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SOC Behavior: How Important is 
the State of the Dataset ? 



Lower left-hand corner: Artistic rendering of the cataclysmic variable star RS 
Ophiuchi, which exhibits a nova outburst about every 20 years. This binary 
system contains a white dwarf and a red giant with mass transfer (credit: PPARC, 
David A. Hardy). Lower right-hand corner: Satellite recording of tsunami waves 
produced by one of the 10 largest earthquakes, originating in North America 
(credit: NOAA). 

Upper left-hand corner: Solar 
flare of 2000 Nov. 9 observed in 
EUV with the TRACE spacecraft 
in 171 Å (credit: NASA, TRACE). 
Upper right-hand corner: Global 
image of the auroral oval 
observed by the Ultraviolet 
Imager (UVI) onboard the NASA 
satellite “Polar” (credit: NASA, 
Polar/UVI Team, George Parks) 



What do all these natural dynamic phenomena have in 
common? 

 

1. They cover a large range of temporal, as well as spatial 
scales. 

2. The most extreme events, known as “black swans” (Taleb 
2007), are of concern to society. 

3. There are large databases so that statistical approaches can 
be used for interpreting the data characterizing the 
phenomena. 

4. Size distributions (on log-scale) of parameters describing the 
phenomena (volumes, energies, etc.) cover many orders of 
magnitude. 

5. Powerlaw-like behavior has been found to be a universal 
characteristic of such phenomena. 



In summary,  
 

Phenomena that display “avalanche” behavior display in most 
instances powerlaw behavior.  

 

Does there exist a common “avalanche” signature? 

 

However,  
 

Each type of phenomenon is observed to have a range of 
powerlaw slope values as a function of the parameter 

describing it.  
 

The difference in value is also observed on measured 
parameters of the same type of “avalanche” suggesting that the 

slope may be detector dependent.  



OUTLINE 
 

PART 1. How sensitive is the slope value is 
in regard to the dataset being used?  
 

PART 2. Powerlaw scaling. 

• Have the largest events been observed? 

• What about the outliers that have been 
observed?  

 

PART 3. Discussion 



PART 1. How sensitive is the slope 
value is in regard to the dataset 
being used?  
 

 



• SEPs are protons, electrons & heavy ions, up to the iron mass (and 
even beyond) 
 

• Energy Range: dozen of keVs to a few GeVs 
 

• Temporal Range: Sporadic [minutes to days] 
 

• Very difficult to predict. 

Solar Energetic Particles [SEP] Events 



• Van Hollebeke et al. (1975), proton events have a powerlaw behavior with 
a slope of −1.15±0.05. 
 

• Cliver et al. (1991), peak differential fluxes of the proton events have a 
slope of −1.30±0.07, for the electrons it was −1.42±0.04. 
 

• Gabriel and Feynman (1996), powerlaw slopes range between −1.2 and 
−1.4 depending on the integral energy (>10, 30, 60 MeV) over three to four 
orders of magnitude in fluence.  
 

• Miroshnichenko et al. (2001) found that a subset of sudden storm 
commencement associated events have a double powerlaw distribution 
with two exponents (−1.00±0.04 and −1.53±0.03), whereas the overall 
distribution has a slope value of −1.37±0.05.  
 

• Gerontidou et al. (2002) and references in the above mentioned SEP event 
studies. 

SEP Frequency Distribution Studies 





SEPEM Reference Proton Dataset 
1973 – 2013 

(comprised of 10 reference energy channels exponentially distributed 
in range from 5 to 200 MeV) 

DATA PROCESSING 
 

STEP 1: Removing data spikes, correcting (or otherwise removing episodes) 
where problems such as saturation, pulse pile-up, contamination etc. occur, 
and filling in where possible data gaps (including gaps introduced by 
removing bad data).  
 
STEP 2: After correcting and completing the data, there still remained the 
issue of differences in the energy channels between different instruments, 
so the data cannot easily be combined. This required additional processing 
of the data: re-binning of the individual data point spectra into a reference 
energy spectrum, cross-calibration of the re-binned data, and merging of 
the individual datasets without overlaps in time.  



