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1. Introduction

Solar active region flare forecasting has been a challenging task since space environmental forecasting
efforts began in 1962 [Lanzerotti et al., 2006]. Active region flare forecasting has evolved very little,
even with the advent of new instrumentation that allows an increasing better view of solar features.
Operational forecasters at NOAA SWPC still rely on the use of a look-up table coupled with climatology,
persistence, and forecaster know-how or expertise to create the daily probabilities. One way to evaluate
numerical models is to compare them to operational forecasts. The validation study presented here is
conducted to provide an operational standard (or baseline) for comparison.

The forecasts used in this effort were made available by staff at the Space Weather Prediction Center.
The dataset provided includes the subjective forecast for each active region visible daily for 24-hour, 48-
hour, and 72-hour intervals, as well as forecaster name. For the study presented here only the 24-hour
forecasts are validated. In the situation where the forecaster’s name was not listed in the dataset or a
forecast was not in the dataset (approximately 125 active region flare forecasts of the over 31,000
available forecasts), this information was gathered from the daily synoptic drawing available on the
National Geophysical Data Center’s website.

2. Forecast Validation Concepts

In order to do a proper validation of forecasting methods, relevant and robust metrics need to be selected.
The simplest measure to use is the Brier Score (BS) for probabilistic forecasts:
1
BS = -3y (P; — 0,)? [1]
where values found in P; are the forecaster issued probabilities or the probabilities found in the look-up
table with values between 0 and 1.0. The actual observation value found in O; is either 1 or 0, 0; = 1 if an

event was observed, and O; = 0 if an event was not observed. The Brier Score ranges from 0 to 1, and the
closer the result approaches 0 the more accurate the forecast [Brier, 1950].

Validation is also performed here using measures derived from contingency tables. Table 1, shows a
basic two-by-two contingency table. The value found in A is the total of where both the event was
forecasted and observed. The value in B is the count where the event was forecast, but not observed. C
contains the count when the event was not forecasted, however was observed. Lastly D includes the sum
of where the event was neither forecasted, nor observed. The appendix lists the various scores that will be
evaluated from the contingency tables.

Typically, a forecasted event or “yes” forecast in the contingency table is associated with a forecast
probability of >0.50. However, in the prediction of solar flare probabilities, it is necessary to adjust the
probability required for a “yes” forecast. According to Wilks (2006), there are two methods that are most
widely accepted operationally. Both methods require building two-by-two contingency tables at user-
defined increments of probabilities. Once the contingency tables are constructed the user computes
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values both for the bias and the critical success index (CSI) for each of the two-by-two contingency
tables. To select the probability threshold characterizing a “yes” event, the user must choose the
contingency table in which either the bias is closest to unity or the critical success index is maximized.
The critical success index approach is used here, since this method is most often used in the
meteorological community.

3. Validation of Subjective Forecasts

Before a forecaster issues their daily region flare forecasts, they have to analyze a great deal of data that
comes into the forecast center. Typically, at the most simple level an active region is classified using data
from the United States Air Force Solar Optical Observing Network (SOON). Observatories are located to
provide twenty-four hour coverage of the Sun. The data sent to SWPC, from each of the observing
stations, provides information on each active region such as: modified Zurich classification [McIntosh,
1990], magnetic classification [Smith et al., 1968], sunspot count, areal coverage, location (in both
hemispheric coordinates and Carrington coordinates), and areal extent. On a day where all of the
observing stations have clear seeing and no equipment issues, a forecaster will get reports from each of
the SOON observatories. The forecaster takes active region information from the observatories and
chooses the best report (or an average of them). From this generalized region classification the forecaster
assigns a probability based on the following considerations: the climatologically based lookup table with
flare probability as a function of modified Zurich class, flaring history, growth/decay in spot and areal
coverage of the active region, and lastly and probably most importantly a forecasters expertise.

Table 2 shows the Brier skill scores for solar cycle 23 for subjective forecasts and the look-up table
forecasts where flares were observed for the first six rows, an overall score is in the seventh and eighth
row combining regions where flares might or might not have been observed. The first column is all types
of active regions, columns two and three are broken down by magnetic complexity of the active region for
the day. For the subjective forecasts, overall the results are as expected, i.e., the forecast performance
was inversely related to region complexity.

An issue for any forecasting technique that requires intervention by an observer is the role of forecaster
expertise in the predictions. In order to study this, the forecasters were binned into three categories based
on their experience level. The first bin was chosen based on the least amount of experience a forecaster
would have. The second and third bins were based on the average experience level of the Space Weather
Prediction Center, accounting for forecasters with less than the average experience level, and those that
had more than the average level of experience. There were thirty-two forecasters that were with the
Space Weather Prediction Center during solar cycle 23, with an average experience level of
approximately eleven years. Table 3 shows that a difference in experience level seemed to have very
little effect on the Brier skill score.

