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Outlines
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• Who we are

• What we do

• How we can support your research

• Simulation Services

• Visualization & Analysis
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Multi-agency Strategic Investment 
in US Space Weather Program
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facilitate
space science & space weather
research & model development

support transition of 
advances in research to 

space weather operations
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Solar & Heliosphere

Magnetosphere

Ionosphere/
Thermosphere

Our mission: building an inclusive, community-accessible 
computational asset to space weather community
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model 
developers users

There is always NOT easy to install a model 
without the help of model developers

model 
developers users
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model 
developers users

model 
developers users

CCMC
CCMC acknowledges all the model developers for the 

permission to use the models and software tools at CCMC

CCMC acts as a bridge 
between developers and end-users

model 
developers users
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Facilitate Research and Model Development
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Runs on Request

Visualization
Historical Simulations 

Kamodo
Model Reader

Flythrough

Instant Run
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Instant Run
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CCMC Instant Run: SuperDARN convection model
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CCMC Instant Run: SuperDARN convection model
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Instant Run - play it on your mobile device!
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Magnetosphere

HWM IRI NRLMSIS

SuperDARN

Weimer

Geoelectric Field 
Calculation Tool

AE-8/AP-8
RADBELT

CM5IGRF

Tsyganenko
Magnetic Field

WINDMI

DBM

Ionosphere/Thermosphere

Heliosphere

CCMC Instant Run Website
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Runs on Request
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TIE-GCM RoR Step-by-Step
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Request a TIE-GCM Run

1. Generate your request

2. Select model version

3. Set the simulation time interval

4. Choose the run type and boundary condition

6. Submit

5. Choose spatial resolution

**All submissions take resource!!
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All submissions take resource!!
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Runs-on-Request
whole atmosphere
ionosphere/thermosphere 
global magnetosphere
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CCMC 
Model 
Catalog

PBMOD

DTM IRIJB2008

GITM TIE-GCM CTIPe

SAMI3 USU-GAIM

WACCM-X

SWMFOpenGGCM

MAGE/GA
MERAGUMICS

HYPERS-
Global

LFM

Physics-based 

Empirical
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97 km

500 km

TIE-GCM V2.0 upper boundary

TIE-GCM can now be utilized for 
A-Train and TIMED orbit propagation

1000 km

TIE-GCM V2.5 upper boundary
Most NASA LEO satellite orbits can 
now be simulated during solar max.
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●Model domain from surface to 500 and 700 km
●Couples to ocean, sea ice, and land, enabling 
studies of thermospheric/ionospheric coupling 
with the lower atmosphere

ion-neutral
coupling

dynamics-chemistry
coupling

lower-upper 
atm. coupling

Whole Atmosphere Community Climate Model – eXtended 
(WACCM-X) is available now, first whole atmosphere model at CCMC
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First global ionosphere model SAMI3 
simulates weather of the ionosphere

• Options of empirical (HWM/MSIS) or physics-based model inputs (e.g., 
TIE-GCM, TIE-GCM/ICON, WACCM-X)

• Onboarding SAMI3/WACCM-X now, available in the summer. 
• Will enable to study day-to-day variability of plasma bubbles and TIDs
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solar min. in Aug. solar medium in Mar.
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GITM Updates 
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• v22.03 –> v23.01 next month
• High lat. precipitation driver default is 

now FTA model for event simulations
• Fuller-Rowell and Evans still used for 

idealized runs with Hemispheric 
Power (HP) input

• Available as a special request and 
coming soon on an updated webform:
• Ovation Prime precipitation
• FTA idealized run
• SWMF simulation as a 

convection/precipitation driver
• Coming soon: AMGeO assimilative 

model as a convection/precipitation 
driver! 

Energy deposition is done with Fang+ (2010) monoenergetic beams:
• Get average energy and energy flux from auroral model
• Point-by-point convert to Maxwellian distribution (except 

OVATION…) with 100 monoenergetic beams
• Use Fang to get 100 ionization profiles
• Heating through ionization + exothermic reaction (no direct heating) 

https://github.com/GITMCode/GITM

FTA: A Feature Tracking Empirical Model 
of Auroral Precipitation (Wu+, Space Weather, 
2021)
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MAGE/GAMERA is now available at CCMC RoR
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MAGE/GAMERA is developed by the NASA DRIVE Science Center 
for Geospace Storms (CGS), which is a new MHD simulation tool 

building and improving upon the high-heritage LFM code
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Runs on Request

Visualization
Historical Simulations 
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Access simulation archive

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

Simulation Services
↓

View RoR Simulation Results
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Choose a published one

Choose “View 3D Ionosphere”
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Visualization
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Runs on Request

Kamodo
Model Reader

Flythrough



CEDAR Student Day 2023: NASA CCMC tutorial 27

Simplifying Model Data Access 
at CCMC

TIE-GCM WACCM-X WAM-IPE

Users

script B script Cscript A

Users

TIE-GCM WACCM-X WAM-IPE
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List of Models Currently 
Available in Kamodo

GAMERA

DTMCTIPe

AMGeO

GITM

ADELPHI

IRI SuperDARN

OpenGGCM

SWMF

WACCM-X

TIE-GCM

WAMIPE

Weimer
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Cross-Model Comparison - Example

Lon (deg.)

