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“Physics” based versus data based forecast

First Principles based forecast
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The one day ahead forecasts of the
relativistic electron fluxes with
energies greater than 2 MeV at
GEO has been developed in
Sheffield and is available in real
time:

Ually Avelayod Cicelion rius 4@ e
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= 2 MeV Electron Flux, |'e|ectrons-'(cm25

22/03/2015 27M3/2015 01042015 0604/2015 11042015 16/04/2015 21042015
Date, (dd/mmayyyy)

Past 90 days

Daily Averaged Electron Flux at GEO
Measured (blue) Forecastired) for the last 90 days

o

=
]
°
b
<
s
i
=
[
o
10
T
»®
=]
o
c
2
ot
>
o

26/01/2015  0502/2015 15M02/2015 25022015 07/03/2015 17032015 27/03/2015 0604/2015  16/04/2015
Date, (dd/mmayyyy)

Past 200 days

Daily Averaged Electron Flux at GEO
Measured (blue) Forecast(red) for the last 200 days

lectro ns-'(cmzsr

= 2 MeV Electron Flux,

0&10v2014 28/10/2014 17411/2014 07/12/2014 274272014 1601/2015 05/02/2015 25022015 1703/2015 06042015



NOAA REFM Forecast

Relativistic Electron Forecast Model

Presented by the USAF and NOAA/ Space Weather Prediction Center

Relativistic Electron Forec
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The impact of high-energy (relativistic) electrons on orbiting satellites can cause electric discharges across internal satellite
components, which in turn leads to spacecraft upsets and/or complete satellite failures. The Relativistic Electron Forecast
Model predicts the occurrence of these electrons in geosynchronous orbit.

Plots and data are updated daily at 0010 UT. Dashed vertical lines indicate the last vertical value.

When the input parameters are not available, the forecast is not shown.

REFM Verification Plot and Model Documentation

1 to 3 Day Predictions (text file) and corresponding Performance Statistics.
Predictions created using data from the ACE spacecraft.

Historical electron particle data is archived at the
National Geophysical Data Center for Solar-Terrestrial Physics.

Visually impaired users may contact SWPC for assistance.
Please credit SWPC when using these images.

Space Weather Topics:
SWPC Home Alerts / Warnings, Space Weather Now, Today's Space Wx, Data and Products, About Us ,
Email Products, Space Wx Workshop , Education/Outreach, Disclaimer, Customer Services, Contact Us



Comparison of REFM and SNB3GEO Forecasts

(01.03.2012-03.07.2014) 2
Balikhin, Rodriguez,Boynton, Walker,Aryan, Sibeck, Billings (submitted to SW 2015) .
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Comparison of REFM and SNB3GEO Forecasts ~ #&a

Balikhin, Rodriguez, Boynton, Walker, Aryan, Sibeck Billings, submitted to SW 201@‘%@5 ot

Model Prediction |Correlation |Prediction |Correlation
Efficiency |Flux Efficiency |Log Flux
Flux Log Flux

REFM -1.31 0.73 0.70 0.85

SNB3GEO |0.63 0.82 0.77 0.89
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Comparison of REFM and SNB*GEO Forecasts

Table 2.

Table 3.

Contingency tables and Heidke skill scores for the REFM predictions.

Fluence (cm?sr~'day~') > 10° > 108 > 10°
REFM HSS 0.666 0.482 0.437
Observation: Yes No Yes No Yes No

Forecast
Yes 86 22 23 22 4 7
No 43 510 21 595 3 647

Contingency tables and Heidke skill scores for the SNB*GEO predictions.

Fluence (cm™2sr—'day~') > 10° > 105 > 10”
SNB*GEO HSS 0.738 0.634 0.612
Observation: Yes No Yes No Yes No
Forecast
Yes 106 33 31 19 4 2
No 23 499 13 598 3 652
S 2(xw — yz2)

:y2—|—22+2xw+(y—|—z)(x—|—w)
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relativistic electron fluxes with
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Extending SNB°GEO to lower energies
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Extending SNB°GEO to lower energies

30-50 keV e” Flux
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A10225

Lower Band Chorus
Wave Magnetic Field Intensity

MEREDITH ET AL.: GLOBAL MODEL OF WHISTLER MODE CHORUS

Latitude Coverage: —15° ( A, ( 15°
Field: Olson Pfitzer Quiet + IGRF
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Figure 2. Equatorial wave intensity of lower band chorus as a function of L*, MLT and geomagnetic
activity for each of the five satellites.
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Boundary conditions in the plasma sheet for

modeling of keV electrons

Previous studies [ Ganushkina et al., 2013, 2014]:

we set the model boundary at 10 R, and use the kappa electron distribution function.
Parameters of the kappa distribution function: number density » and temperature 7 in the
plasma sheet given by the empirical model derived from Geotail data by TMO03

Isyganenko and Mukai [2003]. The electron n is assumed to be the same as that for ions
in the TMO03 model, but Te/Ti = 0.2 1s taken into account (Wang et al., 2012).

Applying this model for boundary conditions has a number of limitations:

(1) Model was derived from Geotail data for ions (limited detector energy range <40keV).
(2) ratio Te/Ti can vary during disturbed conditions.

(3) at distances closer than 10 Re, the correlation between Ti and Te might not exist at all and

no certain ratio can be determined (Runov et al., 2015).



N electrons, THEMIS

Empirical model for plasma sheet electrons at 6-11 R,
based on THEMIS data: Performance
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Extending SNB°GEO to lower energies
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Extending SNB°GEO to lower energies
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EMW Spectral Observations & .

Most studies of the amplitudes of magnetosonic waves assume a continuous spectrum
and hence the validity of the quasi-linear theory

< Cluster Quicklook &—hour: Magnstic Fluctuations
(\esawm 2013-Q07-06 18:0

T,

- C
[ =
[ ]

Mag Fiald Magnetyic Field
f =z d8g  Strength, n
- B

.. “/:g;’m_.,_____. A et
g

Mag Fleld
P e deg

kH

g
fad
w
@
=
2
=
o

g
=
w

@
o
=

kHz

B '\\fu;'e Fr

Wave Fre

18:0D
2013-07-06
Lot Updated: Mon Jul 8 14:48:35 2013

o e e e e
T D e

—24:00

23:00

Bx Field
Arb. units

Y
Bx Fie

STA SC & S4 STA SC
Bx Field
Arb. units

00:0D
2013-07-07

hitpe/ fvmen cluster.rloc.uk/cad=wab,’

The figure shows an overview
of the STAFF spectrum analyser
observations on July 6, 2013.
Occurrences o Equatorial
magnetosonic waves are
indicated by the red circles.

The waves appear continuous in
frequency space. Thus, quasi-
linear theory 1s used to estimate
their effects on electron
acceleration and loss processes.



Balikhin, Shprits, Walker et al., Nature Comm, 2015




Balikhin, Shprits, Walker et al., Nature Comm, 2015
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Conclusion: wBe

1) Whenever a theory appears to you as the only possible one, take
this as a sign that you have neither understood the theory nor the
problem which it was intended to solve. (KP)

2) Data are the main source of progress in science and advanced
data analysis technique 1s important tool not only in temporal
validation of hypotheses but also to falsify=nullify them.

3) PROGRESS project is developing according to the proposed
schedule



