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ABSTRACT

A new empirical model of the electron fluxes and ion fena geosynchronous orbit (GEO) is
introduced, based on observations by Los Alamos Natior@ratory (LANL) satellites. The model
provides flux predictions in the energy range ~1 eV to ~40 ks\Va function of local-time, energy,
and the strength of the solar-wind electric field (tlegative product of the solar wind speed and the z-
component of the magnetic field). Given appropriaterapst solar-wind measurements, the model
provides a forecast of the fluxes at GEO with a ~1 head time. Model predictions are tested against
in-sample observations from LANL satellites, and against out-of-sample observations from the
CEASE-II detector on the AMC-12 satellite. The modelsdoet reproduce all structure seen in the
observations. However, for the intervals studied heree{@und storm times) the Normalized-Root-
Mean-Squared-Deviation (NRMSD) <~0.3. 1t is intended thatmodel will improve forecasting of
the spacecraft environment at GEO and also provide wedrboundary/input conditions for physical

models of the magnetosphere.
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1. Introduction

Geosynchronous orbit (GEO), at a radial distance of .¢ERrth radii), is one of the most popular
locations for communications, scientific, and nailit satellites (see Figure 1). This is primarily dwe t
the fact that satellites located in this orbit hamepebital period of 24 hours, allowing them to remain
at the same geographic longitude above the Earth duringojmeiational lifetime. Predictions of the
plasma environment encountered by satellites at GE@vis et al, 1984;0'Brien and Lemon2007;
Thomsen et gl2007;Sicard-Piet et al.2008;0O'Brien, 2009;Ginet et al, 2014;Hartley et al, 2014,
Ganushkina et al.2013; 2014; 2013)enton et al. 2015] provide spacecraft designers and operators
with estimates of the plasma conditions (e.g. thelimndnd the electron flux) that satellite hardware
will be subjected to on orbit. If such predictions besed on upstream solar-wind conditions (e.g.
measured by the ACE satellite or the DSCOVR satedliteated in Lissajous orbits at the L1
Lagrangian point between the Earth and the Sun) thiseraliows a lead time of around one hour from
the flux predictions being made to when such fluxes maynbeumtered. Since elevated fluxes are
generally considered a hazard for satellites, a leagl tiivaround one hour can be used to potentially
take remedial action with the intention of mitigatidgmaging effects upon the satellite hardware.
Understanding the environment at GEO is one scieritficc where the operational community and
the scientific community both invest significant effand where each communities priorities may be

aligned P'Brien et al, 2013].

In addition to the hardware-related uses of electron andlixx predictions, a variety of scientific
models of the inner magnetosphere also use fluxes @t &kEtheir 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 pateimdi benefit both the scientific and
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operational communities.

In a recent study we introduced a new model of the ioreautron fluxes at GEO in the energy range
~1 eV to ~40 keV as a function of local time, geomagnattivity, and solar-activityjenton et al.
2015]. The model is based on observations made between 18820@#@ by seven Los Alamos
National Laboratory (LANL) satellites based at GEQJagnetospheric Plasma Analyzer (MPA)
instruments (electro-static analyzers) onboard Htellges measure both the electron and the ion
energy-per-charge distributions between ~1 eV/q and ~40 [B&me et al. 1989; Thomsen et al.
1999]. In brief, each point in the entire MPA datasege(®B0 satellite-years of data) was allocated to
the appropriate bin based on an array of 40 energies egpated logarithmically between 1 eV and
40 eV), 24 local-times, and 28 discrete values of the Kp inBaxéls et al. 1939; Thomsen2004],

for both ions and electrons. Solar activity vaoas were included in the model by carrying out the
above binning for four ranges of the F10.7 index (all F10.7,7/2@00, 100 <F10.7 < 170, and F10.7
> 170). Statistical averaging for each grid allowedrttean, median, and standard deviation for each
bin to be calculated whilst bi-linear interpolation aléml flux predictions to be made for any chosen
input values. The model also returned predictions obthe 25th, 75th, and 95th percentiles of the
flux values for any chosen combination of input valuesndé, in the published version of the original
model, the user can input a particular energy, local tamé,value of the Kp index, and the model will
return a prediction of the electron flux and the ion ftaxbe encountered at GEO for the chosen
energy, chosen local time, and chosen Kp index, at foi@reift levels of solar activityJenton et al.

