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Online Forecasts – Sheffield GOES Model  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: 
 http://www.ssg.group.shef.ac.uk/
USSW/2MeV_EF.html.  
The PE for this model calculated 
for the period 14 April 2010  and 
12 April  2013  is equal to 0.786 

Past 90 days

Past 200 days

Past year

Space Systems Laboratory website http://ssg.group.shef.ac.uk/ssg2013/UOSSW/2MeV_EF.html
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Online Forecasts – Sheffield GOES Model  NOAA Forecast 01/05/2014 21:09Space Weather Prediction Center

Page 1 of 1http://www.swpc.noaa.gov/refm/index.html

NOAA / Space Weather Prediction Center
Relativistic Electron Forecast Model

Presented by the USAF and NOAA/ Space Weather Prediction Center

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.

   SWPC Home
Space Weather Topics:

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

 



Online Forecasts – Sheffield GOES Model  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: 
 http://www.ssg.group.shef.ac.uk/
USSW/2MeV_EF.html.  
The PE for this model calculated 
for the period 14 April 2010  and 
12 April  2013  is equal to 0.786 

01/05/2014 21:072 MeV Electron Flux
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Real time forecast of the >2 MeV electron flux at geosynchronous orbit

A Multi Input Single Output (MISO) NARMAX model is used to provide a two day ahead forecast of the electron flux. The inputs to the model are the
daily averaged solar wind parameters. It should be noted that the two day ahead forecast will change as more data is obtained for the current day.

Real time solar wind data from ACE and electron flux data from GOES 13, both provided by the Space Weather Prediction Center, are used to compute the
model output (red), which is compared to the measured electron flux (blue).

The electron flux value at a specific time is the average of the past day. For example, an electron flux value recorded at 04.05.2012 is the average electron
flux between 00:01 UTC 03.05.2012 and 00:00 UTC 04.05.2012.

The electron flux value forecast for two days ahead is calculated from input data averaged between 00:01 UTC and present hour on the current day. For
example, at 08:00 UTC 04.05.2012, the input value recorded for 05.05.2012 will be the average value between 00:01 UTC 04.05.2012 and 08:00 UTC
04.05.2012. This input value is updated every hour, as more data becomes available for the current day, until the end of the day when the input value is set.

Data gaps in the solar wind data are indicated by missing points in the figures.

Archive of the past years model predicted output in a tabular format.

Past 30 days

Prediction Efficiency for the past 30 days =

Past 90 days

Home Electron Flux Dst Index Archive Contact

01/05/2014 21:072 MeV Electron Flux
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Comparison of NOAA and SNB3GEO 
Forecasts (01.03.2012-03.07.2014) 

PE =1− 1
N

(Y (t)−Ym(t))2

var(Y )∑

Ccor =
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Comparison of NOAA and SNB3GEO 
Forecasts (01.03.2012-03.07.2014) 

Model Prediction 
Efficiency  

Correlation 

NOAA 68.39% 
 

84.73% 
 

SNB3GEO 78.88% 
 

89.75% 
 



Comparison of NOAA and SNB3GEO 
Forecasts (01.03.2012-03.07.2014) 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0.74

0.742

0.744

0.746

0.748

0.75

0.752

0.754

0.756

Threshold

PE

Log

 

 

10%
20%
30%
40%
50%
60%
70%
80%
90%
100%

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0.876

0.877

0.878

0.879

0.88

0.881

0.882

0.883

0.884

0.885

0.886

Threshold

C co
r

 

 

10%
20%
30%
40%
50%
60%
70%
80%
90%
100%



Problems of the “first principles” forecast 

•  Boundary conditions  

•  Statistical Wave models and physics of wave 
particle interaction 

•  Magnetopause Shadowing 



VNC=VERB-NARMAX Coupling  

I. Pakhotin, A. Drozdov, Yu. Shprits, M. Balikhin   

 



Problems of the “first principles” forecast 
•  Statistical Wave models and physics of wave particle interaction 

equatorial coverage is largely provided by DE1, CRRES,
Cluster 1 and THEMIS. Further out, in the region 5 < L* < 6,
the data comes mostly from CRRES, THEMIS and Double
Star TC1, and beyond L* = 6 the equatorial coverage is
largely provided by THEMIS and Double Star TC1. In
particular, the gap in the coverage in the region 4 < L* < 6
for 0800–1200 MLT in global wave models derived from
CRRES data [e.g., Meredith et al., 2001, 2003] is filled in,
primarily with data from Double Star TC1 and THEMIS.
The largest intensities, of the order 2000 pT2, are seen dur-
ing active conditions on the dawn-side.
[37] Figure 3 shows a comparison of the average intensity

of lower band chorus observed within !9" of the magnetic
equator during active conditions measured by each of the

satellites as a function of MLT for a selection of L* values
for, from bottom to top, L* = 5.5 ! 0.3, 6.5 ! 0.3 and
7.5 ! 0.3 respectively. In each case the data have been
smoothed by performing a running mean over 3 hours of
MLT. At L* = 7.5 (Figure 3, top) there is generally good
agreement, largely to within a factor of 3 or so, between the
THEMIS and Double Star TC1 data despite the average
intensities varying by almost two orders of magnitude with
MLT. Moving in, at L* = 6.5 (Figure 3, middle) there is
again good agreement, largely to within a factor of 3 or so
between the THEMIS and Double Star TC1 data between
0200 and 0800 MLT. The two Cluster 1 measurements also
show good agreement with the THEMIS and Double Star
TC1 data at 0500 and 0600 MLT. From 1000 to 1300 MLT