T
n
 
(
K
)
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Collaborating with HAPI 
- Get CINDI data via HAPI server from CDAWeb

Ti (K)

Datetime

Heliophysics Application Programmer’s Interface
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Easy Flythrough in Models

Model Output

Real Flight

TLE Flight Model 
Flythrough

SSCWeb

user input

Synthetic Flightuser input

Sample Output at 
Given Sat. Trajectory

trajectory
(x,y,z,t)
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CCMC: One-stop shop to meet research 
community needs
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Runs on Request

Visualization

Kamodo
Model Reader

Flythrough

Instant Run
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Vision for the Future

• Solidify CCMC role as a fast response unit to evolving 
community and agencies needs

• Facilitate innovation: move towards high-quality, high-
resolution runs, implement ML/AI capabilities, utilize 
GPUs, enable generic model coupling capabilities

• Facilitate open science: establish CCMC as a hub for                                                                                                
collaborative development and evaluations of open-
source models/software

33
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Vision of the Future: Model Coupling
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Please contact us if you have any suggestions or questions 
jack.c.wang@nasa.gov; jia.yue@nasa.gov; min-yang.chou@nasa.gov

CCMC: One-stop shop to meet research community needs

mailto:jack.c.wang@nasa.gov
mailto:jia.yue@nasa.gov
mailto:min-yang.chou@nasa.gov


CEDAR Student Day 2023: NASA CCMC tutorial

For Model Developers!!!
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Please contact us if you want to 
make your models accessible to the world

Our goal: make it easier and faster to onboard
a new model/model upgrade to get it into the

hands of the community faster



CEDAR Student Day 2023: NASA CCMC tutorial

References
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CCMC website

https://ccmc.gsfc.nasa.gov

Kamodo: GitLab repository 

https://github.com/nasa/Kamodo

Please contact us if you have any suggestions or questions 
jack.c.wang@nasa.gov; jia.yue@nasa.gov; min-yang.chou@nasa.gov

mailto:jack.c.wang@nasa.gov
mailto:jia.yue@nasa.gov
mailto:min-yang.chou@nasa.gov
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Back-ups
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Multi-agency Strategic Investment 
in US Space Weather Program
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facilitate
space science & space weather
research & model development

support transition of 
advances in research to 

space weather operations
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Neutral Density Validation at CCMC
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Madrigal
GloTEC
JPL GIM

SAMI3

IRI
WAM-IPE

WACCM-X
TIE-GCM

CTIPe
GITM

PBMOD

TEC=f(lon.,lat.,UT)

Assessment of ionospheric models 
during the geomagnetic storm times
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Research->Operations (R2O) Pipeline
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CCMC
CCMC-SWPC

Shared 
Environment

SWPC
Testbe

d
SWPC

Operations

NOAA SWPC

CCMC Space Weather Info (as-is)

R2O transition
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Mission Planning Tool:
reconstructed observation 

from model flythrough
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• Reconstruct what a satellite would see 
using model data as a virtual reality.

Model Flythrough

reconstructed “observation”
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Satellite Constellation Mission Planning Tool:

Irregular Constellations 
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model data DMSP 15 - 18
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Fake Flight: Tool for 
CubeSat Mission Planning
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Model 
Flythrough

trajectory
(x,y,z,t)

input 
UTC

optional input
precession rate
latitude range
decay rate of height
time cadence

Sample Output at 
Given Sat. Trajectory

Fake Flight
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• CCMC-hosted thermosphere 
models are included in the 
GEODYN orbit propagator
• Physics-based models are 

integrated via Kamodo package
• Differences in thermospheric 

density translate to differences in 
orbit residuals with respect to 
ICESat-2 precise orbit 
determination

Kamodo Application:
Validating Thermospheric Models 

for Orbital Drag

from Zachary Waldron, CU Boulder
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Satellite Constellation 
Mission Planning Tool 
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model data one satellite

3 equidistant satellites
• New satellite constellation tool reconstructs 

in any pair of dimensions what a given 
constellation configuration would see.

• Currently available for a range of ITM 
models with model-agnostic syntax.
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“ModelWeb Catalogue and Archive” provides a 
list of heliophysics models dating back to before 

1979
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https://git.mysmce.com/
ccmc-share/modelwebarchive
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Model Reader - Example


