with the standard deviation). The orange dashed line indicates
local no-olLaTithe black dashed line indicates local midnight. Note: the observations of electron fluxes

below ~lw should be treated with caution due to the possible presence of photoelectrons and

secondarylwrons contaminating the observations at these energies (see Fig. 7 top left panel).

Both the —VSJM and the Kp model flux spectra show many similarities to the observed LANL-02A
spectra WE model flux values being broadly comparable to the observations. However, it is clear
that theremgniﬁcant differences at most energies. With respect to the electrons, the high fluxes
observe nergies up to 10 keV by LANL-02A after ~15 UT are not fully captured by either model.
The K eproduces elevated fluxes at this time but their spatial structure is clearly affected by
the three—?&cadence of the Kp index. The -v¢B, model reproduces rapid fluctuations in the fluxes
that resul@: changes in the solar-wind electric field, but in general these are not seen in the
observaﬁor to 15 UT. With respect to the ions, both the Kp and the -vB, model reproduce the

appearance ol a low-energy population (the ion plasmasphere) observed by LANL-02A but the model

fluxes arejwhat lower than actually observed.

<
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3.2 Comparison with independent AMC-12/CEASE-II observations

As in evaluation of the previous model, in order to provide independent testing of the model veracity
(at least for the electron observations) we carry out a comparison of model predictions with electron
flux obswls from the CEASE-II sensor onboard the AMC-12 satellite at GEO. This comparison
is made f& 180 during 2013, a particularly disturbed period during a geomagnetic storm where
Kp reac-hmeimum ~6 and the Dst index reached a maximum excursion ~-100 at the start of the
day. As \@eviously noted [Denton et al., 2015] there is a semi-constant offset between CEASE-II
fluxes andw model predictions and hence to account for this difference we multiply the CEASE-II
fluxes by or of ~15 at all times. Since no cross-calibration between the MPA and CEASE-II
instrumenﬁk place prior to launch, this adjustment is akin to on-orbit cross-calibration of the
fluxes. _NGJr future comparison of model fluxes with measured fluxes from different satellites it

would be ary to evaluate the need for use of an appropriate cross-calibration factor.

Figure z electron fluxes measured by the CEASE-II instrument during a 24-hour period in

color—speirogram format, as a function of energy and time (top plot), along with the model electron

flux predi@ from the Kp model (middle panel) and the new -v,B, model (bottom panel). The Kp

index a:dﬁz are also shown, demonstrating the activity levels during this day The predictions

from each model demonstrate that the broad features observed at GEO by out-of-sample instruments
e —

such as Cﬁ—ll, can be predicted, even during highly disturbed periods. The advantage of the -

VewB, model i:lthat the fluxes to be encountered by the AMC-12 satellite can be predicted ~1 hour in
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advance, given upstream solar wind measurements of the speed and z-component of the magnetic field.

3.3 Spacecraft surface charging on LANL/MPA

Along M electron and ion fluxes, the MPA instruments also measure the electrostatic surface
potential &ANL spacecraft, relative to the ambient plasma [Thomsen et al., 1999]. Depending
on thei; @dual design and construction details, spacecraft can charge positive or negative
[DeForesgl ; Garrett, 1981; Farthing et al., 1982; Lanzerotti et al. 1998; Thomsen et al. 2013]. In
the case ofpt ANL satellites, the greatest level of charging occurs during hours of eclipse when the
surface p i3] can reach 1000s Volts (negative) with respect to the ambient plasma. Such elevated
charging ; detected by the observation of an ion-line in the ion flux measurements. This occurs

due to pCE particles that are accelerated towards the spacecraft by the negative charge on the

spacecrafcgz example of such an ion-line can be seen between ~18-22 UT in the ion flux

0bserva§ 1n Figure 7.

