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I. MOtivatiOn "I ReSUItS Here we show comparisons of the trained model output to out-of-sample

* The Internal Charging hazard from energetic electrons is often MagEIS observations from 2018.
difficult to specify for non-GEO orbits 154 KeV @50 degrecs
* The goal is to develop a model that can connect measurements ) observe I "

| Overview of Training and Validation datasets. We utilize a 70/15/15 training/validation/test split

~

. . . . 8 | 3%
at LEO (POES) with energetic electrpn envwo_nmer_mt at r_wlgher &g; Py o 1 il o bl il Ll 5 Comparison at 354 keV at
orbits (|_e_ Van Allen Probes)_ Once this model is tra|ned, it can 5 AT Py YO LYY WRSEPRUIW RSy S T T Ty (T T P PV AT IPY DTOOTPT T VR W o 0 TPy VA I L T P O R I PR Tl AP ey P Py .2 ! _
: : . : o8 . , 1 ¥ equatorial pitch angle of 50
specify the outer energetic electron environment for periods % 9 . " e et o U sl bl o Ty | | 9
g 31 ' . Mod'el vOutput. deg rees
before and after the Van Allen Probes Era. 9POES R T T a — — — : — l , il T ECC dlarity. the 50 percentile
. . . S~ | LI ' | = ,
Frst Heraton o tre SHELLS mode (Clauaspiers ana oen, et MMM o R IRA O ol
. . IR Lt L Al "y T OO T LT R i N | 18 results are shown for fixed
2020) used daily averaged fluxes, discrete energy, L-shells ;poes T T T P T T T et o 14 = e e T e T o % : equatorial pitch angle rather
*Here, we used increased time resolution (1-minute), include =Pl 1t PRt bR b . J
M L A YA L ALY A I L LR R | Ul | | 6 12 than B
. . . ;_'L I il | AN J 4 WOTTIRTIL SR, B i A | AT il ) . arprs PR AR ) 3 AP n pglddii W J.04 A . b gtedi 8 E‘I’ an mirror
L-shell, B-mirror dependence and output multiple quantiles SGES g3 T T , L | m e TR TR | : - ° ¥ Model generally matches the
for error estimation il | L TN w, YA LIRS AR W LT LA LAl LA LT s LT E4 5 4. TR g Ll 2 . Y
3 e e e e et B e Caer g oo [l 8 observations very well.
P,,O,ESE4, | i R & Rbk 4 i ‘ Ui | e Qi Lk Al ) ; ! o LR | 1 b ! " 4 5; | .
Rotational = B g .hﬁ%i*ﬁWﬂ LT TAR T 1 0 P A ST ,\.l T T E3 ks 54 N B ] e Overall, the m.odel IS more
Rot L 3 i A ALV L i (LTI ,’ i s W3 Zs AN \‘\* \_.. accurate at this lower energy.
y VA ) b 'l m ' W b ” | "’l ” W1 ey I |" 4 22/ | K[! . “‘/"I‘V\* =5
; T P Iy ey o ) SR AT TV N N R R AN B
Radiation Inner ? ‘ . ‘ . ‘ ' % 20180101 20180301 20180501 20180701 20180901 20181101 20190101
Belt - | ! . . 3
Rag:tt]on ( N R | Ez " 1575 keV aeq=70 degrees
Ragialfon ] 20140101 20150101 20160101 20170101 20180101 20190101 °bseri"ed 3
e 5
b \ “
Magnet Vo ¢« Comparison at 1575 keV
is wikipedi 6 0 . .
sl e 2018-07-05T10:18:30 ,  at equatorial pitch angle of
..*'S'f'..-._ 2018-07-26T23:03:30 %
TN Comparison of tra at 2 different L-shell o} E oearees
e «— Comparison of energy spectra a ifferent L-shells. S
I' MOdeI Summary 3 R e The model is generally able to produce reasonable #  Overall, Model generqlly
L. WA : h Lo bet the train t e 3 matches the observations
Model Inputs: Model Outputs: § \\“.\.""_,_.,K. spectra even at energies in between the training se 8 ‘ . ¥ very well, but not as well as
« Current Kp Index . 25t 50t 75t percentile Van 3 107 TR R values. | N . o 5»""%%;,-,0«};'& a ° %  atlower energy.
. x p - - : AL I LT by : . ’ - i1 -1 3
» Maximum Kp from Last 3 Allen Probes/MagEIS flux 3 ool . - . | The shaded region shows the 25-75" percentile range 0 B ik iy a8 | 4
davs | "o % output by the model |
y 100 ] @ magE:Ssgt)hservatmrtm'sl; e @ ~-\\ &. A3. -- Observec‘i - MOde.l e = “ o % A s
== Mode percentile - T X e xR W, al T VY A " : =5.
« POES data at 4 energy Model 25th-75th range "’f.o_i TIRTINAL *§ ‘ ! %mm A =2 5
channels: E1 (>40 keV), E2 2= 107 10° ’*“!W' 0 AW T Tty T O IR ¥ it 71 2 Y P
Energy (keV) AR N i B, AT R N R U L il WA
(>130 keV), E3 (>4OO keV), ” 20108'0101 20180301 20180501 20180701 20180901 20181101 20190101
E4 (>700 keV) at 29 L bins
