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Why do we do validation?

| use the term “validation” to mean evaluating a
model’s performance by comparing predictions to
observations

Also called “forecast verification” when comparing
real-time forecasts to observations

Understand how a model performs across the full
range of observed possibilities

* No event or typical state of the environment

 Small events with little or no impact

* Typical events that require increased situational awareness

* Large/extreme events with strong or severe impacts that
require a response

Develop intuition to interpret model output
* Informed use in making operational decisions
* Informed use for scientific interpretation




SEPVAL Community Validation Effort

* Ongoing effort since 2019 through
SHINE, ISWAT, ESWW

 Historical validation for 63 time
periods

* 33>10MeV, 10 pfu SEP events
* 30 non-event periods

* High-quality historical inputs
* M2M SWAO remeasured CMEs

* Stronger events that are relevant to
space radiation operations

* Balanced dataset (not
representative of climatology)

 Same for all models, enabling
cross-model comparisons

SEPVAL Dataset
https://zenodo.org/records/15555244
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SEPVAL Participants

SEPVAL Model

Method

Energy Channels (MeV)

Forecast Quantities

ADEPT 1hr, 6hr
COMESEP flare
COMESEP flare+CME
cRT+AE10
ENLIL+SEPMOD
Lavasa

MAG4

MagPy

MEMPSEP Mean, Median
MFLAMPA

PPS (SFS Update)
SAWS-ASPECS
SAWS-ASPECS electrons
SEPSAT

SEPSTER
SEPSTER2D
SPREAdJFAST
SPRINTS 0-24 hour
STAT

UMASEP-10
UMASEP-100
UNSPELL
ZEUS+iPATH

Empirical
Empirical
Empirical

ML
Physics-based
ML

Empirical
Empirical

ML
Physics-based
Empirical
Empirical, Physics-based
Empirical, Physics-based
Physics-based
Empirical
Empirical
Physics-based
ML
Physics-based
ML, Empirical
ML, Empirical
ML
Physics-based

>10
>10

>10

>10

>10,

>10

>10

>10

>10

>10, >30, >50,
>10, >100
>10, >100
>10, >100
>10, >100
>10, >30, >50,
>10, >30, >50,
>10, >30, >50,
>10, >30, >50,
>10, >30, >50,
>10

>100

>5

>10, >30, >50, >100

Time Profile
Probability, Peak
Probability, Peak
Probability

Time Profile

All Clear
Probability
Probability
Probability

Time Profile
Peak Flux
Probability, Time Profile
Probability, Time Profile
Time Profile
Peak Flux

Peak, Fluence
Time Profile
Probability, Peak
Time Profile
Peak, Start
Peak, Start
Probability

Time Profile

Sorted into two groups
according to inputs:
* Pre-eruptive
(magnetograms)

* Post-eruptive (flares,
CME, particles)

e 23 participating models

* Note that only half the
models predict for >100

MeV, a critical energy
range for SRAG

* STAT, SPREADFAST, and
MFLAMPA were not
included in the group

Table 4.3: Model approach, predicted energy channels, and forecasted quantities for models participating in the SEPVAL challenge metrics that follow

(in alphabetical order).




SEPVAL Binary All Clear Results

Post-eruptive Models

Percent
Correct

Hit
Rate

False
Alarm
Rate

False
Alarm
Ratio

=0 =0

Threat Heidke True
Score  Skill Skill
Score Statistic

Bias

Lavasa

SAWS-ASPECS CME (SOHO)
SAWS-ASPECS CME (SOHO) electrons
SAWS-ASPECS flare

SAWS-ASPECS flare + CME (SOHO)
SAWS-ASPECS flare + CME (SOHO) electrons
SAWS-ASPECS flare electrons
SEPMOD

SEPSAT

SEPSTER (Parker Spiral)

SEPSTER2D CME

SFS-Update

SPRINTS Post Eruptive 0-24 hrs
UMASEP-10

UNSPELL flare

ZEUS+iPATH_CME

Wide range of metrics
across models




SEPVAL All Clear Results
>10 MeV, 10 pfu for Post-Eruptive Models

“Best” depends on choice of metric
Chose to focus on the median value of the group to define state-of-the-art.

