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1. Earth’s Radiation Belts

- 4. The VERB-3D Code 6. Model Performance

* They consist of electrons and protons 1 The 3D Versatile Electron Radiation Belt Code (VERB-3D) describes the dynamical evolution of the radiation belts by solving the equation: We compare the reanalysis against the observations from the Van Allen Probes
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* They are hazardous to satellites i ) . ) —— S — . . — ratio between the assimilated and observed fluxes follow an unbiased gaussian
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during geomagnetic storms can where 1 1s the phase space density, & the equatorial pitch angle, p the relativistic momentum and L* indicates the location of the drift paths of energetic
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* Satellite observations are limited due to spatial coverage, and individual data sets We assimilate Arase and GOES measurements into the VERB-3D code using a split operator Kalman Filter, and we validate our reanalysis by comparing 100 B0 AT | TS 302l : : L 500 : L
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In order to nill the S4ps and construct a reliable data set, we use data-assimilation a) XEP(Arase) and MAGED+EPEAD(GOES Figure 2. (a) Comparison of fluxes between the observations from the Van Allen Probes and the data assimilation results from the
tecniques (the Kalman Fﬂter) to blend sparse measurements with the thSiCS-b&S@d i | I b TR e " A ! ! | wh VERB-3D (flyby), the continuous black line represents the 1:1 ratio, the dashed black lines indicate a factor of 2, and the outer red
6 ' 1 ' [ \'| | I | | h ' ‘ | = dashed lines indicate a factor of 5. (b) Cumulative distribution function (CDF) of assimilated vs observed flux differences, with a
model VERB-3D f" il |’N' W 1 A 1 | ‘ | | Akl 3 5 9 vertical black dashed line at x=2 and a red dashed line at x=5 with the cumulative probability indicated; and for comparison the CDF
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GSM-X [Re] GSM-X [Re] GSM-Y [Re] and validate the results against the Van Allen Probes.
Figure 1. Orbital coverage of the Van Allen Probes (RBSP-B), Arase, and GOES (GOES15) satellites between April 1 and June 30, 2017. C) ECT'Combinéd (RBSP) observations #Or validation
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L. Predict the state of the system and error 3naa0” alldem Sy S i gy it ® Data assimilation provides to be a reliable technique for
covariance matrix using the model dynamics: : .
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i Xp = X T k(yk‘ B kxk) ) Figure 3. Evolution of differential electron fluxes as a function of L~ and time, interpolated to 1 MeV energy and an equatorial pitch angle of 40- from 1 April to 30 June 2017. (a) Hourly-averaged electron flux measurements from ARASE (HEP-H),
GOES13, and GOES15 (MAGED and EPEAD), used for data assimilation. (b) Fly-through the DA VERB-3D reanalysis results. (c) Electron flux observations from RBSPb (ECT-combined) used for validation. (d) Normalized difference between the EG U 2 5 10044
reanalysis results and observations. (e) Geomagnetic index Kp. -
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