Since thegIP_A instruments regularly measure the spacecraft charging, it is straight-forward to extend
the curren@ model to include predictions of spacecraft charging, via similar methodology as that
used for t xes. Although each spacecraft charges differently depending on its construction, the
environg:conditions that give rise to dangerous levels of surface charging on one satellite are
likely to danger to other satellites passing through the region. Figure 9 shows the mean

measured (neftive) surface potential from all seven LANL satellites, in the same format as that used
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to calculate the flux distributions (as a function of -vg,B,) shown in Figure 3. It is clear from Figure 9
that the most severe surface charging of the LANL satellites occurs during southwards IMF-B, and at
spatial locations around local midnight. Charging is greatly reduced during periods of positive IMF-
B,. (cf. Mf spacecraft charging from LANL/MPA as a function of Kp, Dst, and vy, given in
Denton ar@msky [2012]). The model predicts the level of surface charging on the LANL satellites
by carr;ita a bi-linear interpolation between the mean surface charging levels in the appropriate
bins in Fi@(), based on the prevailing solar-wind conditions and the satellite local time. In this

respect thWel predictions of surface charging are calculated similarly to the model fluxes. It is

planned t% predictive capability of model will be further developed in future versions.

4. Discu; and Summary

The ultinmoal of much "space weather" research is to accurately predict the conditions to be
encounter orbital hardware systems as far in advance as possible. Of course, it is nigh-on
impossible Tor 100% accurate predictions to ever be achieved. However, by carrying out the work
outlined #bove, we aimed to achieve quantitative predictions that allow hardware operators and
scientific @ers the ability to predict fluxes in advance given knowledge of upstream solar wind
parameterﬁe absolute flux values (Figures 5 and 6), and the flux spectra (Figures 7 and 8), show
that the ‘_@ model provides reasonably accurate flux predictions at GEO ~1 hour in advance,
providingg/ledge of the solar wind electric field (e.g. from the ACE or DSCOVR satellites) is

availabkc.{u knowledge is available in real-time (e.g. from the Space Weather Prediction Center
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(http://www.swpc.noaa.gov/).

With a view to potential changes that could improve future flux forecasts, it is important to be guided
by knovWGf the physics of the inner magnetosphere. The current model, and the previous version,
considere@a the time-history of the magnetosphere at the time of the predictions, or the explicit
- —
transport 'erﬁfor plasma to migrate from the solar wind to the various locations around GEO. Drift
times are @y dependent, and also dependent on the local convection strength. Such potentially
non—lineamts can be estimated but are not known without complex particle tracing calculations.
Denton a ovsky [2009] estimated transport timescales from the solar wind to various locations
around Gﬁh timescales being of the order of 0 h to 17.5 h. In addition, Lavraud et al. [2006]
demonstr;e importance of the time-history of the system with respect to plasma conditions at

GEO by %ing the build up of cold, dense plasma during extended periods of northwards IMF.

Our aingiplore inclusion of both of these effects in future versions of the model.

With regaﬁitioperational uses of the model, Thomsen et al. [2013] demonstrated that satellite surface
charging @ng]y correlated with periods when the electron flux at energies between 5-10 keV
exceeds a jcular threshold. That study found that satellite surface charging was most likely to
occur during mtervals when the electron flux at 8 keV exceeded a flux threshold of 1.4x10° cm™s™

str! eV‘ljned with this knowledge, one possible use of the model would be to: (i) determine

appropriate Cfs—calibration factors between the model (based on MPA) and fluxes measured by the
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chosen satellite; (ii) use upstream values of solar-wind electric field to search for intervals when the
predicted electron fluxes at 8 keV exceeded a flux threshold; (iii) expect elevated surface charging to
be more likely during such intervals.

et

The modeQﬁdes good agreement with in-sample MPA observations and (with appropriate on-orbit
N
cross—caligration) with independent out-of-sample observations from the CEASE-II detector onboard

AMC-12. At iyhoped that the model will prove useful to the community of orbital hardware designers

and satell'merators, as well as to the scientific community who use fluxes at GEO as inputs to

physical %
In summa:

d

1. A nez of the electron fluxes and ion fluxes at GEO, which uses the solar-wind electric field
as input n developed. The model provides a ~1 hour advanced forecast of the fluxes at GEO in

the energ!range ~1 eV to ~ 40 keV.

2. The r;lﬁovides forecasts of the fluxes at GEO that are comparable in accuracy to the previous
riven

model, y the Kp index. The main benefit from the new model is the ability to predict the

{

fluxes in e.