2015].

The bulk morphology of the electrons and ions at Gia@he energy range sampled by LANL/MPA,
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has previously been shown to be well-correlated witHebe of magnetospheric convectidfdrth et

al., 1999;Denton et al. 2005; 2007Lavraud et al. 2005]. And since the Kp index, with a 3 hour
cadence, is a very good proxy for this magnetosphengection Thomsen2004], then the original
model predicted fluxes that were in reasonably good agreem#nbbservations. However, two
disadvantages arise from use of the Kp index, with particelgard to predictions. Firstly, the K
index (from which Kp is derived) is an Earth-based indesnstructed from magnetometer
measurements of the horizontal component of the taedlamagnetic field. Hence, estimates of flux at
Earth (geosynchronous orbit), based on the Kp indexgrayeavailable on an instantaneous basis (i.e.
a 'nowcast'), rather than being true advance predidiiens 'forecast’). Secondly, the fluxes at GEO
are regularly observed to fluctuate much more rapidly thaethour time cadence of the Kp index,
typically in response to dynamic changes in the solad with timescales much less than one hour in
duration. Thus, our desire for a new and improved prediatiodel is driven by the following criteria:
(i) that the new model should be driven by some set @npeters that are regularly measured in the
solar wind, upstream of the Earth, and thus provideast la one-hour time interval between prediction
of the fluxes and arrival of the fluxes at GEO, (ii) thie activity parameters should be capable of a
time cadence of at least one hour, and preferabShag as one minute, and (iii) that the new model
produce flux predictions that are, in the majority of casesiparable with, or better than, the previous
version of the model. As outlined below, the results sanrad in this study indicate that we have
largely achieved our intended aims by parameterizing thhernedel with the measured value of the
solar-wind electric field at the L1 point. The devel@mntal methodology used in formulating the new
model is outlined in detail in Section 2, comparisonswben model predictions and in-situ
observations of fluxes are made, along with goodness-ai@itiations, in Section 3, and a discussion

of the strengths and weaknesses of the current moded, sumdmary, are provided in Section 4.
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2. Model M ethodology

The methodology followed in generating a new model oflthess at GEO is very similar to that used
in the previous model, and described in detaiDenton et al.[2015]. The dataset for the model
comprises ~82 satellite-years of electron and ion obens made between 1989 and 2007 by the
LANL/MPA instruments flown on seven satellites at GEAIl flux measurements during this period
are utilized when concurrent solar-wind measuremeaetawailable in the OMNI2 databad€iig and
Papitashvili 2005]. Periods when individual satellites are outsidenthgnetopause (usually during
extremely high solar-wind pressure events) are excluded the binning. One difference between
this study and the previou3enton et al.[2015] study is that here we do not remove periods of
exceptionally high spacecraft surface charging. The rdetbgy to correct the particle energies
resulting from the charging (due to acceleration towardssfgfacecraft, or repulsion away from the

spacecratft), is considered robushfpmsen et g311999].

In brief, all available flux values (for electrons andgpare binned into one-hour width bins in local
time, 40 logarithmically spaced bins in energy (from 1 e\@ keV), and 32 equal-width bins in -
VsuB: (from -8000 to +800QV m™). This binning yields a set of three-dimensional datzes that
contain the mean, standard-deviation, and the 28" 50" 75" and 98 percentiles of all data
contributing to each bin (see Figure 3). In order to pi®vhe average conditions at any local-time,
energy or -¥B;, bi-linear interpolation (with respect to the chosecal time and energy) and linear
interpolation (with respect to s\B,) is used. The local time (in hours), the energy Ui, @and the
negative product of the solar wind flow speegh (@ units of km &) and the z-component of the solar-

wind magnetic field (Bin GSM coordinates in units of nT), are chosen byutey. This product is