Table 4 shows the contingency table for the subjective forecast probabilities broken down by X-ray
flaring class. For the subjective forecast probabilities there were over thirty-one thousand active region

2
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records, more than ninety-three thousand forecasts (split evenly between flaring event type) analyzed for
this study and summarized in Table 5. The bias was within several tenths of one in all cases for the
forecaster issued probabilities, indicating that X-ray events are forecast somewhat more often than they
are observed. As illustrated in Table 5, the critical success index (CSI) and equitable threat score (ETS)
are fairly closely related. CSI has a bias against rare events, such as X-class flares. ETS compensates for
climatology by using the term a,- that equates to the number of forecasts correct due to chance. As
expected the scores with relatively uncommon events are similar, and more common events have CSI and
ETS scores with greater differences. Probability of detection (POD) is not affected by false alarms, so
over-forecasting (forecasting more events) will result in higher POD scores approaching 1. For C-class
events roughly 5/8 of the observed events were predicted, and for X-class events roughly 1/2 of all
observed events were predicted. False Alarm Ratio (FAR) and Probability of False Detection (POFD) are
both sensitive to event climatology and do not consider missed events. POFD can be improved by
decreasing the number of “yes” forecasts to cut the amount of false alarms. According to the FAR 2/5 of
the forecasted C-Class events and roughly 3/5 of the forecasted M- and X-Class events, were in fact non-
events. POFD results indicate that, of all the forecast periods in which flares of their respective classes
did not occur, flare forecasts were issued in six, two, and less than one percent of them for C-, M-, and X-
classes respectively. Proportion Correct (PC) according to Wilks (2006) “does not distinguish between
correct forecasts of an event...and correct forecasts of the nonevent.” As the event gets rarer, such as X-
Class flares, as seen in Table 5, the PC improves approaching the perfect score of 1. This improvement
occurs due to the PC being so heavily biased by the correct forecast of the nonevent. Lastly the Heidke
Skill Score (HSS) computes the percentage of correct forecasts after the portion correct due to chance has
been removed. With this score as the event gets rarer, as seen in Table 5, the score decreases. Nearly
56% of the forecasts are found to be correct in the case of C-Class subjective forecasts, and the number of
correct forecasts decreases to almost 47% and 46% for M- and X-Class subjective forecasts respectively.

4. Validation of Look-up Table Forecasts

The flare climatology look-up table is used by operational forecasters as the starting point for assigning a
flare probability to an observed active region. To investigate the sensitivity of just this component to the
overall prediction process, we compared the Brier Score resulting from the flare probability indicated by
the look-up table. The results are shown by X-ray flare class in Table 2. The Brier Scores are most
noticeably different from the subjective forecasts when the active region is complex (has a delta
component to the magnetic class).

The contingency table statistics gives a different outlook of how the look-up table is performing. Table 6
shows the contingency tables for the look-up tables and Table 5 shows the calculated scores from these
contingency tables. Equitable Threat Score (ETS) was not calculated for the look-up table due to the
look-up table being a climatology based. ETS as stated earlier compensates for climatology so the values
calculated would not be valid. The Probability of False Detection (POFD) in the C- and M-Class flare
categories has the forecasters performing 49% and 57% better than the look-up table (0.059 and 0.022
respectively for the forecaster, and 0.115 and 0.051 for the look-up table). The Probability of Detection
(POD) has the forecasters performing 48% better than the look-up table at the X-Class flare category
(0.490 for the forecaster and 0.253 for the look-up table). Most notably of all the contingency table
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scores the Heidke Skill Score has the forecasters performing 67% better than the look-up table at the X-
Class flare category (0.455 for the forecasters and 0.151 for the look-up table).