Figure 2. Equatorial wave intensity of lower band chorus as a function of L*, MLT and geomagnetic
activity for each of the five satellites.

MEREDITH ET AL.: GLOBAL MODEL OF WHISTLER MODE CHORUS A10225A10225
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Increase  
in 50% of storms 

Decrease 
In 25% of storms 

No change 
In 25% of storms 

Reeves, 2003 

Statistical independence of Bz 

[15] Thus, we find that only about half of all storms
produce a significant increase in relativistic electron fluxes.
We also find the somewhat surprising result that approx-
imately 1 in every 5 storms will decrease the fluxes by more
than a factor of 2. It is also interesting to note the
distribution of extreme changes. Six of the storms produced
increases of more than two orders of magnitude and one
produced an equally dramatic decrease.

3.2. Other Statistical Dependencies

[16] Are larger storms more likely to produce increases?
It is commonly assumed that they do. To test this assump-
tion we binned the 276 storms in our study according to
their minimum Dst. In Figure 4a we plot the cumulative
probability distribution as a function of the flux ratio (post/
pre) for each range of Dst. The cumulative probability is the
probability that the flux ratio will be less than a given value.
The maximum difference in the cumulative probability
curves, !, is marked in each plot and is a measure of
how different the probabilities are and S is a measure of
how likely it is that the difference is random.
[17] Figure 4a shows that the probability distributions for

all four curves are essentially identical. Therefore the
probability that the fluxes will increase (or decrease) by a
given amount is essentially independent of the minimum
value of Dst. Larger storms are not more likely to increase
the relativistic electron fluxes than smaller storms.
[18] Does the chance of an increase depend on L-shell? It

is relevant to ask if the results in section 3.1 based on

geosynchronous fluxes are representative of the radiation
belt response as a whole. We have performed a similar
analysis to the one presented here on electron fluxes
measured at different L-shells and we find that the results
are essentially independent where the electron fluxes are
measured.
[19] In this brief report we show only the cumulative

probability as a function of flux ratio for fluxes measured
by POLAR at L = 4, 5, 6, and 7 (Figure 4b). Each bin is
L = ±0.2 wide. The probability curves for L = 4, 5, and 6 are
nearly identical and only the L = 7 curve is significantly
different. Due to measurement uncertainties at high L values
is unclear at this stage whether the difference in the L = 7
curve is meaningful.
[20] The probability that a given storm will increase or

decrease the fluxes of relativistic electrons is essentially the
same whether the fluxes are measured at the heart of the
outer belt at L ! 4 or at geosynchronous orbit, L ! 6.6.
[21] Does high solar wind velocity produce more

increases? The relationship between high-speed solar wind
streams and increases in the relativistic electron fluxes in the
outer belts is probably the most widely known result
concerning the radiation belts. In Figure 4c we separate
the events according to the maximum solar wind velocity
observed during the event (which could occur either before
or after the storm main phase).
[22] There is a higher probability of increasing fluxes for

higher solar wind velocities than for lower velocities. The
maximum difference in the curves, !, is 31% which is very
unlikely to be random (S = 1%). We also see that through-
out the distributions the higher-velocity events produce
larger increases in flux.
[23] Nevertheless, both high-speed and low-speed solar

wind drivers can and do produce both increases and
decreases in flux. Approximately 25–35% of all events
produce no change or a decrease in fluxes regardless of
solar wind velocity.

Figure 3. Statistics of geosynchronous flux changes for
1989 through 2000. (A) Post-storm peak fluxes and pre-
storm peak fluxes are highly uncorrelated showing that the
radiation belts are not simply ‘‘pumped up’’ during
geomagnetic storms. (B) The distribution of the ratio of
post-storm to pre-storm fluxes.

Figure 4. Cumulative probability distributions for the
post- to pre-storm flux ratios binned by (A) minimum Dst,
(B) different L-shells, (C) solar wind velocity, and (D) phase
of the solar cycle. All show both increases and decreases in
flux for all values of each parameter.

REEVES ET AL.: ACCELERATION AND LOSS OF RELATIVISTIC ELECTRONS 36 - 3
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Forecast of the effects of magnetopause shadowing is the 
weakest point. We hope it will be rectified as the result of 
UMICH, Warwick and Sheffield effort.    