122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

the solar-wind electric field (swxB.) in units ofuV m™ and in this parameterization, a solar wind
speed of 450 km’sin a magnetic field value of & -14.7 nT (GSM) yields an electric field of +6615
HV m™. It is generally accepted that, as with the Kp indles,solar-wind electric field is reasonably
well-correlated with activity in the magnetosphetl#h@ugh the detailed micro-physics that control the
coupling are beyond the scope of this paper ($¢eweell et al.[2007]; Borovsky[2013; 2014];

McPherron et al[2015] for further discussions on this topic).

Although it is planned to evaluate more advanced coupling imsctin future, use of the swB;
parameter has the advantage of being well-known in tieeacx and operational community, easily
computed, and widely available over the duration of the LIMNPA dataset. In addition, this
parameter will be available in future via the contohwperation of the ACE and DSCOVR satellites.
Solar wind data, propagated to the magnetopause, areftake the high-resolution OMNI2 database
[King and Papitashvili2005] and MPA flux values are only included in the binnirgpi&r-wind data
are available at the time of each data-point. To erswdficient amount of data in each bin we have
limited the binning to -yB; values between -8000 and +8000 m™, and do not provide separate
predictions for different values of the F10.7 index. ttNd’ he maximum flux variation between solar
maximum and solar minimum in the previous model wasiradl a factor of 2, and only that large for a
small range of energies (~few keV). It is envisaged tisats who will have a particular interest in
solar cycle effects will be able to examine the FAMaifations in the previous model to gain insight

into the expected small changes with F10.7 in the new hodel

The mean, standard-deviation, and theZ8", 50", 75", and 9% percentiles in each bin are calculated

for ions and electrons. Figure 2 contains a schemgpiesentation of the binning process and Figure
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3 shows the results of this binning for the mean ®acflux, and the mean ion flux, at two example
energies. The plots in this figure demonstrate hovewdifices in the orientation of the interplanetary
magnetic field direction (IMF), either northwards oouthwards, radically change the average
measured flux at GEO for both the electrons and the idDlearly, such differences are neglected
when only considering the overall level of convect{proxied by Kp) as is the case in our previous
model Denton et al.2015]. Thus, we expect an increase in the prediction axcof the new model
as a result. Figure 4 contains example surface plots shdawergjectron and ion flux variability, as a

function of energy and local-time, for the one paittic case when syB; = -2000uV m™.

3. Comparison of Model Predictions with Observations

In comparing observations with model predictions the mno evaluate both the general level of
prediction ability of the model (goodness-of-fit), and dls® incident solar-wind conditions for which
the model predictions may be more, or less, accurbigre, model predictions are compared against
two different sets of observations - those provided gy tLANL/MPA instruments themselves and
those from the independent CEASE-II instruméithter et al, 1998] onboard the AMC-12 satellite,
also located at GEO. The root-mean-squared deviatitdSOR and the normalized root-mean-
squared deviation (NRMSD) between the measured fluxes anmddtel predictions are calculated via

the equation

n
2
Z [(X i, model -X i, measured ) ]

NRMSD = RMSD /(x) =1/ * . (x) (1)

where n is the number of data points over the rangeeofdmparison and is the mean value of x
over this range. Both NRMSD and RMSD are calculatedrder to provide metrics with which to

qguantify the model accuracy (dfegates and McCabe Jr1999;Ganushkina et al.2015) although a
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wide spectrum of other metrics may be used when congparodels to dataKloh et al, 2012], each
with particular strengths and weaknesses. There are mnersally accepted metrics for what
represents a 'good' NRMSD value, and certainly theuleded NRMSD values depend heavily on the
interval being studied. However, small values represepetger match between observations and
predictions than large values. The special case of RMJBRNMSD=0) would represent a perfect

forecast of the variation in the time-series being@ated.

