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Why Important?

● Time-of-flight = c

● Space Assets (including humans)

● High-Altitude radiation exposure

● Ionospheric/Stratospheric effects: few minutes.

● Communications/Time/Location 

● Geomagnetic impacts

●  Association with CMEs/SEPs

● Science/Physics/Mathematics/Computer Science

● Basic physics (best test of understanding)

● Statistical methods of forecasting rare events.



  

“So a numerical modeler and a flare forecaster walk 
into a bar and ask...how do I get to a solar flare?” 

Modeler's view:Modeler's view:

Forecaster's view:Forecaster's view:
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Why this is hard,  I: we do not understand the physics.

“Causes of Flares”: 
● Larg(er) active regions are more flare productive.
● More magnetic energy  B2/8π

yes

no



“Causes of Flares”:   
● Non-potential, complex, active-region magnetic fields.
● Indicates significant “free magnetic energy” is available.

Photospheric Magnetic Field examples:
potential/simple                           non-potential/sheared/complex

Why this is hard,  I: we do not understand the physics.



“Causes of Flares”:   
● Non-potential, complex, active-region magnetic fields.
● Indicates significant “free magnetic energy” is available.

Coronal Loops vs. Potential Extrapolations:
potential/simple                           non-potential/sheared/complex

Shrijver et al 2005

Why this is hard,  I: we do not understand the physics.



“Causes of Flares”:   
● Rapidly evolving.

Why this is hard,  I: we do not understand the physics.

Low flare likelihood



“Causes of Flares”:   
● Rapidly evolving.

Why this is hard,  I: we do not understand the physics.

High flare likelihood



To flare, an active region must be “Big, Bad, and Angry”    
......   But what is the trigger?  

Why this is hard,  I: we do not understand the physics.
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To flare, an active region must be “Big, Bad, and Angry”    
......   But what is the trigger?  

Why not now  ...............but now??

Why this is hard,  I: we do not understand the physics.



Unlike Terrestrial Weather, 

Why this is hard,  II:  remote sensing.



*I think I'm fairly safe 
saying “never” here.

Why this is hard,  II:  remote sensing.

Unlike Terrestrial Weather,
we will never* get regular 
in-situ measurements 
from the Sun.  

This means all of our 
measurements (of field,
temperature, density, 
velocities) are indirect. 



maybe...

Why this is hard,  III:  Flaring and Flare-Quiet regions 
can be very similar, at any given moment.



Why this is hard,  III:  Flaring and Flare-Quiet regions 
can be very similar, at any given moment.

maybe...



Why this is hard,  IV:  Yet these are rare events.
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Why this is hard,  IV:  Yet these are rare events.

Modeling may help identify features for forecasting science to look for.

But until it is certain to be a deterministic system, and a unique trigger is 
known, large samples are required to develop any forecasting system.



Why this is hard, V:   Different customer needs.

● Requirements for Events 
(only large flares, only Geo-Effective SEPs, etc.)

● Required/Acceptable Forecast Windows, Latencies 

Forecast Valid Period
(eg 24hr)

{ Latency 
(e.g. 6hr)

Forecast-
required data 
acquisition

?
time time

 Data
 processing

Forecast 
Made (Time between forecast 

issuance and beginning 
of valid period.)



Why this is hard, V:   Different customer needs.

● Required/Acceptable Accuracy, False-Alarm, Missed-Event Rates

Goal:

             Predicted
            flare    quiet              
flare    all        0
quiet    0        all
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Reality:

O
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d              Predicted
            flare    quiet              
flare    some        >0
quiet    >0       some

What is acceptable?



Present Status:



Present Status:  Two basic approaches.

1) Event Statistics.

➔ Model flaring rate behavior 
(e.g., power law)

➔ Use observed flare history 
to predict probable future 
flaring.

➔ See Mike Wheatland's talk.



Present Status:  Two basic approaches.

2) Characterize the Sun, give results to statistical analysis.
➔ Generally use solar photosphere images to calculate parameters.
➔ Forecast based on training set.
➔ Statistical analysis: varies, from simple to very complex.
➔ Present-state forecasts available.



Critical Review:  Limitations

 1) Event Statistics:
 Most applicable to larger flares.
 Requires prior flares to predict future (no information on start of 

flaring activity).

2) Data Parametrization + statistical analysis
  Perform best when training sets are

Very large
Absolutely consistent with forecasts.