Ranked by
Model Heidke Skill Score
UMASEP-10 0.90
SAWS-ASPECS CME (SOHO) electrons 0.80
SAWS-ASPECS flare + CME (SOHO) electrons 0.66
SAWS-ASPECS flare electrons 0.58
Lavasa 0.58
ZEUS+iPATH_CME 0.50
SAWS-ASPECS CME (SOHO) 0.48

SEPSTER (Parker Spiral

0.48

Ranked by
False Alarm Ratio
Model f/(h+f)
UMASEP-10 0.03
SAWS-ASPECS CME (SOHO) electrons 0.07
SAWS-ASPECS flare electrons 0.14
ZEUS+IPATH_CME 0.17
ENLIL+SEPMOD 0.17
SAWS-ASPECS flare + CME (SOHO) electrons 0.20
SEPSTER (Parker Spiral) 0.20
Lavasa 0.22




SEPVAL Probability of Occurrence
>10 MeV, 10 pfu for Post-Eruptive Models

Brier Skill Ranked by
Model Brier Score Score Area Under ROC Curve
SAWS-ASPECS CME (SOHO) electrons 0.15 0.69 0.95
SAWS-ASPECS flare + CME (SOHO) electrons 0.11 0.75 0.93 : - SSME:EE::;%E
SAWS-ASPECS flare electrons 0.20 0.56 0.90 44 A - ﬂEﬂiiEEﬂZZLn
CRT+AE10 0.16 0.67 0.86 d ,// — zii]ﬁidsa:ost Eruptive 0-24 hrs
SAWS-ASPECS CME (SOHO) 0.18 0.63 0.84 : — LJ:TS;EEL:O flare
SAWS-ASPECS flare + CME (SOHO) 0.28 0.40 0.83 -=* Random Guess
COMESEP flare only 0.25 0.46 0.77 . 07 0%
UNSPELL flare 0.25 0.42 0.75 False Alarm Rate
SFS-Update (PPS Model) 0.26 0.43 0.74 Brier Score: 01487
MEMPSEP_Mean 0.20 0.49 0.74 / |
MEMPSEP_Median 0.23 0.40 0.72 >:47%
COMESEP flare+CME 0.23 0.51 0.72 o S 01751 ’ cRT AE10
SAWS-ASPECS flare 0.27 0.41 0.69

SPRINTS Post Eruptive 0-24 hrs 0.30 0.34 0.62

0.4 0.6
Probability of Occurrence




Log Error

Typical for peak flux to differ by more than an order of magnitude from observations.

SEPVAL SEP Max Peak Flux LE Distribution Histograms for >10 MeV

4

SEPVAL Maximum Flux Results
>10 MeV, 10 pfu for Post-Eruptive Models
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Models

ADEPT 1hr

COMESERP flare only

COMESERP flare+CME
SAWS-ASPECS CME 50%
SAWS-ASPECS CME 90%
SAWS-ASPECS CME electrons 50%
SAWS-ASPECS CME electrons 90%
SAWS-ASPECS CME + flare 50%
SAWS-ASPECS CME + flare 90%
SAWS-ASPECS CME + flare electrons 50%
SAWS-ASPECS CME + flare electrons 90%
SAWS-ASPECS flare 50%
SAWS-ASPECS flare 90%
SAWS-ASPECS flare electrons 50%
SAWS-ASPECS flare electrons 90%
SEPMOD

SEPSAT

SEPSTER (PS)

SEPSTER2D

SFS Update

UMASEP-10

ZEUS+iPATH_CME
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Peak Intensity Max (Max Flux) Correlation

102
Observations

10*
Observations

from event to event makes it very challenging to use model predictions for decision-making.

Pearsons Correlation

Coefficient: 0.553

Linear Regression
—— Slope: 0.669

y-intercept: 0.049
--- 1:1lLine

SEPSTER (PS)

Pearsons Correlation

Coefficient: 0.287

Linear Regression
—— Slope: 0.566

y-intercept: -0.005
-=-- 1:1Line

SEPMOD

The large spread in performance




SEPVAL Definition of State-of-the-Art

Historical, Balanced Dataset

SEPVAL Pre-eruptive Models SEPVAL Post-eruptive Models

Metrics >10 MeV  >10 MeV  >100 MeV  >100 MeV Metrics >10 MeV >10 MeV >100 MeV >100 MeV
Median Target Median Target Median Target Median Target