3.1 Comparison with LANL/M PA observations

A comparison of model predictions with the LANL/MPA obs#ions at GEO is made for a calm
five-day period during 2004. Figure 5 contains electron @Bfens and ion observations (at energies
~32 keV) from the LANL-02A satellite (solid black line)oalg with model predictions from the Kp
version of the model (left column) and the new modeladritay the solar wind electric field, swB;
(right column). Although the original aim was to providenadel with a much higher temporal
resolution than the Kp model, on implementation it wam#l that rapid fluctuations in theszB,
parameter resulted in rapid oscillations in model predistioThese do not accurately represent the
actual observations at GEO. Although it is unclearwdrat timescale the bulk magnetosphere
responds to changing solar-wind electric fields (likelyamplicated function of particle energy,
species, time-history of the system, etc.), herartbdel results are smoothed with a five-minute box-
car average (this can be changed as required by the aser )Y@ smooth the oscillations in one-minute
high-resolution OMNI model input data. Notee Kp model is naturally smoothed due to the 3-hour
cadence of the Kp index. The solid red line in FiguretBaspredicted mean flux from the model, and
the solid purple line is the median. The 5th, 25th, 75thS&tid percentiles are indicated by the dashed

and dotted purple lines (the standard deviation is notishoWwhe Kp index and the 3B, parameter
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are plotted in the bottom row. The RMSD and NRMSLDuealfor the model-data comparisons are
also provided in the top right of each plot. Both v@rsiof the model provide a reasonably good fit to
the data with NRMSD values between ~0.14-0.25. Littfeeigince is apparent between the models
during these calm conditions, with the observed flux alnabstys falling within the 5th-to-95th

percentile range of the model predictions.

The plots shown in Figure 6 follow the same format hig time for ions and electrons with energies
~10 keV) during a highly dynamic and disturbed period, als20. The model predictions closely
follow the trend of the observations and for this @&rieven during some of the most dynamic changes
in the Kp index, and in yB,. The NRMSD values are between ~0.15-0.21 for the ngys-wmodel

and the original Kp model at these times, and these vahges$ypical of a range of other energies
between ~1-40000 eV. Of course theBs model also has the distinct advantage that it can make
flux-predictions ~1 hour prior to the event, provided tipstream solar-wind electric field value is
known. Again, the observed fluxes fall within the 5tkB&ih percentile range predicted by both
models during almost the entire period under study, althougshtr@ drop in the ion flux at the start

of day 94 is not predicted by either model.

A complete comparison of flux-predictions from the twdetiént models at all observed energies can
be made examining energy-time spectrograms of flux valgs in-situ observations, along with
simulated spectra from model predictions. Figure 7 cositalactron (left column) and ion (right
column) flux spectrograms from the LANL-02A satellite (togv) with simulated spectra from the Kp
model (middle row) and the newsgB, model (bottom row). The model spectra show the mean-flux

predictions from each model (although it is straight-fmavto also evaluate the 5th, 25th 50th, 75th or

10
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95th percentiles flux-predictions, along with the standiation). The orange dashed line indicates
local noon and the black dashed line indicates locdhigint. Note the observations of electron fluxes
below ~100 eV should be treated with caution due to the pesgiklsence of photoelectrons and

secondary electrons contaminating the observationgse gnergies (see Fig. 7 top left panel).

Both the -y,B; and the Kp model flux spectra show many similaritiesh® observed LANL-02A
spectra with the model flux values being broadly comparabthe observations. However, it is clear
that there are significant differences at most eesrgiWith respect to the electrons, the high fluxes
observed at energies up to 10 keV by LANL-02A after ~15 UT atdufly captured by either model.
The Kp model reproduces elevated fluxes at this time [t gpatial structure is clearly affected by
the three-hour cadence of the Kp index. ThgBymodel reproduces rapid fluctuations in the fluxes
that result from changes in the solar-wind electricdfiddut in general these are not seen in the
observations prior to 15 UT. With respect to the itnogh the Kp and the s¥B, model reproduce the
appearance of a low-energy population (the ion plasmespbleserved by LANL-02A but the model

fluxes are somewhat lower than actually observed.

