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1.To evaluate the accuracy of the radiation environmental modelling used as The 10-hour hindcast is validated against a dataset of PSD observations from 32 individu- @) RBFWF Modslied PSD —— Hindcast " 0000 Forecast >
input to the Satellite Charging Assesment Tool (SatCAT). al satellites from the Van Allen Probes, GOES, THEMIS, Cluster, MMS and GPS constella- l“

tion. :

2.Identify areas where the radiation belt model needs to be improved. *i
Mutli-Mission Observations: " Tohour Hindeadl
Observations are converted to adiabatic coordinates using the IGRF and Tsyganenko “os02 0803 0804 0805 0807 0808 0809 0810 0811 0812
(1989) field model, then intercalibrated at conjunctions in phase space with Van Allen _ (b) Mult-Mission PSD Observations

Motivation: Satel I ite Anoma Iy Attri bution Probe B and bias corrected GOES 15 data, which are chosen as “gold standard”. PSD ob- H 'S RAFEN

servations are interpolated across u and K, and averaged across L* and time to match the 1A n II|II AR Inl AR An
resolution of the simulation.

Satellite anomalies are unexpected malfunctions or deviation in a satellite's operation, caused by factors Statistical Evaluation: Soaoz a3 osoa 0805 eno o osny 082

such as hardware failure, software glitches, or environmental conditions like space weather. Anomalies The long term stistical error and bias is quantified using the median symmetric accuracy (c) Absoloute Percentage Error
range from minor malfunctions, to componant damage or system failure. (MSA) and signed symmetric percentage bias (SSPB), described by Morley et al. (2018),
where Q; isthe ratio between the hindcast and obervation.
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Miscellaneous .
Internal Charging MSA = 100 (exp (M(|log.(Q) ) — 1) 4 = 700 MeV/G, K = 0.1G05R

€. IEIELE ﬁe[d yariability. suplight, Energetic electrons ( > 100 keV) penetrate the satellite
atomic oxygen erosion, atmospheric drag \ surface and accumulate on internal materials. Buildup

of charges eventually discharge. Figure 1. (a) Simulated radiation belt PSD at 00UT on 10th Aug 2017 as a function of L* over time f
SSPB = 100 sen(M(lo , ex M(l 1o , —1 igure 1. (a) Simulated radiation be a on ug as a function of L* over time for
5 ( ( 5 (Ql)))( p ( (l 5 (Ql) D ) W= 700 MeV/G and K= 0.1 G*°R_(b) Corresponding PSD observations taken by multi-mission dataset.

Total Radiation Dose (c) Percentage error of RBFMF compared to observations |(f, -, )/f, |x 100.

The cumulative ionoizing radiaiton absorbed
by a satellite’s materials over its operational
lifetime
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Single Event Upsets
Extremely energetic particles (Multi-MeV)
depisit energy into microelectronic devices.

Surface Charging

Charge buildup (~ eV particles) on external satellite Cluster

surfaces can lead to electrostatic discharges. ’ THEMIS

— MMS
Environmental causes of satellite anomalies (Koons et al. 1999) ‘

Having the capability to attribute the cause of a satellite anomalies is crucial for implementing targeted s
corrective measures and enhancing future mission reliability. The Satellite Charging Assesment Tool (Sat- VAP
CAT) allows operators to monitor the real-time and longterm effects of interal spacecraft charging due to
radiation belt electrons, which is a primary cause of satellite anomalies. ‘ PS
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SatCAT display outputs: Charge accumulation, Q, is shown over time for user-defined orbits
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(GEO) and user-defined levels of component shielding. http://spacehaz.com/satcat.html
The outer radiation belt errors were < 150%.