 Analysis methods as important as input data (and its handling).

 Present NOAA/SWPC flare forecasts essentially use a little of both.  
All current//in-development methods are essentially just 
refinements.

But important refinements.



Critical Review:  Evaluation.  
(This is hard.)

 Rare Events: High accuracy rates are easy!
Accuracy = (TP+TN)/N
Example: if X-flares only happen “climatologically” during 3% 
of observations, 97% “accuracy rate” means.....no forecast value.

 Only true way to evaluate performance is with 
Standardized Input Data
Standardized Event Lists
Standardized Forecasting Evaluation Intervals
Multiple Skill Scores 



NWRA Flare Forecasting Comparison Workshops

● Two workshops so far (2009, 2013).
● Different, but standardized datasets distributed
● Different, but standardized event lists generated.
● Participants open about their methods, sharing information, participating, 
and allowing their methods to be subjected to evaluation.

● 2009 results are being compiled now, 
● 2013 data are not complete, will come soon.

● Some interesting initial points thus found:  

See poster 10.07,
“The NWRA Flare-Forecast

 Comparison Workshops”
(it's the tall poster)



1) Different Skill Scores (there are many...) evaluate                            
different things.
● SSs are crucial to objectively evaluate performance. 
● Many based on ratios of entries in contingency table:  
● Some are more/less sensitive to differences in event ratios, sample 
sizes, and reference forecasts.

             Predicted
            flare    quiet         
flare    TP        FN
quiet    FP        TNO
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1) Different Skill Scores (there are many...) evaluate                            
different things.
● SSs are crucial to objectively evaluate performance. 
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Difference  
in Brier SS 
is  reflected 
in reliability 
plots.

Method 1 Method 2

True/HanssenKuiper/Pierce SS:  0.43          0.42  ← similar 

Brier/MSE SS:        0.04    0.31  ← different 



2) Standardized Data Sets: 
● Removes bias if method performance is only reported for select data.
●  If a method works well only on select, restricted data, operational use 
will be limited.

● Example: a method requires data from single ground-based observatory, 
available 06:00 – 12:00 UT, when sunny, except Sundays.

● Method reports high Skill Score for those special periods data.
● What happens Sunday night? 



2) Standardized Data Sets: 
● Removes bias if method performance is only reported for select data.
●  If a method works well only on select, restricted data, operational use 
will be limited.

Example:
Method 3 only produces a 
forecast within 30° of solar 
disk center, and only for 
certain kinds of regions, and 
only for strong (M1.0+) flares.

For that subset of data:
HK/P/T SS: 0.21 
Brier SS: 0.19

When “reference forecast” 
used to include all data in 
standard set:

HK/P/T SS: 0.07
Brier SS: 0.06



3) How the Sun is characterized matters:

Example:  Two parameters, Same Statistical Analysis.
Parameter #1   Parameter #2

HK/P/T SS:          0.41 0.00
Brier SS:                  0.31 0.05

4) The Statistical Method matters:

Example:  Same parameters, Different Statistical Analysis.
Analysis #1 Analysis #2

HK/P/T SS:          0.27 0.43
Brier SS:                  0.22 0.04



5) Surprisingly, multiple parameters + sophisticated 
computer-learning algorithms do not necessarily perform 
better than single variables and simpler statistical-methods.



6) Many methods perform fairly similarly, scoring 0.2—0.4 on a 
variety of skill-score tests, even for M5.0+ flare events.



7)  Somewhat higher Skill Scores (0.1 - 0.2dex) initially coming 
from 2nd workshop data and methods.
● Why?

●  Data?
●  Algorithm improvement?

●  (Find out next year....when we've analyzed it.)

8) Did you notice that none of these skill scores have error bars?
● That's hard, too.  
● Smaller sample sizes lead to (understandably) huge error bars.
● But it's do-able by various methods.  See talks on Friday.   



Summary
Forecasting solar flares is:

● Difficult 
● Important

Knowing whether a forecast is even any good is:
● Difficult
● Important

The state of forecasting solar flares is:
● Not perfect.

● Maybe not even very good.
● Getting better.
● Could improve greatly by direction from:

● Modelers.
● Coronal imaging.
● Helioseismology.

Establishing infrastructure for systematic evaluation is:
● Crucial
● Available and open for others to join. 
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