3.2 Comparison with independent AM C-12/CEASE-I| observations

As in evaluation of the previous model, in order tovte independent testing of the model veracity
(at least for the electron observations) we carryaoabmparison of model predictions with electron
flux observations from the CEASE-II sensor onboard theCAM satellite at GEO. This comparison
is made for DOY 180 during 2013, a particularly disturbed peatisthg a geomagnetic storm where
Kp reached a maximum ~6 and the Dst index reached a maxawaursion ~-100 at the start of the

day. As was previously note®¢nton et al.2015] there is a semi-constant offset between CEASE-

11



236 fluxes and MPA model predictions and hence to accounhisrdifference we multiply the CEASE-II
237 fluxes by a factor of ~15 at all times. Since no cr@d#@tion between the MPA and CEASE-II
238 instruments took place prior to launch, this adjustmerdkis to on-orbit cross-calibration of the
239 fluxes. Note for future comparison of model fluxes with measured #ufkem different satellites it
240 would be necessary to evaluate the need for use of aopajape cross-calibration factor.

241

242  Figure 8 shows electron fluxes measured by the CEASEsttument during a 24-hour period in
243 color-spectrogram format, as a function of energy @&né {top plot), along with the model electron
244  flux predictions from the Kp model (middle panel) and the rewB, model (bottom panel). The Kp
245 index and -y,B; are also shown, demonstrating the activity levels duttigday The predictions
246 from each model demonstrate that the broad featuresveldsat GEO by out-of-sample instruments
247 such as CEASE-Il, can be predicted, even during highlyrthet periods. The advantage of the -
248  vsyB; model is that the fluxes to be encountered by the AMGatéllite can be predicted ~1 hour in
249 advance, given upstream solar wind measurements of ted apd z-component of the magnetic field.
250

251 3.3 Spacecr aft surface charging on LANL/MPA

252 Along with the electron and ion fluxes, the MPA instants also measure the electrostatic surface
253 potential on the LANL spacecratft, relative to the snbplasmaThomsen et 31.1999]. Depending
254 on their individual design and construction details, spafte@an charge positive or negative
255 [DeForest 1972;Garrett, 1981;Farthing et al, 1982;Lanzerotti et al1998;Thomsen et aR013]. In
256 the case of the LANL satellites, the greatest lewalharging occurs during hours of eclipse when the
257 surface potential can reach 1000s Volts (negative) wipea to the ambient plasma. Such elevated

258 charging can be detected by the observation of an ionHdittfeeiion flux measurements. This occurs
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due to positive particles that are accelerated towardspheesraft by the negative charge on the
spacecraft. An example of such an ion-line can b& degween ~18-22 UT in the ion flux

observations in Figure 7.

Since the MPA instruments regularly measure the spaftedtrarging, it is straight-forward to extend
the current flux model to include predictions of spacealadtrging, via similar methodology as that
used for the fluxes. Although each spacecraft chargesatitfgrdepending on its construction, the
environmental conditions that give rise to dangerous sewtlsurface charging on one satellite are
likely to pose a danger to other satellites passing thrdlighregion. Figure 9 shows the mean
measured (negative) surface potential from all seveNLLAatellites, in the same format as that used
to calculate the flux distributions (as a function @f,B¢) shown in Figure 3. It is clear from Figure 9
that the most severe surface charging of the LANL Ilgateloccurs during southwards IME-Bnd at
spatial locations around local midnight. Charging is gye&tluced during periods of positive IMF-
B.. (cf. plots of spacecraft charging from LANL/MPA adumction of Kp, Dst, and ¢ given in
Denton and Borovskj2012]). The model predicts the level of surface chargmthe LANL satellites

by carrying out a bi-linear interpolation between theam surface charging levels in the appropriate
bins in Figure 9, based on the prevailing solar-winddd¢@ns and the satellite local time. In this
respect the model predictions of surface charging arelatdd similarly to the model fluxes. It is

planned that this predictive capability of model willfbgher developed in future versions.