Quartile Quartile Quartile Quartile

All Clear All Clear

Percent Correct 0.55 0.56 Percent Correct 0.73 0.79 0.74 0.76
Hit Rate 0.58 0.67 Hit Rate 0.82 0.90 0.68 0.84
False Alarm Rate 0.46 0.27 False Alarm Rate 0.23 0.14 0.21 0.10
False Alarm Ratio 0.36 0.33 False Alarm Ratio 0.25 0.17 0.53 0.40

Threat Score 0.4 0.45 Threat Score 0.56 0.63 0.37 0.40
HSS 0.07 0.10 HSS 0.47 0.58 0.36 0.41

TSS 0.47 0.58 0.38 0.46
Probability

Brier Score 0.23 0.18 0.17 0.16

Brier Skill Score - - - -

Area Under the Curve 0.76 0.85 0.78 0.81
Onset Peak

Percent within a factor of 10 0.78 0.84 0.60 0.80

Percent within a factor of 2 0.33 0.35 0.33 0.45

Median Log Error 0.06 - —0.15 -

Median Absolute Log Error 0.94 0.44 0.89 0.61

Spearman Correlation 0.29 0.38 0.22 0.46

Maximum Flux
Percent within a factor of 10 0.76 0.88 0.5 0.77

. . P t withi fact f 2 0.33 0.41 0.14 0.40
First broad assessment of SEP model skill Modian Log Ertor 015 S o0

. . Median Absolute Log Error 0.86 0.57 0.96 0.61
BenChmark to qUICkly CheCk If a new mOdel Spearman Correlation 0.39 0.48 0.24 0.44
p refo rms b etter th an th € S E PVAL me d lan Table 8.4: SEPVAL state-of-the-art metrics for post-eruptive models derived from

Provided in Ch a pter 8 Of the teCh N iC al pa per SEPVAL median performance. Target quartile values indicate performance better
than 75% of models (when possible).

TSS 0.07 0.10
Probability
Brier Score 0.22 -
Brier Skill Score —0.003 - -
Area Under the Curve 0.56 - -

Table 8.3: SEPVAL state-of-the-art metrics for pre-eruptive models derived from
SEPVAL median performance. Target quartile values indicate performance better
than 75% of models. There are only three >10 MeV Probability models, therefore
a target quartile cannot be calculated. No pre-eruptive models forecast for >100
MeV or peak flux at any energy.




SEPVAL Takeaways

 SEP models have some skill and can generally discriminate between
conditions that do and do not lead to SEP events

* “Best” model depends on the choice of metric
* Post-eruptive models have much higher skill than pre-eruptive models
* The median False Alarm Ratio for SEPVAL ranges from 0.03 - 0.46

* 3% - 46% of “yes” forecasts are false alarms for a balanced dataset

* This feels like reasonable performance if these rates were to translate to real-time
forecasting...

* The poor correlation and large spread in peak flux predictions indicate that
models do not reproduce event-to-event variability

* SEP models as a whole are lacking >100 MeV predictions and demonstrate
lower skill at this energy range that is important to SRAG
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Are SEPVAL Results Representative of Real-
time Forecasting Skill?

It is important to validate models in a real-time forecasting environment.

UMASEP-10 SEPVAL UMASEP-10 SEP Scoreboard

Peak Intensity Correlation Peak Intensity Correlation

Pearsons Correlation Pearsons Correlation
® Coefficient: 0.854 ®  Coefficient: 0.141
Linear Regression Linear Regression
—— Slope: 0.666 —— Slope: 0.111
y-intercept: 0.837 y-intercept: 1.200
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SEP Scoreboards Timeline

2018

* Integrated Solar Energetic Particle Alert/Warning System (ISEP)
collaboration established between SRAG and CCMC

* SEP Scoreboard planning and development begins

* ”"Mature” SEP models identified for first round of R2Z02R
development and onboarding to SEP Scoreboards

* 2020

« M2M SWADO established, joins ISEP, provides human-in-the-loop
support for the SEP Scoreboards

e March 2020 first models onboarded to the SEP Scoreboards and
begin forecasting in real time

e 2026:

* NASA Technical Paper with first validation results for 10 models:
Whitman, K., et al., Validation of Solar Energetic Particle
Forecasting Models for Space Radiation Operations with SPHINX
and VIVID. NASA/TP-20260000463 (2026)




Automated Validation Pipeline

Weekly cadence Generates reports

i

Updates all metrics  Populates database




Validation Reports

HTML reports generated for each model every time HTML reports generated and emailed monthly for the
SPHINX runs summary period, years-to-date, and all time

COMESEP flare only Validation Report MailSPHINX RepO

Report Generation Time: 2024-10-02 16:17 (all UTC)
Evaluation Period: 2024-05-01 0000 to 05-15 00:00
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VIVID

https://ccmc.gsfc.nasa.gov/vivid/

D | S p l ays S E P SC ore b 03 rd (1 VIVID validation In Visually Interactive Displays

validation results produced
by SPHINX

Users can filter by any
quantity or trigger

Allows cross-model
comparison for the same set ®
of SEP events

Metrics are recalculated
based on the filtered subset
of predictions and events

SEPSTER (PS)

30 MeV
50 MeV
100 MeV

Quantity
All-clear
False Predicted
False Observed
Probability

g 5

0
Duration
0

0
Fluence
1.0E5
1.0E5

k Intensity

Max Intensity
1062
1.0E-2 el
Start Time

End Time
Onset Peak Time

Max Time
Date Range

Trigger

CME Latitude
-90

CME Longitude
0 [
CME Speed
1003

CME Half Width
0

Flare Latitude
-90

Flare Longitude
-180

Flare Intensity
1067

Match Status

Match Statuses to Exclude

»

True
True

168
188

10EM
1.0EM

1.0e4
1.0E4

1.0E4.
1.0E4

80

180

10E-2

ROC Curve e O = Reliability Diagram el Continuous Metrics 10 MeV Onset Peak Intensity o =
METRIC ABBR VALUE
Mean Error ME -495
Median Error MedE -9.95
Mean Absolute Error MAE 323.32
Catalog Catalog
Median Absolute Error MedAE 32.44

Energy Energy
Any Probabilistic Quantity Any Probabilistic Quantity Moo Log Betar Medl= iy
Mean Absolute Log Error MALE 0.64
Median Absolute Log Error MedALE 0.38
Mean Percent Error MPE 2.32
Box Plot Continuous Quantity Distribution ol k\/ = Scatter Plot Continuous Quantity Correlation o o Q =

ASPECS (24hr 90) IPATH (CME) IPATH (Flare) A 5 ASPECS (24hr 90) IPATH (CME) IPATH (Flare)
) SEPSTER (PS)  SEPSTER (WSA-ENLIL) SEPSTER (PS)  SEPSTER (WSA-ENLIL)

ASPECS (24hr 90) IPATH (CME)
£R2D

IPATH {Flare)

SEPSTER (PS)  SEPSTER {WSA-ENLIL)

1E-2 e :
<iade S AR A A AR S s Observed Onset Peak Intensity (pfu) "
Model-Observation Pair HE-2 HE-1 1EQ “E1 E2 “E3 1E4 15 Model
CDF Plot Metric Cumulative Distribution ZU: (\) E Scatter Plot Metric Distribution vs Quantity H \ E Scatter Plot Metric Distribution vs Trigger ;D; { E
ASPECS 50)  ASPECS (24hr 90)  IPATH (CME)  IPATH (Flare) SEPSTER (PS)

ASPECS (24hr 90) IPATH (CME) IPATH (Flare) IPATH (CME) IPATH (Flare) SEPMOD

SEPMOD

SEPSTER (PS)  SEPSTER (WSA-ENLIL)

8

D SEPSTER(PS)  SEPSTER (WSA-ENLIL) SEPSTER (WSA-ENLIL)




SEP Scoreboards Dataset and Models
Climatological, Imbalanced Dataset

* March 2020 to December 2024 * 11 models
37 SEP events, >10 MeV, 10 pfu « SWPC as a model:
* 9energetic SEP events, >100 MeV, 1 pfu

* 1 Day (pre-eruptive)
* True climatology, highly imbalanced « Warnings (post-eruptive)