Au
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3. The model results are robust, during both quiet times and highly disturbed storm-times, as measured
by the Root-Mean-Squared-Deviation (RMSD) and the Normalized Root-Mean-Squared Deviation

(NRMSD). Observed fluxes are found to almost always fall between the 5th and 95th percentiles of

the modEchtions.

4. A new gorecasting capability for spacecraft surface charging on the LANL satellites is introduced.

Further dgfeldyment of this capability is planned for the future.

The modﬁﬁeely available to users under the GNU General Public License v3.0 by contacting the

author directly or via the model webpage at http://gemelli.spacescience.org/mdenton/.
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Figure 1. (Top panel) The geographic (equatorial) locations of selected Earth-orbiting satellites

located in a synchronous orbit east and west of the Greenwich meridian (0° longitude). Where more
than one satellite is located at the same longitude (to 0.1 degree accuracy) the satellites are displayed
radially outwards from GEO. (Bottom panel) The geographic equatorial footprint of the satellites on

the Earth (Hammer-Aitoff projection). Note: no account is taken of the satellite inclination. Adjacent
satellites $e aliemately displayed in red/blue for clarity.
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Figure 3. Example mean fluxes from LANL/MPA as a function of solar-wind electric field and local
time, for the electrons (top panel - 532.6 ¢V) and the ions (bottom panel - 31141 eV).  These plots
demonstrate the large difference in the average flux at GEO for cases where the IMF is northwards
(negative -vg,B,) or southwards (positive -vgB,).
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Figure 4. Example surfaces showing the model flux surfaces at two different values of -vg,B,, for
electrons (top: -vB, = 2000 uV m™".) and ions (bottom: -vB, = -2000 pV m’™".), as a function of energy
and local time. Flux values at points off the grid can be computed via bi-linear interpolation between
grid points, and subsequent linear interpolation between the discrete values of -v,B..
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~32 keV. The left column shows the model predictions for electrons and ions using the Kp version of
the model. The right column shows model predictions in the same format, but using the -vg,B, version
of the model. The black line shows the observations from the LANL-02A satellite. The solid red line
is the predicted mean flux, and the solid purple line is the median. The 5th, 25th, 75th and 95th
percentiles are indicated by the dashed and dotted purple lines. The Kp index and the -vB, parameter

are also sﬂown i'n the bottom row.
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~10 keV. The left column shows the model predictions for electrons and ions using the Kp version of
the model. The right column shows model predictions in the same format, but using the -vg,B, version
of the model. The black like shows the observations from the LANL-02A satellite. The solid red line
is the predicted mean flux, and the solid purple line is the median. The 5th, 25th, 75th and 95th
percentiles are indicated by the dashed and dotted purple lines. The Kp index and the -v,B, parameter

are also sﬂown i'n the bottom row.
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Figure 7. Comparison of particle flux observations (top row) with the Kp-model (middle row) and the
new -vgB; model (bottom row) for electrons (left column) and ions (right column) on 5th April (day-
of-year 96) in 2004. Large fluctuations occur in both the Kp index and in the -vyB, parameter on this
day (see Figure 6). The orange line marks local noon and the black line marks local midnight in each
plot.
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Figure 8. Figure showing the CEASE-II electron flux observations from AMC-12 (top panel) on 29th
June (DOY- 180) in 2013 during disturbed geomagnetic activity. Also shown are the electron flux
predictions from the Kp model (middle panel), and the electron flux predictions from the -vg,B, model
(bottom panel). Note: the CEASE-II electron fluxes have been multiplied by a constant factor (cross-
calibrated) to bring them into alignment with the LANL/MPA model fluxes. Kp and -vy,B, are also
shown.

Author Manuscript

40
This article is protected by copyright. All rights reserved.



Spacecraft Potential
TQTAL DATA POINTS=16782401.

8000 = 11100
6000 .
. L 900
4000
i r700 S
2 2000 <
~ <
; Z
£ 0 500
2 £
@, _2000 | ?
5 I 300
~4000
1.
~6000
~8000 | ~100
12 18 24 6 12
LOCAL TIME

Figure 9@wing the mean (negative) of the spacecraft potential measured by MPA spacecraft
between 1 and 2007 as a function of -vy,B, and local time. The spacecraft surface potential is
clearly m ated around local midnight, and during southwards excursions of IMF-B,.