5. Conclusions

For the period studied here, the 24-hour subjective forecasts issued by the Space Weather Prediction
Center forecasters are found to be better than the climatology-based look-up table overall. While the
Brier Score does not show marked improvement, unless the active region is complex, the contingency
table statistics show that there is a significant improvement over using the climatology based look-up
table. The False Alarm Rate (FAR) is reduced by 35% in subjective forecasting at the X-Class flaring
category when compared to the look-up table. The other important contingency table score to look
carefully at is the Probability of Detection (POD) which shows subjective forecasts perform 48% better
than the look-up table.
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Bias (B) = i%l; Range is 0 to 1, with 1 being a perfect score

Probability of Detection (POD) = A"ﬁ Range is 0 to 1, with 1 being a perfect score

Probability of False Detection (POFD) = % Range is 0 to 1, with 0 being a perfect score

A

Critical Success Index (CSI) =——

Range is 0 to 1, with 1 being a perfect score

Proportion Correct (PC) = ArD

——— Range is 0 to 1, with 1 being a perfect score
A+B+C+D

False Alarm Ratio (FAR) = ﬁ Range is 0 to 1, with 0 being a perfect score

Equitable Threat Score (ETS) = mf;% where a, = %

Range is % to 1, with 1 being a perfect forecast

2(AD—-BC)
[(A+C)(Cc+D)+ (A+B)(B+D)]

Heidke Skill Score (HSS) =

Range is - o to 1, with 1 being a perfect forecast. A negative HSS is indicative that a chance forecast is
better, and a 0 HSS is deemed an unskilled forecast.

Tables

Table Al: Two-by-Two Contingency Table

Event Observed

Yes No
Event Yes A B
Forecast No C D
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Table A2: Brier Skill Scores

IAll Region [Beta, Beta-Gamma, and [Beta-Delta, Gamma-Delta, and
Types Gamma Region Types  |Beta-Gamma-Delta Region Types

C-Class Flares Observed

A A2 1
Subjective Forecasts 0100 0-123 0183

C-Class Flares Observed Look-

111 .1 .1
up Table 0 0.139 0.193
M—C;las§ Flares Observed 0.031 0.034 0.190
Subjective Forecasts
M-Class Flares Observed

. .042 22
Look-up Table 0037 00 0-229
IX-Class Flares Observed 0.004 0.002 0.067

Subjective Forecasts

IX-Class Flares Observed Look-

0.005 0.003 0.080
up Table
Combined Flaring and Non- ) ) o, 54 0.147
flaring Subjective Forecasts
Combined Flaring and Non-
flaring 0051 0.061 0.167
Look-up Table

8
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Table A3: Brier Skill Scores for Subjective Forecast Probabilities by Years of Experience

< 3 Years > 3 and < 10 Years > 10 Years
Number of

17 6 9
IForecasters
C-C’lass. Flares Observed 0.103 0.102 0.008
Subjective Forecasts
M-Clas§ Flares Observed 0.033 0.025 0.031
Subjective Forecasts
X-Cllass. Flares Observed 0.004 0.004 0.004
Subjective Forecasts
Combined Flaring and ) 0.043 0.044
Non-flaring

Table A4: Contingency Tables for Subjective Forecast Probabilities by X-Ray Flare Class

C-Class
Yes Forecast Observed
>0.50

Yes | No
C-Class Yes 2476 | 1630

Forecast No 1458

25920

M-Class
Yes Forecast Observed
>0.35

Yes | No
M-Class Yes 511 | 685
Forecast No 406 | 29882

9

Yes Forecast
>0.25

X-Class Yes

X-Class
Observed

Yes

50

No

67

Forecast No
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Table A5: Contingency Table Statistics by X-Ray Flare Class

Bias CSI POD POFD PC FAR ETS HSS Records
Perfect Score 1 1 1 0 1 0 1 1
C-Class Flare
Subjective 1.043 0.445 0.629 0.059 0.902 | 0.397 | 0.389 | 0.560 | 31484
Forecasts
C-Class Flare
Predictions 1.099 0.366 0.563 0.115 0.829 | 0.488 | --- 0.431 21634
Look-up Table
M-Class Flare
Subjective 1.304 0.319 0.557 0.022 0.965 | 0.573 | 0.304 | 0.466 | 31484
Forecasts
M-Class Flare
Predictions 1.559 0.185 0.400 | 0.051 0.926 | 0.743 | --- 0.276 | 21634
Look-up Table
X-Class Flare
Subjective 1.147 0.296 0.490 | 0.002 0.996 | 0.573 | 0.294 | 0.455 | 31484
Forecasts
X-Class Flare
Predictions 2222 0085 |0253 |0.009 |0988 |088 |-— |0.151 |21634
Look-up Table
Table A6: Contingency Tables for Look-Up Table Probabilities by X-Ray Flare Class
C-Class M-Class X-Class
Yes Forecast Observed Yes Forecast Observed Yes Forecast Observed
>(0.25 >0.25 >0.15
Yes | No Yes | No Yes | No
C-Class Yes 2141 | 2042 M-Class Yes 362 | 1049 X-Class Yes 25 195
Forecast  —q0™ 1665 [ 15786 Forecast TGoT 543 [ 19680  Torecast TNoT 74 [ 21340
10
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