4. Discussion and Summary

The ultimate goal of much "space weather" researclo mcturately predict the conditions to be

encountered by orbital hardware systems as far in advaagpossible. Of course, it is nigh-on
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impossible for 100% accurate predictions to ever be aetlie However, by carrying out the work
outlined above, we aimed to achieve quantitative predetibrat allow hardware operators and
scientific modelers the ability to predict fluxes in agea given knowledge of upstream solar wind
parameters. The absolute flux values (Figures 5 and 6)hanituk spectra (Figures 7 and 8), show
that the -v,B, model provides reasonably accurate flux predictions at GEQour in advance,
providing knowledge of the solar wind electric field (e.gnirthe ACE or DSCOVR satellites) is
available. Such knowledge is available in real-timg.(from the Space Weather Prediction Center

(http://www.swpc.noaa.qo/

With a view to potential changes that could improve fifilux forecasts, it is important to be guided
by knowledge of the physics of the inner magnetosphere.cdrent model, and the previous version,
considered neither the time-history of the magnetogpaethe time of the predictions, or the explicit
transport times for plasma to migrate from the swliawd to the various locations around GEO. Drift
times are energy dependent, and also dependent on thedoe@ction strength. Such potentially
non-linear effects can be estimated but are not knwitlmout complex particle tracing calculations.
Denton and Borovskj2009] estimated transport timescales from the soladwo various locations
around GEO with timescales being of the order of O h t6 h7. In additionLavraud et al.[2006]
demonstrated the importance of the time-history ofsiystem with respect to plasma conditions at
GEO by examining the build up of cold, dense plasma during exdepetéods of northwards IMF.

Our aim is to explore inclusion of both of these effactiiture versions of the model.

With regard to operational uses of the modélomsen et a[2013] demonstrated that satellite surface

charging is strongly correlated with periods when thetmlacflux at energies between 5-10 keV
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exceeds a particular threshold. That study found that satsilrface charging was most likely to
occur during intervals when the electron flux at 8 keVeexied a flux threshold of x#0° cm?s™
str' eV, Armed with this knowledge, one possible use of thelehavould be to: (i) determine
appropriate cross-calibration factors between the mb@sed on MPA) and fluxes measured by the
chosen satellite; (i) use upstream values of soladwelectric field to search for intervals when the
predicted electron fluxes at 8 keV exceeded a flux threshaldexXpect elevated surface charging to

be more likely during such intervals.

The model provides good agreement with in-sample MPA oasens and (with appropriate on-orbit
cross-calibration) with independent out-of-sample obsemwatirom the CEASE-II detector onboard
AMC-12. Itis hoped that the model will prove useful to tieenmunity of orbital hardware designers
and satellite operators, as well as to the scientdimmunity who use fluxes at GEO as inputs to

physical models.

In summary

1. A new model of the electron fluxes and ion fluxes at G&RIch uses the solar-wind electric field
as input, has been developed. The model provides a ~htheamced forecast of the fluxes at GEO in

the energy range ~1 eV to ~ 40 keV.

2. The model provides forecasts of the fluxes at GEO tieat@nparable in accuracy to the previous

model, driven by the Kp index. The main benefit frora ttew model is the ability to predict the

fluxes in advance.
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3. The model results are robust, during both quiet timdshaghly disturbed storm-times, as measured
by the Root-Mean-Squared-Deviation (RMSD) and the NomedliRoot-Mean-Squared Deviation
(NRMSD). Observed fluxes are found to almost alwaysbietween the 5th and 95th percentiles of

the model predictions.

4. A new forecasting capability for spacecraft surfelcarging on the LANL satellites is introduced.

Further development of this capability is planned thar future.