Auth

41
This article is protected by copyright. All rights reserved.



SATELLITES (2015)

2016sw001409-f01-z-.eps

This article is protected by copyright. All rights reserved.



e

O
Binning Scheme for -vB, Model

Mean, median,
and percentile

flux values
calculated for
each bin
Linear or
s Bilinear
interpolation
between bins
to provide flux
values af all
Grid of 40 values points off-grid
of ENERGY
(from ~1eV fo<
~40 keV)

Grid of 33 values of
SOLAR WIND

\
- ELECTRIC FIELD
Y (from -8000 to
Grid of 24 valuves of LOCAL TIME (0-24) +8000 pV m-)

2016sw001409-f02-z-.eps

This article is protected by copyright. All rights reserved.



Log,e Electron Flux O 5326 keV

8000

ol

6000

4000

2000

—VgB; (V m™' x107%)

12 18 24 6 12
LOCAL TIME

Log, lon Flux 31.141 keV

TOTAL DATA POINTS=1.33518E+07 25

2.25

‘N

o

';

5

E 2.0

2z

3

1
1.75
15

LOCAL TIME
2016sw001409-f03-z-.eps

Author Manuscr

This article is protected by copyright. All rights reserved.

LOG,, ELECTRON FLUX

LOG,, ION FLUX



-vBz=-2000.00

Ay
)
X
ﬁ,%%ﬂﬁn'o”%
.‘_. W ‘ﬁ-% A
AR
A
A
0y

0

_ra e o-ﬂa fﬂo

Log,o Electron Flux

Nl
W

Ao
(O
:" ,.

\

o’. ) { o‘
e
X7

...,,,. .“,,
Y
i
|
0
.
k7

MODEL

aa%

L] ™~ 0 0 ] Ll ™ -

diuosnuepy Joyiny

Log, lon Flux : —vBz=2000.00

MODEL

(,-ne _n1s
u

\-S ,-wd) xN13 901
< L] o~

; ..‘.“:
S
pi o

] [
%2
]
8%

§
g
L)
XSS

’w

2016sw001409-f04-z-.eps

This article is protected by copyright. All rights reserved.



LOG,, FLUX (em™ 5™ str! eV

[ | a
LANL-02A; MPA ELEGTRON FLUX - 2004

31264 eV,

- Er N ™
[ I

il

PARPURRI S ORI WA VR TP R A I AT W (T

LANL-02A Model

RMSD=0.359221
NRMSD=0.253061

T T T T
188 189 190 191 192 193
DAY OF YEAR

i LANL-02A: MPAION ELUX - 2004 32415 ¢V
71 LANL-02A Maodel RMS D=0, 2790496 -
] NRMSD=0.165381 [
_ 504 -
£ 1 [
I [
L 40 -~
] ;
£ 30 -
2] :
= ] AL
= 204 TS
g [

KP INDEX

188 189 190 191 192 193
DAY OF YEAR
KP INDEX
. . . . :
. i
6= 5
54 -
4 L
5 i
24 -
3 i
u ] T T T T i
188 189 19 19 192 193
DAY OF YEAR
|

-vB,

31264V,
RMSD=0.340248
NRMSD=0,241272

LANL-02A: MPA ELECTRON FLUX,- 2004
. LANL-0ZA

LOG,, FLUX (em™ 5" str' V")

188 189 190 191 192 193
DAY OF YEAR
LANL-02A: MPA LON FLUX - 2004 32415 eV
6.0 LANL-02A Mol RMS =), 243391 r
NRMSD= 144106 [
5.0 -
E -
T a0 -
E 304 :
!g ] X
= 204 i
g

190 191
DAY OF YEAR

-vB,

6000,

=B

188 189 190 191 192 193
DAY OF YEAR

2016sw001409-f05-z-.eps

This article is protected by copyright. All rights reserved.