Error and bias depended strongly upon y, K, and L*: PSD at high p (E >
MeV) was biased toward underestimation by up to 150%, and PSD at
low u (E < 300 keV) was biased toward overestimation by up to 70%.
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The Radiation Belt Forecasting Model and Framework
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L. . . . . Figure 2: MSA (error) and SSPB (bias) between 2016-2019 are plotted for the 10-hour hindcast at L* = 4.12 (left 2 panels) and L* =
The Radiation Belt Forecasting Model and Framework (RBFMF) provides hourly hindcasts (previous 8 days) 6.04 (right 2 panels), shown as function of pu and K.

and forecast (future 2 days) of the electron radiation environment in real time (see Figure 1a).

RBFMF combines diffusive modelling of the radiation belt with real-time data inputs from GOES and Van Storm-time Assesment

Allen Probe beacon data (which was a pre-processed version of the final science ready data products). PSD at p < 500 MeV/G (E < 700 keV) was underestimation at greater

rates during storm times. This was associated with substorm injections
which were not included in the model.
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Diffusion coefficients are modelled for wave-particle interactions with ULF (Brautingham & Albert 2000),
Low-band chorus (Shprits et al., 2007; Li et al., 2007), and plasmaspheric hiss (Spasojevic et al., 2015) waves.
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PSD of eqatorial electrons (K <0.1 G*°R_) was overestimated at L* =
6.04, suggesting outer loss processes were not well captured by the
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model.

Ko index Figure 3: MSA (error) and SSPB (bias) of the 10-hour hindcast are caluclated for geomagnetic storms occuring between 2016-2019.
g Storms are classified by Sym-H minima following a decrease from 15 nT to < -40 nT.
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Pre-computed diffusion coefficients D]l.]j .
selected based upon Kp Influence of Assimilated Data

'

PSD (f) evolution simulated by

Van Allen Probe data greatly influenced hindcast bias, shown by
matching relationships in bias when beacon data was tested against
final science data.
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Fokker-Plank diffusion Initial condition ( f-1) provided by 2 2
0 i »Z: 00 »Z: 00
of _ Z_(D”'ﬁ) . PSD nowcast from previous hour 25 o = =°
at  £adf;\ " 0J;
2 A 010 0 010
Simulated PSD evolution
Flux transformed to PSD Figure 4: MSA (error) and SSPB (bias) of the Van Allen Probe-B beacon data when compared to the final Van Allen Probe-B science
. . : : l data product between 2016-2019.
in adiabatic coordinates
(u, K L¥ > Data Assimilation using1D Kalman Filter
A | | Post Van Allen Probe Decomission (2019 - 2020)
: Figure5: MSA (error) and SSPB (bias) of the 10-hour hindcast Prediction accuracy decreased by an order of magitude at L* =4.12
b Ferect PSD Hindcast & Nowcast atL*=4.12is plotted as function of p and K for the years when real time Van Allen Probe data were not available. This highlights
R e e e mparingiiie the importance of observations through the whole radiation belt in
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PSD transformed to Flux as a function of E, a, L-shell

10-hour hindcast to GPS data. ) .
this data assimilative model.

We do not validate L* = 6.04 because real-time GOES data
asiimilated into the model is similarly proccessed to final GOES It is assumed that the hindcast retains high performatnce at L* = 6.04

test data. since GOES data continues to be assimilated.
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Real-time electron flux observations Simulation Data Delivery to SatCAT .
GOES and Van Allen Probes. CO“CIUS'O“

Data assimilation substantially improved the
error and bias of radiation belt spacification
but strongly influenced hindcast error and

Test new models of diffusion coefficients representing

bias.
Hiss, Chorus, and ULF waves (e.g., Agapitov et al., 2020,
Wong et al., 2024, Murphy et al., 2023).
The RBFMF hindcast , R ,
te to withi The highly simplistic physics based Improve representation of storm time losses:
was accurate to witnin delli tbei d that
a factor of 1.5 in the modeliing must be Improved now tha Future Model EMIC wave scattering through new diffusion coefficients
. real-timeVan Allen Probe observations - : :
. . : Development (e.g., Ross et al., 2020) and improving the dynamic outer
outer radiation belt are no longer available. simulation boundary (e.g., Bloch et al., 2021)
Contact: fastaples@atmos.ucla.edu . between 2016-2018
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