NASA/TP-20260000463
SEP Scoreboard Model Forecast Quantities

SWPC Day 1 Human Forecaster >10, >100 Probability

SWPC Warning Human Forecaster >10, >100 All Clear

MAG4 LOS FEr Empirical >10 Probability

MAG4 LOSr Empirical >10 Probability

MAG4 SHARP FE Empirical >10 Probability

MAG4 SHARP HMI Empirical >10 Probability

MAG4 SHARP Empirical >10 Probability

MagPy Empirical >10 Probability

GSU ML >10 Probability

SAWS-ASPECS Empirical, Physics-based | >10, >30, >100, >300 | Probability, Time Profile
SPRINTS ML >10, >30, >50, >100 Probability, Peak

SEPSTER Empirical >10, >30, >50, >100 Peak Flux

SEPSTER2D Empirical >10, >30, >50, >100 Peak, Fluence

ZEUS+iPATH Physics-based >10, >30, >50, >100 Time Profile

ENLIL+SEPMOD Physics-based >10, >30, >50, >100 Time Profile
UMASEP-10,-30,-50,-100 | ML, Empirical >10, >30, >50, >100 Max in prediction window, Start
UMASEP-500 ML, Empirical >500 Peak, Start

HESPERIA REIeASE Empirical 15.8-39.8, 28.2-50.1 Flux in 30, 60, 90 minutes

Validation of Solar Energetic Particle
Forecasting Models for Space
Radiation Operations with SPHINX

and VIVID

Kathryn Whitman
KBR, Houston, TX

Ricky Egeland
NASA Johnson Space Center, Houston, TX

Clayton Allison
Leidos, Houston, TX
Philip Quinn

Leidos, Houston, TX

Table 4.6: Model approach, predicted energy channels, and forecasted quantities for models forecasting in real time on the SEP https://ntrs.nasa.gov/citations/20260000463

Scoreboards (in order discussed in this report).



https://ntrs.nasa.gov/citations/20260000463

SEP Scoreboards Model Coverage

 Each model has a different evaluation time period and climatology
* Each model has a different cadence: pre-eruptive and post-eruptive

* Millions of forecasts have been submitted to the SEP Scoreboards (~150,000/month)
 SPHINX manages forecast revisions, duplicates, and corrupt or incomplete forecasts

HESPERIA REIeASE
UMASEP

SEPSTER
SEPSTER2D

MAG4
ENLIL+SEPMOD
SPRINTS

SAWS-ASPECS
GSU

ZEUS+IPATH CME
MagPy




Validation of the Real-time System

e SEP Scoreboard validation metrics reflect:

* Availability and quality of real-time measurements (data gaps, data latency)
* Underlying model approach
* SEP Scoreboard system as a whole

SWPC >10 MeV Proton Alert 08:17
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SEPSTER Results
SEP Scoreboard vs SEPVAL

SEPSTER, SEPVAL Scoreboard * Numerical values of skill Scores for

All Clear >10 MeV > 100 MeV > 10 MeV > 100 MeV SEPVAL (balanced) and SEP
(N=61) (N=62) (N=3763) (N =3067) Scoreboards (highly imbalanced)
Percent Correct 0.74 0.82 0.98 0.992 cannot be compared

Hit Rate 0.65 0.44 0.62 0.08
False Alarm Rate 0.17 0.043 0.018 IR ° Some scores are overwhelmed by

False Alarm Ratio 0.20 0.22 0.64 0.93 correct negatives (Percent Correct,

Bias 0.81 0.44 1.74 1.17 False Alarm Rate, TSS)
Threat Score 0.56 0.39 0.29 0.04

HSS 0.48 0.46 0.44 0.07 e Some scores are more sensitive to
TSS 0.48 0.39 0.60 0.08 hits and false alarms (Hit Rate, False
Alarm Ratio, Threat Score, HSS)

e SRAG needs false alarms to be

Table 6.42: SEPSTER (Parker Spiral) All Clear metrics.

