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CCMC Simulation Services: Runs-on-Request
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• Advances the community’s 
scientific research
• Mission science/planning 

support
• Model validation in a 

research setting
• Model delivery point



CCMC Simulation Services: Continuous Runs

• CCMC hosts ~100 models, 20 of which are also running in real time, including 
experimental model chains
• CCMC approach to finding model forecasting value: highlight the forecast possibilities 

while keeping in mind the model limitations. Experiment.
• Real time model outputs are available via iSWA displays and streaming

Goals include:
• Validation in a real time setting
• Demonstration of operational 

potential and facilitate entry to R2O 
pipeline

• Mission science campaign support
• Feedback for the model developer 

on long term model performance

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



Validation at CCMC: Evaluating Model Performance

• Benchmarks current model performance. Traces progress over time.
• Validation to improve scientific understanding

• Science-based metrics
• CCMC leadership in community challenges/campaigns at GEM, CEDAR, SHINE, ISWAT

• Validation to determine R2O transition suitability
• Operationally relevant metrics to test forecast value
• CCMC validation collaborations with SWPC (ENLIL, SWMF, WSA, ADAPT)

Modes:
• Historical validation
• Real-time forecast validation (CCMC community scoreboards)
• Simulated (as-if) real-time forecast validation



Coordinated Community Effort: 
International Forum on Space Weather Capabilities Assessment

Forum working teams 
focused on different 
evaluation topics.

Cross-team 
interactions.



Each Cluster has at least one team on predictive capabilities assessment with CCMC involvement 



Jian et al. (2015) Space Weather: solar wind speed at Ulysses

Example: Validation Study using CCMC Runs-on-Request



Wold et al. (2018) JSWSC, for WSA-ENLIL+Cone: 
• 10.4 ± 0.9 hours error
• 1.7 hour error increase with single coronagraph

Examples: Validation Studies of CME Arrival Time Error using:

CCMC Real-Time Runs CCMC Scoreboards
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Riley et al. (2018) Space Weather: 
• First comprehensive analysis of CME 

scoreboard data
• 13 hours error (scoreboard average)
• ±20 hours standard deviation



Validation: CCMC community scoreboards

• Scoreboards collect forecasts from the community before 
event is observed
• Allows a consistent real-time comparison of various 

operational and research forecasts. 

Leads: CCMC 
(L. Mays),
UK Met Office Leads: Trinity College Dublin 

(S. Murray), ROB (J. Andries) 
Leads: NASA SRAG, CCMC (L. Mays), BIRA-
IASB (M. Dierckxsens), GSFC (I. Richardson)

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

Leads: PredSci (P. Riley), 
University of Reading 
(M. Owens)

IMF Bz
Scoreboard

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


• In 2018 CCMC started a multi year project (ISEP) with 
NASA Space Radiation Analysis Group to transition 7 
research Solar Energetic Particle models to operations: 
including MAG4, UMASEP, RELeASE, SEPSTER, SEPMOD, 
STAT, iPATH

• These models were chosen by SRAG based on their 
operational requirements including
• Can it run in real-time?
• Is the input data available in near real-time?
• Some degree of documented performance

• Models transitioned, and SEP Scoreboard displays built 
by CCMC will be used operationally by SRAG for human 
missions beyond LEO starting in 2022. 

CCMC R2O Collaboration 
with NASA Johnson Space Center: Astronaut Safety





CCMC & NOAA SWPC Collaborations

• 20-year partnership since CCMC establishment.
Major successes: 
• Demonstrated potential of Enlil for operational forecasting (2006 - 2009)
• Geospace model transition to operations at NOAA/SWPC (2013 - 2015)
• NASA-NOAA space weather MOU on space weather modeling capabilities: 

MOU Annex to validate model upgrades (2017 - 2020)



NOAA SWPC / CCMC  MOU Annex
CME Arrival Time

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

• Tested if model upgrades improve 
CME arrival time prediction

• CCMC performed and analyzed 
over 1200 simulations

• Result: ADAPT and time-
dependent driven simulations 
decrease CME arrival times errors 
by 6 hours for GONG zero-point 
corrected inputs.

• Final report was delivered in May 
2020 ENLIL 2.9e

a8b1

GONG
Zero-point 
corrected

ENLIL 2.9e
a3b2 (ops)

GONG WSA 2.2
ENLIL 2.9e

a8b1

ENLIL 2.6.2
a3b2 (ops)

ADAPT WSA 4.5

SINGLE MAP & TIME DEPENDENT

SINGLE MAP & TIME DEPENDENT

CCMC performed over 1200 simulation variations:



Validation: Opportunities for Improvement

• Better community involvement and coordination, including operations
• Community agreement on metrics selection and validation approach 
• Community definition of Essential Space Environment Quantities
• COSPAR ISWAT teams

• Better preparation of observations and their uncertainties
• Involving data experts on validation teams
• Some observations are actually techniques/models themselves

• Better care in comparing models
• Validation studies with different designs cannot be directly compared

• Better transparency and collaboration in validation studies
• Providing data and necessary details – how were forecasts were constructed? How 

was validation performed?
• CCMC CAMEL tool 



Library of 
metrics 
(tailored for 
specific 
studies)

Framework to combine 
tools to perform model 
execution, post-
processing and 
evaluation 

Database (with API 
access) of time series, 
derived from model output 
and observational data

Interactive web interface 
for display and analysis of 
evaluation results 

Validation for single and 
multiple events

CCMC Metadata Registry 
stores SPASE-based 
metadata for all runs

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

Comprehensive Assessment of Models and Events based on Library tools (CAMEL)



R2O: Opportunities for improvement
• NASA/NSF: It is necessary to fund model development (science and 

applied) to achieve forecast improvements, model validation, and 
model transition.  If the agencies want to see R2O progress, it must 
be funded.
• Developers/CCMC: Research models delivered to CCMC are rarely 

ready for production, CCMC staff makes preparations
• Developers: Are often not thinking about real-time/operational uses 

of their models.  CCMC sometimes guides/suggests. 
• Developers/CCMC: need to be creative about how their scientific 

model improvements could be used for real time forecasts. CCMC can 
sometimes suggest chaining or coupling with another model.
• SWPC/CCMC: collaborate more closely on the evaluation and 

transition process (Space Weather Proving Grounds)



CORHEL (MAS)WSA-ENLIL+Cone SWMF: AWSoM-R

EPREMSEPMOD SWMF: FLAMPA or Kota SEP

Example: Coupled Heliosphere and SEP models 

Flux Rope CME (Titov-Demoulin, Gibson-Low)Hydrodynamic CME
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Modelers: N. Arge, D. Odstrcil, J. Luhmann, J. Linker, N.Schwadron, M. Gorby, I.Sokolov, G. Li, S. Dalla, M. Zhang 

ZEUS-3D

iPATH SPARXZhang model



Space Weather Proving Grounds



Future ideas: L5 & heliospheric space weather
• Magnetograms: reduce errors in background solar wind prediction 

(Mackay et al., 2016, ApJ); useful for flare prediction models; useful for 
solar index prediction

• EUV and magnetograms: track active region development with longer 
lead times for probabilistic flare and CME onset forecasting.

• Heliospheric Imagers: update CME arrival time forecasts, and 
subselect/constrain ensemble forecasts.

• Solar wind: provide high speed stream forecasts; subselect ensemble 
solar wind predictions (e.g.  WSA-ADAPT).

• Coronagraphs and EUV: reduce CME measurement errors.
• Solar energetic particle : useful for SEP models, and provide connectivity 

information relevant for forecasting.



Thank you
&

please join the community validation effort!

m.leila.mays@nasa.gov