(0.25 L-bins for L=1-8) .
2 [ ¢ L-shell IV. Validation V. Conclusions
57 + Energy (keV) )
% e B_mirror Value nT . . . . . . Space Hazards Applications  Appications~ Contact
3 (nT) Once the network is trained, it can be used to output fluxes at any given energy, L, and Current version of the model from the Space ( E& T
B....... Here, we compare the model output to electron observations from CXD instruments Hazards Applications website Lo U el
mirror \using Low-altitude LEO Systems
on GPS [Morley et al. (2017)]. (http://spacehaz.com/shells.html)
Input Layer Output Layer GPS CXD (NS60) 425 keV * Working on producing a standard long-term
nerey 10 ' l 4 reference dataset for use in data-assimilation R
] 8 - models
i ‘77.\\/ } >3
Bmirror SRS 7 \ 6 & (. :
DI f,g‘;'.‘w. | 2  Paper describing the model recently submitted
Kp *‘%‘X (x’,«:‘,o\w‘%"//“\v 25t percentile flux 4 .
SEIREBOSSEESO<<K to Space Weather Rotaional
Max K A’é’ R \7 \O“i‘}“’/ ‘ e'& th i 0 Axis
» @SSR o S o) S5 @ 50" percentie SHELLS model devel t] i
L300 Q<X h | % model development is ongoing -
roes el @772 o N\ o 75% percentie flux 3 + Currently working on integrating THEMIS/SST bt e
. E and MMS/FEEPS data in addition to Van Allen e Inner
. § Probes to cover larger L-range (at GEO and L - THEM(')S
. . = : uter
POES E4 Lo (@ Activation Relu -~ ” : beyond)
I(_)oi's. _Qua”;\'('je Loss ("Pinball’) 0 « Comparison to similar models (Pre-MeV (Chen
ptimizer: Adam lz ) et al., 2019), MERLIN (Smirnov et al., 2020) Magnetic/
. wl;,% Cafodd g e * Future work include integrating high inclination Axis
Model Architecture ! o ik i S i L ol i r][.-';.[.':r:, Ol it iR 0 g data and developing a forecast model
 The model is constructed using Keras as a feed forward neural WA R L [ (T T R | MR Rt L T |, R
: : . " b T~ | - “ i o
network with an input layer and 2 hidden layers (20/10 nodes). i_ Rof
. . - . ) 20180101 20180401 20180701 20181001 20190101 erterences
Use pmba” loss function to get qua_ntlle>OUtletS' Chen, Y., Reeves, G. D., Fu, X., & Henderson, M. (2019). PreMeVvE: New Predictive Model for Megaelectron-volt Electrons inside Earth’s Outer Radiation
[ = (y —2)q ify=z Overall, the comparison at 425 keV is very good at L < 5. The model is able to capture the Belt. Space Weather. hittps://doi.org/10.1029/20185\W002095
q . : :
z—y)1—-q)ifz>y overall dynamics and accurately model the peak fluxes during enhancements. Claudepierre, S. G., & O'Brien, T. P. (2020). Specifying High-Altitude Electrons Using Low-Altitude LEO Systems: The SHELLS Model. Space Weather,
\Where y IS the true value, z is the predicted value and q IS the 18(3), €2019SW002402-e2019SW002402. https://doi.org/10.1029/2019SW002402
quantile value (O to 1 ) At hlgher L shells, the model performs poorly. This is expected, given that the training data Morley, S. K S_ullivan, J. P, Carver, M R., Kippen, R. M., Friedel, R. H. W., Reeves,. G. D., & Henderson, M. G. (2017). Energetic Particle Data From the
° Inputs are Scaled to have O mean and unlt variance |S Ilmlted tO the Van A”en Probes L range (L < 65, Shown Wlth gray dashed Ilne) TO Global Positioning System Constellation. Space Weather, 15(2), 283—289. hitps://doi.org/10.1002/2017SW001604
improve this performance, we’re Working on adding INn datasets at Iarger | values. Smirnov, A. G., Berrendorf, M., Shprits, Y. Y., Kronberg, E. A., Allison, H. J., Aseev, N. A., Zhelavskaya, I. S., Morley, S. K., Reeves, G. D., Carver, M. R., &
© 2022 The Aerospace Corporation Effenberger, F. (2020). Medium Energy Electron Flux in Earth’s Outer Radiation Belt (MERLIN): A Machine Learning Model. Space Weather, 18(11),

e2020SW002532-e2020SW002532. hitps://doi.org/10.1029/2020SW002532



http://spacehaz.com/shells.html
https://doi.org/10.1029/2018SW002095
https://doi.org/10.1029/2019SW002402
https://doi.org/10.1002/2017SW001604
https://doi.org/10.1029/2020SW002532