α = -1.284 ± 0.002  



α = -1.389 ± 0.007 



α = -1.587 ± 0.008  



[1.] As reported in the online “SWPC GOES readme file” (2007) and on the “SPIDR GOES  Data webpage”, 
the cutoff energy at geo-stationary orbit is typically of the order of several MeV, and therefore the P1 
proton channel response is primarily due to trapped protons of the outer zone of the magnetosphere.  
 

[2.] As reported in the online “SWPC GOES readme file” (2007),   
and on the “SPIDR GOES  Data webpage”, during moderate compressions of the magnetosphere, the P2 
proton channel may also ‘see’ magnetospherically trapped protons, while during extreme compressions 
(magnetopause crossings), GOES will find itself in the magnetosheath. 









α = -1.617 ± 0.012 (clean) 

 

α = -1.658 ± 0.016 (raw) 

288 datapoints per day 





α = -1.744 ± 0.015 (clean) 

 

α = -1.783 ± 0.016 (raw) 

 



105120 datapoints per year 
(datapoints “ne” NULL: 93159) 

α = -1.392  ± 0.002 (clean) 

 

α = -1.399 ± 0.002 (raw) 

 



  8.7 - 14.5 MeV H Flux 
 Year CLEAN DATA RAW DATA 

1989 -1.400 ± 0.002 -1.400 ± 0.002 

1991 -1.426 ± 0.002 -1.438 ± 0.002 

  4.2 - 8.7 MeV H Flux 
 Year CLEAN DATA RAW DATA 

1989 -1.377 ± 0.002 -1.379 ± 0.002 

1991 -1.392 ± 0.002 - 1.399 ± 0.002 



PART 2. Powerlaw scaling. 

• Have the largest events been 
observed? 

• What about the outliers that have 
been observed?  



Image courtesy of Ron Turner of ANSER and Robert C. Reedy of 
Los Alamos National Lab. 

Have we yet observed the largest solar 
energetic particle event ? 



Dragon-Kings 
 
Sornette (2009) developed the concept of the 
unexpected “dragon-kings” to describe this class 
of extreme events that are significantly larger 
than the extrapolation of the powerlaw scaling of 
their smaller counterparts. 



Image courtesy of Ron Turner of ANSER and Robert C. Reedy of Los Alamos National Lab. 

Earthquake magnitude distribution showing a powerlaw behavior over six decades. The graph 
follows log10 N(M > m) - bm, where b is the Gutenberg-Richter exponent b = 1 (dashed red 
line has a slope value of -0.95).  

Christensen et al. (2002) 



Cumulative number of earthquakes with magnitude greater than m as a function of m for the 
Parkfield earthquake cycle 1972 to 2009. The best-fit scaling is shown as the blue line. The m = 
5.95 Parkfield earthquake is shown as a “dragon-king” (identified as the red star).  

Sachs et al. (2012) 



Cumulative number of volcanic 
eruptions (Nc) during the 
period 1800-2002 with dense 
rock equivalent volume (VDRE) 
greater than VDRE as a function 
of VDRE.  

 

The best-fit powerlaw scaling is 
also shown along with the Toba 
eruption in Sumatra (identified 
as the red star) occurring 
73,500 +/� 500 years ago. 

 

 Sachs et al. (2012) 



PART 3. Discussion 
 

• Understanding the dataset is important 

• Are the data caveats clearly understood? Readme files are 
very important! 

 

• Sufficient statistics is important. 

• What is the time resolution of the phenomenon being 
studied?  

• Is the dynamic range of the phenomenon being studied 
sufficient?  

• Is the largest possible event based not only on observations 
but also on the ongoing physics (limit to the size of the 
phenomenon) known? 



 

 

• Why are there so many slope values in the 
literature?  

• Is this caused by the limit of the dataset being used or is 
this real? 

• Function of parameter (peak count rate, total duration, 
…); selection effects. 

• Function of instrument measuring the same parameter. 
 

• Is it always a powerlaw? What about powerlaws 
with exponential roll-overs? 

 

• Putting the statistical aspects and physics into the 
slope value. 

• What does the slope value mean? 