* Percent Correctis very high due to correct negatives, (h+c)/N minimized while retaining hits, so
* Hit Rate remains consistent for >10 MeV, h/(h+m) important to use scores sensitive to
* Hit Rate significantly lower for >100 MeV false alarms

* False Alarm Rate goes down significantly, f/(f+c)
* False Alarm Ratio increases significantly, f/(f+h)



SEPSTER Results
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SEP Scoreboard Validation Caveat

sass  Community Coordinated Modeling Center a

( ] S E P S c o re b 0 a rd m et ri c S Wi ll About v  Models v  Simulation Services v Validation v Community Support v Space Weather v  Tools v
change compared to the NASA

CLEAR SEP Benchmark Dataset v2.0

Te c h n I c a l R e p 0 rt Core SEP event lists, supporting products, and documentation for the CLEAR benchmark dataset. c L EAR

SEP events identified above operational thresholds for >10, >100, >30, and >50 MeV and above GOES detector background. The
lists contain values from the primary GOES spacecraft at the time of the SEP event.
* SPHINX has been upgraded to
. . Core Products Code & Provenance
p rOVI d e e r ro r b a rS 0 n t h e m et rl C S Operational List The CLEAR benchmark lists and supporting products are

generated using the fetchsep tools (idsep/opsep) for
Integral GOES fluxes as-is from NOAA archives; primary list for model development and validation against

historical operational values (GOES-06 to GOES-19, Jan 1986-Sep 2025).

[ J S P H I N X h a S b e e n u p d ate d to u S e B GOES_integral_PRIMARY.1986-02-03.2025-09-10_sep_events.csv [1.94 MB] © fetchsep code repository (GitHub)

© CLEAR Benchmark v2.0 tagged release

identifying SEP elevations and analyzing individual events.

Energy-bin Calibrated List

k n OW n S E P M E a n d f l a r e Differential, background-subtracted, cross-calibrated GOES fluxes for science and dosimetry studies; integral For now this page highlights the two primary CvLEAR _SEP lists
9 C 9 fluxes estimated from calibrated channels (GOES-13 and GOES-15, 2010-2020). and the full dataset. Future updates may add direct links
between individual rows and the key plots generated for each
B GOES_differential_energy_bin_calibrated_PRIMARY.2010-08-02.2017-09-20_sep_events.csv event.

associations o
* Upgrades to FetchSEP to generate the Bvent Definitions  Number of Bvents  With Associations

. ). 263
CLEAR SEP Dataset enabled this SRS %
ca pa b i llty | N S P H I N X >100.0 MeV above background
>30.0 MeV 1.0 pfu
).0 MeV above background
1.0 pfu
>50.0 N above background 2 27

Table 1: Number of SEP events per event definition in the Operational SEP List in the CLEAR SEP
Benchmark Dataset Version 2.0.

https://ccmc.gsfc.nasa.gov/swxcoe/clear/benchmark.php



https://ccmc.gsfc.nasa.gov/swxcoe/clear/benchmark.php

SEP Scoreboard Takeaways

 Best All Clear
« UMASEP-10: Hit Rate = 69%, False Alarm Ratio = 63%, HSS = 0.46
 SEPSTER: Hit Rate = 62%, False Alarm Ratio = 64%, HSS = 0.44

e HESPERIA REleASE SOHO-60 min (15.8-39.8 MeV) to GOES >10 MeV, 10 pfu:
Hit Rate = 88%, False Alarm Ratio = 42%, and HSS = 0.70.

* Model skill and availability (AWT) not yet sufficient for operational use
* State-of the-art performance for real-time forecasting is provided in the NASA TP
and attached as an Appendix to this presentation

SRAG proposes a new skill score called False Alarm Event Ratio (FAER), pronounced
“fear”, defined as:
FAER= false alarms/(hits + misses)

This ratio represents the number of false alarms compared to the number of observed SEP
events and has a simple intuitive utility as models with high FAER are impossible to trust. A
goal of FAER <=1 provides a constraint on the False Alarm Rate and Ratio.

UMASEP FAER =1.17 (3.84 raw), SEPSTER FAER = 1.11, REleASE FAER = 0.62



Back Ups



Commonly Confused or Abused Words

* Validation versus Verification - used in opposite senses in different communities
* Is the software or system is working as expected?
* Does the output represent reality (observations)?

