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

CCMC Education & Outreach



CCMC Education and Outreach: current focus

• Web-based tools and simulation services that can be used for space 
weather and space science research & education

• Specialized simulations, visualizations, and tutorials in support of space 
weather summer schools

• Interactive visualizations of simulations with OpenSpace



CCMC Simulation Services: Runs-on-Request
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ccmc.gsfc.nasa.gov

• Advances the community’s 
scientific research

• Mission science/planning 
support

• Model validation in a 
research setting

• Model delivery point



• 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

• Education and context for research

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

CCMC Simulation Services: Continuous Real Time Runs



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



Traveling Space Weather Lectures



Example: iSWA in Heliophysics Summer School Exercises
Lab questions
1) Do you see significant 
changes in the structure of 
the ionosphere as shown by 
these results? Describe 
these and identify the onset 
time for the changes. 
2) Does the structure of the 
ionosphere change 
significantly? (Pay careful 
attention to the color scales 
for the animation. Are they 
fixed or do they change? 
3) Can you interpret 
parameters plotted? What 
could cause these changes 
and what effects might you 
expect there to be?



Example: iSWA in Heliophysics Summer School Exercises
Lab questions 
1) Do all sunspots have 
active regions 
associated with them?
2) Are all active regions 
associated with 
sunspots?
3) How would you define 
an solar active region? 
What characteristics 
does it have?
4) When does a solar 
flare occur? What 
criteria do you use to 
define the solar flare
event?
5) Is there another event 
you should not?



Heliophysics Summer 
Schools:
Demos and Tutorials of 

CCMC Runs-on-Request



Example: CCMC Runs-on-Request Heliosphere tutorial



Example:
Specialized simulations in support of space 
weather summer schools
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•Catalog of space weather phenomena.

•Chronicles the daily interpretations of space weather observations, simulation results, 
forecasting analysis, and notifications.

•Developed to address space weather needs of NASA missions, and as an O2R tool.

•Online tool for forecasts, notifications, and archiving event-focused information

• Intelligent linkages, relationships, cause-and-effects between space weather activities

•Comprehensive search functionality to support anomaly resolution and space science research:

•Space weather activity archive (flares, CME parameters and simulation results, SEPs, 
geomagnetic storms, radiation belt enhancements) with links between activities

•M2M space weather notification and weekly report archive

•Enables collaboration with students, world-wide partners, model and forecasting technique 
developers

DONKI
Database of Notifications, Knowledge, and Information

Demo: http://kauai.ccmc.gsfc.nasa.gov/DONKI

http://kauai.ccmc.gsfc.nasa.gov/DONKI


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

• Over time enough statistics are collected for validation studies

• Provides valuable feedback for model developers to make 
improvements 

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)

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

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

IMF Bz

Scoreboard

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


https://iswat-cospar.org/

https://iswat-cospar.org/


All prediction methods are welcome, and all are encouraged to participate. 

https://kauai.ccmc.gsfc.nasa.gov/CMEscoreboard

CME Arrival Time Scoreboard
Community predictions for the  6 Sep 2017 CME

http://kauai.ccmc.gsfc.nasa.gov:8080/SWScoreBoard


CME Arrival Time Scoreboard
Community predictions for the  28 October 2021 CME



CME Scoreboard Validation: Riley et al., 2018 SWJ 



Flare Scoreboard & Working Team

• Allows a consistent real-time 
comparison of various operational 
and research flare forecasts.

• Automated system; model 
developers can routinely upload 
their predictions to an anonymous 
ftp

• Forecast data is parsed and stored 
in a database which accessible to 
anyone via an API

• This project is led by Sophie 
Murray (TCD) and the planning 
group includes expert scientists as 
well as operational space weather 
prediction centers.

• Collaborating with ISEE/PSTEP 
"BenchMarks for Operational Flare 
Forecasts Workshop” study

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



Flare Scoreboard: Sep 2017

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



Flare Scoreboard: October 2021

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



• In 2018 CCMC started a multi year project (ISEP) with 
NASA Space Radiation Analysis Group to transition 
research Solar Energetic Particle models to operations

• Project goals: 
• identify, transition, and evaluate new models (R2O)
• develop software tailored for SRAG
• implement these capabilities within CCMC as a non-

operational prototype.

SEP Scoreboard: CCMC R2O Collaboration 
with NASA Johnson Space Center SRAG

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

• CCMC has transitioned 6+ real-time models and built the SEP Scoreboard application 
that will be used operationally by SRAG and M2M for human missions beyond LEO.  

• The Scoreboard is already in use by SRAG for ISS support and will be used for 
ARTEMIS.

The Moon to Mars (M2M) Space Weather Office is a newly established effort in the Heliophysics Division to provide 
operational space weather support to SRAG for ARTEMIS missions



➢ Publicly available Dec 2020
➢ Supports SRAG console 

operators and M2M 
analysts

➢ Forecasts from multiple 
models are collected and 
uniformly displayed in real 
time

➢ Ability to go back in time
➢ Engages participation from 

the scientific community
➢ 6+ participating models

https://sep.ccmc.gsfc.nasa.gov/intensity/ https://sep.ccmc.gsfc.nasa.gov/probability/ https://sep.ccmc.gsfc.nasa.gov/allclear/

Scoreboard

https://sep.ccmc.gsfc.nasa.gov/intensity/
https://sep.ccmc.gsfc.nasa.gov/probability/
https://sep.ccmc.gsfc.nasa.gov/
https://sep.ccmc.gsfc.nasa.gov/allclear/






✓ Basic model output and derived quantities.

✓ User-ordered custom variables.

✓ Automated movie & time series generation

✓ Interfaces with Virtual Observatories.

✓ Interfaces with Planetariums. 



OpenSpace is open source interactive data visualization software
designed to visualize the entire known universe and portray our
ongoing efforts to investigate the cosmos.

CCMC & OpenSpace



• June 27, 2017
Sun Earth Connection
https://youtu.be/rDDjcxBP6ag

• March 24, 2018
Sun-Earth Interation
https://youtu.be/VM_6XpLR3gw

• October 2, 2020
Solar Storms
https://youtu.be/iRt6rsYR_Sw

• October 18, 2020
Simulating Risks of Solar Weather
https://youtu.be/s1UaX0phl6I

CCMC OpenSpace Planetarium Shows
https://www.openspaceproject.com/

https://www.amnh.org/research/hayden-planetarium



Thank You!


