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Why Is Forecasting Solar Flares Important?

● Time-of-flight for impact = 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 (forecasting = best test of understanding)
● Statistical methods of forecasting rare events
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Substantial even short of extreme

1/12/16 10S. Mitchell / K. Schrijver1/12/16 10

• We conducted a study using public 
information  that reveals a general 
correlation between large but not 
extreme solar flares and disturbances in 
the U.S. electric grid; these disturbances 
have an impact of $5-8 billion a year on 
the GDP

10

from Mitchell & Schrijver,  2013 Space Weather Week.
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maybe...
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no



Q: What is a “solar flare”?

➢ A sudden, intense, release of magnetic  energy from the Sun.
➢ An impulse of Ultraviolet, X-ray, and high-energy particles and radiation.
➢ A reason to thank the Earth's magnetic field and atmosphere.
➢ A reason to think about our technology infrastructure and dependence.
➢  All of the above.All of the above.
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Q: What is a “solar flare” to a “forecast researcher”?
➢ A fairly rare event.
➢ With time-of-flight for impact = c.
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(1) Lots of historical examples of the Sun.



 (2) New data to compare to the historical data.....

?? X



?? X

Using....(3) A statistical method to evaluate the New Data as compared to the 
historical data.

Prediction!



Flare!

X

Correct
Prediction!

 (4) An evaluation of how well you did.
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(2) New data to compare to the historical data

(3) A statistical method to evaluate the New Data vs. Historical Data.

(4) An evaluation of how well you did.

● Physical quantities observed, data sources (resolution, sensitivity, 
cadence), sample sizes of events, image processing.

● Match historical sample?  Operational or Research?

● Correlations, Machine Learning, Neural Networks, [Non]-Parametric analysis.
● Probabalistic or categorical forecast.

● Metrics & Skill Scores: Accuracy, POD, FAR, Hanssen & Kuiper (“True”) 
Skill Statistic, Appleman Skill Score, Heidke Skill Score, Brier Skill Score, 
MSE, ROC plots, Reliability plots, etc.

● What are the considerations?
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Present Status:  Two basic approaches.

1) Pure Event Statistics.

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

➔ Use observed flare history 
to predict probable future 
flaring.



Present Status:  Two basic approaches.

2) Characterize the Sun and possible flare “source regions”
➔ Generally use solar photosphere images to parametrize 
characteristics.
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● Additional metrics and graphs are used to evaluate how “good” a 
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● Bias
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● Different metrics are more/less sensitive to sample sizes, prior 
population ratios, event rates, etc.
● All are useful, and all must be interpreted carefully. 
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Present Status:  How Well do Flare Forecasts work?
Answer #1: How do we measure success?
Common metrics answer different questions.
● Example: “Method X” predicts for the X flares.

● Method X gets a forecast correct 98% of the time.
● Unfortunately, these are very rare events: only occur in 1% of the data.
● Forecast actually performs worse than simply forecasting that no events 

ever occur  (Appleman Skill Score ≤ 0).
● So, “98% correct” is actually not a very good result.  

 



Difference  
in Brier SS is 
reflected in 
reliability 
plots.

Method 1 Method 2

True/H&K/Pierce metric: 0.43          0.42  ← similar 

Brier/MSE SS:       0.04    0.31  ← different 

● Best for science ⇇ ?? ⇉ Best for operations.
● Example:

● True/Hanssen & Kuiper/Pierce metric: measures the discrimination between 
probability of detection and false alarm rate (science).

● Brier/Mean Square Error Skill Score: measures the difference between 
forecast probability and event fequency (operations). 

Answer #2: Who is asking, and for what purpose?
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● Reported scores can be high.
● Many machine-learning methods optimize on TSS.  Reported TSS 

scores can be high (⩾0.5).
● But TSS does not take prior probabilities into account, which can 

be significantly unequal for rare events. 
● High TSS does not necessarily mean a good operational method.

● Reported Brier scores generally lower.
● Generally ⩽0.5, sometimes ⩽0.1 for large flares (rare events).
● Brier scores more applicable to operations (probabalistic forecasts).

(not yet final/published)



Answer #3: There is considerable room for improvement.
● Comparing methods is very difficult.

● Questions need to be posed very carefully.
● Evaluations need be calculated very carefully.
● Operations or Science?

● Some methods are better than others.
● Most are not significantly better than climatology.
● None should (yet) be called “great”.  



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

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

yes

no



We know “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.
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We know “Causes of Flares”:   
● Rapidly evolving.

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

High flare likelihood

Rapidly moving/rotating bipole;
Images cover ~1 hr...
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To flare, an active region likely to be large, complex, and quickly evolving.    
......   But what is the trigger?  

                                         But now?
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*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,  IV:  Yet these are rare events.

Probability Density Function of peak flare magnitude 
(1-8 Å, W m-2), showing relative frequencies of small 
vs. large flares.  From Wheatland 2005.



Small-number statistics
Are the samples in each plot drawn from different populations?

No obvious difference at this sample size.
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Why this is hard,  IV:  Yet these are rare events.

Probability Density Function of peak flare magnitude 
(1-8 Å, W m-2), showing relative frequencies of small 
vs. large flares.  From Wheatland 2005.

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.



Customer #1 wants:
● Basic situational awareness for       
   1—2 days out.
● Is very sensitive to any GPS         
disturbances.
● Simply implements “heightened 
awareness”: false alarms are not a 
problem, but missed events are a 
big problem. 

Customer #2 wants:
● “All-Clear” forecast for 12hr, 
starting in 6hr from forecast 
issuance for particular periods.
● Only large/powerful events are 
critical.
● False alarms are expensive, but 
missed events are catastrophic.

Why this is hard, V:   Different customer needs.



Solar Flare Forecasting: What is needed?

● Identifying trigger(s).
● Can we actually observe the triggers?
● Can we identify the parameter-space in which they are most 

likely to occur?
● New data/analysis approaches.

● especially if unique triggers are found, how do we identify 
them statistically?

● Thinking beyond surface magnetic field analysis.
● Thus far, no statistical approach is proving revolutionary.



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, simulations.
● New data analysis techniques.

Establishing infrastructure for systematic evaluation & 
method comparisons is:
● Crucial
● In progress* * (if interested, please see me).