* |use the term “validation” to mean evaluating a model’s performance by comparing predictions to
observations

 Forthe SEP Scoreboards, which collect forecasts in real time, the term “forecast verification” is
used in the meteorological community (I will still say validation)
e Operational

* Operations requires rigorous methodologies, workflows, and systems which depend on safety
margins, fallbacks, and redundancy and is supported 24/7

* Amodelis operationalifit achieves RL 9 - fully validated, tested, demonstrated to be robust, and
running in an operational environment using operational inputs (or inputs that have been deemed
by the user to have an acceptable level of reliability)

e Real time

* Amodelrunsinrealtime ifitis a fully automated system that uses inputs that are available in real
time



SEPVAL Timeline

 SHINE 2018
« CCMC and SWPC SEP validation challenge at SHINE

SHINE 2019 and ISWAT 2020
* SHINE challenge expanded to 9 SEP events
* First prototype of FetchSEP to prepare observed SEP values

2021

* Begin development on SEP validation prototype

SHINE 2022 and ISWAT 2022

* Add 14 non-event periods to test for false alarms
https://helioshine.org/sep-model-validation-challenge/
https://ccmc.gsfc.nasa.gov/assessment/topics/SEP/campaign2020.php

 SEPVAL 2023: mInI-ISWAT, ESWW 2023 Validation of Solar Energetic Particle
* Extend challenge to 33 SEP events and 30 non-events (SEPVAL Dataset) Forecasting Models for Space
https://zenodo.org/records/15555244 Radiation Operations with SPHINX
* Begin development of SPHINX https://github.com/ktindiana/sphinxval and VIVID
° Begin development of VIVID https://ccme.gsfc.nasa.gov/vivid/
« 2026

 Whitman et al. (2026). Validation of Solar Energetic Particle Forecastin

Models for Space Radiation Operations with SPHINX and VIVID. NASA ﬁTRS.
https://ntrs.nasa.gov/citations/20260000463



https://helioshine.org/sep-model-validation-challenge/
https://helioshine.org/sep-model-validation-challenge/
https://helioshine.org/sep-model-validation-challenge/
https://helioshine.org/sep-model-validation-challenge/
https://helioshine.org/sep-model-validation-challenge/
https://helioshine.org/sep-model-validation-challenge/
https://helioshine.org/sep-model-validation-challenge/
https://ccmc.gsfc.nasa.gov/assessment/topics/SEP/campaign2020.php
https://zenodo.org/records/15555244
https://github.com/ktindiana/sphinxval
https://ccmc.gsfc.nasa.gov/vivid/
https://ntrs.nasa.gov/citations/20260000463

SEP Scoreboard Maximum Flux Forecasts

Scoreboard SEP Max Peak Flux LE Distribution Histograms for >10 MeV

* Errorinforecasts up to 2 orders
of magnitude

* Models do not capture event-to-

event variability
- SEPMOD e Too unreliable to use for
SEPSTER (WE decision-making
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Figure 5.40: Summary histograms of SEP Scoreboard Max Flux log error for fore-
casts associated with >10 MeV integral proton flux with 10 pfu flux threshold.
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SEPVAL Event Set

* Both SEP event and non-event time periods were associated with strong flares and fast CMEs

e Can models discriminate between conditions that lead to SEP events and those that don’t?

SEPVAL Non-Events SEPVAL Non-Events

EEl SEPVAL Events HEEm SEPVAL Events

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 ‘IO_5 10
CME Speed [km s7"] Flare Magnitude [W m™?]

-4




SEPVAL Maximum Flux Results
>10 MeV, 10 pfu for Post-Eruptive Models

Pearson Spearman Ranked by

Correlation | Correlation Median Absolute

Coefficient | Coefficient | Median Log | Mean Absolute Log Error Root Mean Square
Model (Log) (Linear) |Error (MedLE) Log Error (MALE) (MedALE) Log Error (RMSLE)
UMASEP-10 0.89 0.88 0.01 0.28 0.26 0.36
COMESEP flare only 0.42 0.42 -0.13 0.54 0.27 0.77
ADEPT-AFRL 1hr 0.19 0.33 -0.06 0.56 0.30 0.90
COMESEP flare+CME 0.40 0.34 -0.17 0.57 0.43 0.74
SEPSTER2D CME 0.58 0.59 -0.04 0.59 0.50 0.77
SEPSAT 0.34 0.33 -0.09 0.70 0.56 0.89
SFS-Update 0.41 0.42 -0.38 0.66 0.57 0.90
ZEUS+iPATH_CME 0.07 0.24 -0.22 1.34 0.77 2.17
ENLIL+SEPMOD 0.29 0.32 -0.60 1.23 0.79 1.71
SEPSTER (Parker Spiral 0.55 0.51 -0.71 0.81 0.81 1.01




How have the SEPVAL results
been used?