The model is freely available to users under the GNdde&®al Public License v3.0 by contacting the

author directly or via the model webpage at http://gerspéicescience.org/mdenton/.
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LOCATION OF 419 GEOSYNCHRONOUS SATELLITES (2015)
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Figure 1. (Top panel) The geographic (equatorial) locationsealected Earth-orbiting satellites

located in a synchronous orbit east and west of ther®neh meridian (Dlongitude). Where more
than one satellite is located at the same longitud@.{talegree accuracy) the satellites are displayed
radially outwards from GEO. (Bottom panel) The geographigatorial footprint of the satellites on

the Earth (Hammer-Aitoff projection). Noteo account is taken of the satellite inclinationdjakent
satellites are alternately displayed in red/blue fortglar
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470 Figure 2. Schematic showing the binning scheme for the raBdel. The three-dimensional model
471 grid contains 40 energy bins (between 1 eV and 40 keV)in33db -vB, values (-8000 to +8000), and
472 24 bins of local time (0-24), for both the ions and tleeteons.
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Figure 3. Example mean fluxes from LANL/MPA as a function ofas-wind electric field and local
time, for the electrons (top panel - 532.6 eV) and the (®ottom panel - 31141 eV). These plots
demonstrate the large difference in the average fluxe®® @r cases where the IMF is northwards
(negative -y,B,) or southwards (positive s\B.).
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Figure 5. Example model results for five very calm days in 2004efectrons and ions with energies
~32 keV. The left column shows the model predictionsefectrons and ions using the Kp version of
the model. The right column shows model predictionkénseme format, but using the#, version

of the model. The black line shows the observations fite LANL-02A satellite. The solid red line
is the predicted mean flux, and the solid purple line isntleelian. The 5th, 25th, 75th and 95th
percentiles are indicated by the dashed and dotted purple TilesKp index and the s\B, parameter
are also shown in the bottom row.
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Figure 6. Example model results for five disturbed days in 2004 fatreles and ions with energies
~10 keV. The left column shows the model predictionsfectrons and ions using the Kp version of
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are also shown in the bottom row.

27



LANL-02A : 05-APR-2004 LANL—02A : 05-APR-2004

Observatipns Observations

10* 50 10*
: i3 g
3 m
5 10 602 > 10° s
Q = Q 5.0~
2 - 3
E 102 sn 5 ";{.
o s, o 10 )
Q T O A
Q 9 b3
<C 1 o < 5
i REERT
2.0
ol e
10° N
0. 8. 12, 18, 24, 0. 6. 12, 18. 24,
UT (Hours) uT {Hours)
ELECTRON FLUX MODEL : 2004/096 ION FLUX MODEL : 2004/096
Kp-Model Kp-Model
10 10*
> g S 08
> 10° S oy 10 g
& € © som
Ll W 3,
Z o 3z .
] o o 10 M
&) - L
o] S O 2
#: 1 o, é VL
10 3
< 10!
o é. 12. 18. 24, 0. 6. 12, 18. 24,
UT (Hours) UT (Hours)
ELECTRON FLUX MODEL : 2004/036 ION FLUX MODEL : 2004 /096
-vBz-Model -vBz—Model
104 B.0 10*
> 10° 605 > 10° £
2 € ® 507
[ s W 3’5
& 10? e 40"
= 40 2 10° T
Q a @ h
3 19 3
< 10" ,% = 5
S 10
2.0
0. 8. 12. 18, 24, 0. 6. 12, 18. 24,
507 UT (Hours) uT (Hours)

508

509 Figure7. Comparison of particle flux observations (top row) wita Kp-model (middle row) and the
510 new -%,B; model (bottom row) for electrons (left column) and ignght column) on 5th April (day-

511 of-year 96) in 2004. Large fluctuations occur in both the igex and in the B, parameter on this

512 day (see Figure 6). The orange line marks local noonhenblack line marks local midnight in each
513 plot.
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Figure 8. Figure showing the CEASE-II electron flux observatifsosmn AMC-12 (top panel) on 29th
June (DOY- 180) in 2013 during disturbed geomagnetic activityso Ahown are the electron flux
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