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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. 
 
Karl Raimund Popper   



Black box System 

System Identification Approach  
Analytical Approach Systems Approach 

€ 

S = L(x,x
•

,t)dt∫

dL =
∂L
∂xii

∑ dxi +
∂L

∂ x
•

i

d x
•

i

i
∑

€ 

S = L(x,x
•

,t)dt∫

dL =
∂L
∂xii

∑ dxi +
∂L

∂ x
•

i

d x
•

i

i
∑

Physical 
Knowledge  

Input Data Output Data First Principles 

Assumptions  

Knowledge of 
the System  



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.  

Past 90 days

Past 200 days

Past year

Space Systems Laboratory website http://ssg.group.shef.ac.uk/ssg2013/UOSSW/2MeV_EF.html

3 of 4 17/04/2015 09:41



NOAA REFM  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

 



Comparison of REFM and SNB3GEO Forecasts 
(01.03.2012-03.07.2014) 

Balikhin, Rodriguez,Boynton, Walker,Aryan, Sibeck, Billings (submitted to SW 2015) 
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Comparison of REFM and SNB3GEO Forecasts  
 Balikhin, Rodriguez, Boynton, Walker, Aryan, Sibeck Billings, submitted to SW  2015 
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Correlation 
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REFM -1.31 
 

0.73 
 

0.70 0.85 
 

SNB3GEO 0.63 
 

0.82 0.77 0.89 
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X - 26 BALIKHIN ET AL.: COMPARATIVE ANALYSIS

Table 1. A comparison of the prediction e�ciencies and correlations obtained by comparing

the forecasts of the> 2MeV electron flux and log10(Flux) from the REFM and SNB3GEO models

with measurements from the GOES-13 satellite.

Model PE Flux Correlation Flux PE log10 Flux Correlation log10 Flux
REFM -1.31 0.73 0.70 0.85

SNB3GEO 0.63 0.82 0.77 0.89

Table 2. Contingency tables and Heidke skill scores for the REFM predictions.

Fluence (cm�2sr�1day�1) > 108 > 108.5 > 109

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

Table 3. Contingency tables and Heidke skill scores for the SNB3GEO predictions.

Fluence (cm�2sr�1day�1) > 108 > 108.5 > 109

SNB3GEO 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

Figure 1. Scatter plots of (Left panel) REFM and (Right panel) SNB3GEO one-day predictions

vs. GOES-13 observations for the period of interest (March 2nd 2012-December 31st 2013). The

diagonal is the line of perfect correlation. The lower cuto↵ in the observations corresponds to an

instrument flux background of 10 1/(cm2 sr s).

D R A F T September 4, 2015, 4:03pm D R A F T

BALIKHIN ET AL.: COMPARATIVE ANALYSIS X - 11

measure [Heidke, 1926; Doswell et al., 1990; Balch, 2008]. The HSS is the ratio of the178

total number of correct predictions divided by the total number of observations, from both179

of which has been subtracted the expected number of correct forecasts by chance. Given180

w is the number of successful negative predictions, x is the number of successful positive181

predictions, y is the number of false negatives, and z is the number of false positives, the182

HSS is given by [Doswell et al., 1990]183

S =
2(xw � yz)

y

2 + z

2 + 2xw + (y + z)(x+ w)
(2)184

In the present study, a successful positive prediction is one in which the predicted daily185

fluence is above some threshold.186

4. Results

Table 1 displays the resulting values of prediction e�ciency PE and correlation187

calculated for the fluxes and their logarithms using the whole data set of fore-188

casts/measurements. With the exception of the prediction e�ciency for fluxes from189

REFM, all other parameters point to a very similar accuracy for the forecasts by the two190

models, with a marginally (⇡ 5� 10%) better accuracy in favour of SNB3GEO. The pre-191

diction e�ciency for fluxes from the REFM model has a negative value -1.2562, indicating192

it to be substantially worse than the forecasts by SNB3GEO which has a PE = 0.6313.193

The large di↵erence between the PEs for F2MeV

and log10(F2MeV

) requires some consid-194

eration of which is a better measure of model performance. The scatter plots for the two195

models are similar (Figure 1), with the somewhat greater scatter in the REFM results196

leading to slightly larger correlation values for SNB3GEO. The large di↵erences in PE for197

F2MeV

, especially the large negative PE for REFM, are dominated by the residuals due198

D R A F T September 4, 2015, 4:03pm D R A F T



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

Page 1 of 3http://www.ssg.group.shef.ac.uk/USSW/2MeV_EF.html

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

Page 2 of 3http://www.ssg.group.shef.ac.uk/USSW/2MeV_EF.html

Past 200 days

Past year



Extending SNB3GEO to lower energies 

Model Forecast 
Time 

(hours) 

PE (%) CC (%) Period 

40-50 keV 10 66.9 82.0 01.03.2013- 
28.02.2015 

50-100 keV 12 69.2 83.5 01.03.2013- 
28.02.2015 

100-200 keV 16 73.2 85.6 01.03.2013- 
28.02.2015 

200-350 keV 24 71.6 84.9 01.03.2013- 
28.02.2015 

350-300 keV 24 73.6 85.9 01.03.2013- 
28.02.2015 

> 800 keV 24 72.1 85.1 01.01.2011- 
28.02.2015 

> 2MeV 24 82.3 90.9 01.0.12011- 
28.02.2015 
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PROGRESS: wave models 
•  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

7 of 14
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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 RE and use the kappa electron distribution function.  
Parameters of the kappa distribution function: number density n and temperature T in the  
plasma sheet given by the empirical model derived from Geotail data by TM03 
Tsyganenko and Mukai [2003]. The electron n is assumed to be the same as that for ions  
in the TM03 model, but Te/Ti = 0.2 is 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).  



Empirical model for plasma sheet electrons at 6-11 Re 
based on THEMIS data: Performance 

Hot plasma  
carried by BBFs 
(substorm injections)? 



Extending SNB3GEO to lower energies 

Model Forecast 
Time 

(hours) 

PE (%) CC (%) Period 

40-50 keV 10 66.9 82.0 01.03.2013- 
28.02.2015 

50-100 keV 12 69.2 83.5 01.03.2013- 
28.02.2015 

100-200 keV 16 73.2 85.6 01.03.2013- 
28.02.2015 

200-350 keV 24 71.6 84.9 01.03.2013- 
28.02.2015 

350-300 keV 24 73.6 85.9 01.03.2013- 
28.02.2015 

> 800 keV 24 72.1 85.1 01.01.2011- 
28.02.2015 

> 2MeV 24 82.3 90.9 01.0.12011- 
28.02.2015 
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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 

The figure shows an overview 
of the STAFF spectrum analyser 
observations on July 6th, 2013. 
Occurrences o Equatorial 
magnetosonic waves are 
indicated by the red circles.  
 
The waves appear continuous in 
frequency space. Thus, quasi-
linear theory is 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 



Conclusion: 

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  is 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  


