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Project Aims 3. Validation Method
To evaluate the accuracy Of an outer radiation belt environment The 10-hour hindcast is validated against a dataset of PSD observa- 5 A Mok bt S
T, del at MEO and GEO traiectori tions from 32 individual satellites from the Van Allen Probes, GOES, 'm
e 2l [t THEMIS, Cluster, MMS and GPS constellation.
Multi-Mission Observations: 3 g
(| Motivation. Satel | Ite Anoma |y Attrl bution Observations are converted to adiabatic coordinates using the IGRF and ) MAEMESN PSD Obee Matons
) ) Tsyganenko (1989) field model, then intercalibrated to Van Allen Probe B and |

bias corrected GOES 15 data. PSD observations are interpolated across uand K,

Satellite anomalies are unexpected deviation in a satellite's operation, ranging from and averaged into L* and time bins to match the resolution of the simulation.

minor malfunctions to component damage or system failure. Anomalies can be caused

by environmental conditions like space weather (Koons et al., 1999). e
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Statistical Evaluation:

Internal Chargin
b Error and bias is quantified using the median symmetric accuracy

Energetic electrons ( > 100 keV) penetrate
the satellite surface and accumulate on
internal materials. Buildup of charges
eventually discharge.

Miscellaneous

MSA = 100 (exp (M(] log. (@) |) — 1)

DEMDT EEER L Ceqn 12 kg DEll DBz

o oo (0) o c .
Total Radiation Dose \ 12% 25% and signed symmetric percentage bias
Cumulative ionizing W= IO M K = TG A
radiation absorbed
over operational SSPB =100 sgn(M(log (€:)))(exp (M(|log (@) ) —1) Figure 1. (a) Simulated radiation belt PSD at 00UT on 10th Aug 2017 as a function
lifetime of L* over time for p = 700 MeV/G and K= 0.1 G°°R_ Middle: Corresponding PSD
where Q; is the ratio between the hindcast and observation (Morley et al,, 2018). observations taken by multi-mission dataset. Bottom: Percentage error of RBFMF

compared to observations |(f,_-f , )/f  |x 100.
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Single Event Upsets

Surface Charging 0 Cluster
<7 THEMIS

, Muljci-MeIV depi§itdengrgy Charge buildup (~ eV particles) on P

Inie midiee Eaneilie elides external satellite surfaces. oy S MM‘ ;
Electrostatic discharges due to internal spacecraft charging are a primary cause of VAP
satellite anomalies. SatCAT allows operators to monitor the real-time and long-term — s

effects of internal spacecraft charging due to radiation belt electrons.
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SatCAT User display output: Charge accumulation, Q, is shown over time for a Overall Performance (2016-2018)
defined orbit (GEQ) and difference levels of component shielding. VEO E VEO Ei GEO E d b I
rror ias rror GEO Bias O 1 1 0)
Ot uter radiation belt error was < 150%.
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> Error and bias depended strongly upon y, K, and L*:
PSD at high p (E > MeV) was biased toward underesti-
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2. The Radiation Belt Forecasting Model and Framework

‘o o o : mation by up to 150%, and PSD at low u (E < 300 keV)
(SR e was biased toward overestimation by up to 70%.
The Radiation Belt Forecasting Model and Framework (RBFMF) provides hourly hindcasts . . ,
(previous 8 days) and forecast (future 2 days) of the electron radiation environment in real Figure 2: MSA (error) and S5PB (bias) vetween 20162010 ies ittt SRR
t'.o Y y MEO (left) and GEO (right).
ime.

Diffusive modelling of the radiation belt is combined with real-time data inputs from GOES Storm-time Assesment

R g Cos peacon data, ptity gy R Iy >PSD at p < 500 MeV/G (E < 700 keV) was underestimated
during storm times - associated with substorm:s.

o]
=]
=]
o

Diffusion coefficients are modelled for wave-particle interactions with ULF (Brautingham &
Albert 2000), Lower-band chorus (Shprits et al., 2007; Li et al., 2007), and plasmaspheric hiss
(Spasojevic et al., 2015) waves.
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> PSD of equatorial electrons (K <0.1 G**R_) was overesti-
mated at GEO - associated with magnetopause loss.
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Kp index Figure 3: MSA and SSPB during geomagnetic storms occuring between 2016-2019.
l Storms are classified by Sym-H minima < -40 nT.

Pre-computed diffusion coefficients D]i]j

selected based upon Kp Influence of Assimilated Data
i MEO Error MEO Bias GEO Error GEO Bias
b Van Allen Prqbe becor) data greatly
Fokker-Plank diffusion Initial condition ( f¢-1) provided by 2 LE8 o £ 37 |nﬂ Uenced h|ndca5t b|aS
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data was tested against final science data.
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Simulated PSD evolution
Figure 4: MSA and SSPB of the Van Allen Probe-B beacon data compared to the final

Flux transformed to PSD i :
. oo dinates Van Allen Probe-B science data product.
(U, K L% — Data Assimilation using1D Kalman Filter
A | | Post Van Allen Probe Decomission (2019 - 2020)
PSD Forecast PSD Hindcast & Nowcast MEO Error MEO Do Figure 5: MSA and SSPB of the Prediction accuracy significantly decreased
i i 00 10-hour hindcast at compared to ]
3 W crsovservationsatmeoforthe  when real time Van Allen Probe data were
PSD transformed to Flux as a function of E, a, L-shell : H_ years 20719-2020. .
not available.
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Real-time electron flux observations Simulation Data Delivery to SatCAT 5. ConCI usion
GOES and Van Allen Probes.
fobs

Data assimilation substantially improved the
error and bias of radiation belt specification
but strongly influenced error and bias.

Test new models of diffusion
coefficients for Hiss, Chorus,
and ULF waves.

Radiation Belt

] Improve representation of storm
hindcasts were P P

The physics based model
time losses: EMIC wave scattering

must be improved now

" accurate within 150% real-time Van Allen Probe E:E/uelrlimrggs'lc through new diffusion coefficients
observations are no P and improving the dynamic outer
Read the Paper Contact: franceS.Stap|eS@|aSp.CO|OradO.edU at MEO and GEO |Onger available. simulation bOundary.
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