SAWS-ASPECS Systematic Study with SEPVAL

>100 MeV SAWS-ASPECS CME (CACTUSH1)
f SAWS-ASPECS CME (CACTUS2)
SAWS-ASPECS CME (M2M)

SAWS-ASPECS CME (SOHO) * Multiple versions of their

SAWS-ASPECS flare + CME (CACTUS1)

SAWS-ASPECS flare + CME (CACTUS2) mo d e l u Si N g d |ffe rent

SAWS-ASPECS flare + CME (M2M)

SAWS-ASPECS flare + CME (SOHO) com b| n atio ns Of in puts

SAWS-ASPECS flare

---- Random Guess

* Used all CME parameters:
CDAW, DONKI, CACTus

Without ) ]
* With and without electrons

electrons

0.4 0.6 . . 0.4 0.6
False Alarm Rate False Alarm Rate

>10 MeV >100 MeV SAWS-ASPECS CME (CACTUS1) electrons
~ SAWS-ASPECS CME (CACTUS?2) electrons
SAWS-ASPECS CME (M2M) electrons
SAWS-ASPECS CME (SOHO) electrons
SAWS-ASPECS flare + CME (CACTUS1) electrons
SAWS-ASPECS flare + CME (CACTUS2) electrons
SAWS-ASPECS flare + CME (M2M) electrons
SAWS-ASPECS flare + CME (SOHO) electrons
SAWS-ASPECS flare electrons
- Random Guess

With
electrons

0.4 0.6 . . 0.4 0.6
False Alarm Rate False Alarm Rate




MagPy HMI| SHARP All Clear Performance

Different choice of probability threshold will improve MagPy’s All Clear performance

Original choice | Potential improved choice
Threshold = 19% Threshold =13%

o
oo
o
oo

=
o
=
o

o
~

Threshold Probability

o
~

Threshold Probability

AUC =0.56 AUC =0.56

—— MagPy_SHARP_HMI_CEA ' <] —— MagPy SHARP_HMI_CEA_13
---- Random Guess ---- Random Guess
* Model Choice * Model Choice

o
N
o
N

0.4 0.6 0.8 1.0 ' 0. f 0.4 0.6 0.8 1.0
False Alarm Rate False Alarm Rate




ldentify Gaps

SEPVAL Median Onset Peak Maximum Flux

Flux Metrics >10 MeV >100 MeV  >10 MeV  >100 MeV
Median Log Error 0.06 —0.15 —0.15 —0.50
Median Absolute Log Error 0.94 0.89 0.86 0.96
Pearson Correlation Coefficient 0.37 0.33 0.39 0.34
Spearman Correlation Coefficient 0.29 0.22 0.39 0.24

SEPVAL Median  SEPVAL post-eruptive =~ SEPVAL pre-eruptive
All Clear Scores >10 MeV >100 MeV >10 MeV >100 MeV
Percent Correct 0.73 0.74 0.55
Hit Rate 0.82 0.68 0.58
False Alarm Rate 0.23 0.21 0.46
False Alarm Ratio 0.25 0.53 0.36
Bias 1.02 1.35 0.91
Threat Score 0.56 0.37 0.42
HSS 0.47 0.36 0.07
TSS 0.47 0.38 0.07

Table 5.4: Median metrics for the SEPVAL challenge set and participating models.
The models that contribute to the median scores are listed in Table 5.1. The Pearson
Correlation Coefficient is calculated in log space. The onset peak refers to the initial
rise of the SEP event while the Max Flux refers to the maximum flux value measured
during the SEP event.

Table 5.2: Median metrics for the SEPVAL challenge set and participating models.
The models that contribute to the median scores are listed in Table 5.1.

* Lacking pre-eruptive models that predict >100 MeV Median performance of peak flux prediction is ~ an
e Skillfor>100 MeV is lagging behind >10 MeV order of magnitude
* Correlation between predicted peak and observed
peak is very low
* Allscores are worse for >100 MeV
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