FLUX {em™ 57 str’ eV)

1

LOC

21

£

o

tu

ol

6.0

h
=

FLUX (em™ s str! V)

LOC

KP INDEX

=
=

al
=

"
=

=

-1

=

n

&=

w

[

=

[ | a
LANL-02A; MPA ELECTRON FLUX - 2004

10461 eV,

LANL-02A: MPA ELECTRON FLUX,- 2004

10461 eV, ,

PRI

LANL-OZA Model

LANL-02A

RMSD=0.511454
NRMSD=0. 198311

LOG,, FLUX (em™ 5" str' eV}

Model RMSD=0.538537

T T
94 95
DAY OF YEAR

93

LANL-P2A; MPA IQN FLUX - 2004

Losoalovaul ool

LANL-AIZA

Musdel

9% 97 92 3 94 5 9% 97
DAY OF YEAR
1092] ¢V LANL-02A: MPA ION FLUX - 2004 | 10921 eV ;
RMSD=031340% &0 1 LANL-ZA Model RMSD=0312412
NRMSD=0, 149247 ] NRMSDh=t), 148715
50

]

-

MBI L e e

LOG,, FLUX (em™ 5" str' eV

. - L0

] T T T T - 0.0 T T T T T

92 93 94 45 96 Lo 92 93 96 L
DAY OF YEAR DAY OF YEAR
KP INDEX -vB,

] B I " FEEN - 8000, . L R 1 ] (e -

. - 6000

i - 4000.

4 - ]

=3 E 20000, =

1 L 3

" .P_ o 0.

] r T

= - =20hM).

4 L 1

1 L ]

- - -4000.

) 3 a

1 L ]

- - 6000, —

] T T T T F -5000. T T T T 1

92 93 9 95 96 w7 92 93 94 95 96 97
DAY OF YEAR DAY OF YEAR

e |

2016sw001409-f06-z-.eps

This article is protected by copyright. All rights reserved.



ALOG,, ENERGY (eV)

ALOG,, ENERGY (eV)

ALOG,, ENERGY (eV)

LANL-02A : 05-APR-2004

Observations

10¢

(A% 35 % . w3) XM NDHLDITE

Q. 6. 12,
UT (Hours)

ELECTRON FLUX MODEL : 2004 /096

18, 24,

m
o

10

10°

-
o
(A% 25 .5, w3) X4 NOMLDITI

10°

o
=}

10'

i
o

0. 6. 12. 18. 24,
UT (Hours)

ELECTRON FLUX MODEL : 2004,/096

-vBz-Model
10

10" 1
107 4

10" 4

(A% .95 5 . w3) XM4 NOMLDZTI

18.

12.
UT (Hours)

24,

ALOG,, ENERGY (eV) ALOG,, ENERGY (eV)

ALOG,, ENERGY (eV)

LANL-02A : 05-APR-2004

Observations

10

g
10° E
10° & o 4'0:"
0%
10" ’ - I |
bl i | e
i H A} p §
Ill'li':lll;J Iu“J'II'IJIJ R |:I i -'-'|I|II 2 1.0
0. E. 12. 18. 24,
UT (Hours)
ION FLUX MODEL : 2004 /096
Kp-Maodel
10*
2
10° g
3
4
10* ’ gl-
o3
10
0. B. 12, 18. 24,
UT (Hours)
ION FLUX MODEL : 2004 /096
-vBz-Model
10*
02
10° g
5.0
3‘l
16t 4.0!"_
0%
10"

12.
UT (Hours)

2016sw001409-f07-z-.eps

This article is protected by copyright. All rights reserved.



AMC~12: CEASE FLUXES - 2013/1B0

&

ENERGY (kev)

[ 12 18,
uT (haurs)

ELECTRON FLUX MODEL : 2013180

ENERGY [keV)

i KPP INDEX
;
2 5+ 4
P E
:
3
"
DAY OF YEAR
] : _
% o L

e 130
DAY OF YEAR

Author Manuscript

2016sw001409-f08-z-.eps

This article is protected by copyright. All rights reserved.



_Vs-Bz (V m_1) . 10-6)

8000

6000

4000

2000

-2000

-4000

-6000

—-8000

Spacecraft Potential
TQTAL DATA POINTS=16782401.

12 18 24 6
LOCAL TIME
1““ 2016sw001409-f09-z-.eps

This article is protected by copyright. All rights reserved.

1100

+900

- 700

- 500

300

100

-100

— SC POTENTIAL (V)



