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Multi-agency strategic investment in US space weather program  

Facilitate 
space weather & space science 

research & 
model development

Support 
transition of 

advances in research to 
space weather operations

CCMC  Goals 

Established in 2000
Original team: Michael Hesse (founding director), 
Masha Kuznetsova (deputy), Lutz Rastaetter



NASA CCMC Team
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Infrastructure 
(prerequisite for all functions)

Validation & 
Community Support   

Simulation Services
Open Use of Models 

Models Open Use of 
Simulation Results

(> 30,000 runs)

Enable, Support

NASA Missions 
Support  

Modeling 
Challenges

Heliophysics 
Big Year

Automated & 
Expert-Guided

On-boarding. Deliverables from 
LWS SC, DRIVE Centers, SWxC

Online Input generation
Containerization. Security compliance

Open science best practices
Collaborative development

Post-processing 
Visualization

Metadata 
Databases with 

‘Search by …’ 

CCMC Core Functions
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CCMC Model Simulation Service

CCMC Model Catalog



CCMC Runs-on-Request Service

64 Models for 
RoR
50+ Phenomena
6 Space weather 
impacts

https://ccmc.gsfc.nasa.
gov/ror/index.php



CCMC ROR service provides a solution for the coupled 
magnetosphere/Ionosphere/thermosphere system

Space Weather Related to Forcing 
from above and below



● Model domain from surface to 500 and 700 km
● Couples to ocean, sea ice, and land components, enabling 

studies of thermospheric/ionospheric coupling with the lower 
atmosphere

● WACCMX is available for ROR at CCMC
● Working on WACCMX/SWMF
● High-resolution WACCMX (0.5 degree)

ion-neutral
coupling

dynamics-chemistry
coupling

lower-upper 
atm. coupling

WACCM-X: the Whole Atmosphere Community Climate 
Model with thermosphere and ionosphere extension



TIE-GCM v3.0 for Runs-on-Request

Model upper 
boundary lifted

● TIEGCM 3.0 is available at CCMC for ROR
● Enhanced spatial resolution (1.25 degree in lat and lon)
● Elevated upper boundary for the topside ionosphere (500 to 1000 km)
● Lower model boundary condition: GSWM (default) and SD-WACCMX (up to 120 km)
● TIE-GCM v3.0 is capable of reproducing observed features of day-to-day variability in 

the IT system



Sami3 is A Model of the Ionosphere (SAMI3)

§ Developer Dr. Joe Huba is working closely 
with CCMC.

§ SAMI3 is available at CCMC for ROR
§ SAMI3/WACCMX
§ SAMI3/TIEGCM2.0
§ SAMI3/ICON-TIEGCM
§ SAMI3/HWM-MSIS

§ Future plan: SAMI3/GITM, SAMI3/RCM, 
SAMI3/CIMI, SAMI3/REMIX

§ Equatorial plasma bubble, storm and 
plasmasphere studies

Super plasma bubbles simulated by 
SAMI3/WACCM-X during the 2024 
Gannon Storm



NOAA/SWPC Whole Atmosphere Model-Ionosphere 
Plasmasphere Electrodynamics (WAM-IPE)

Fang et al., Space 
Weather 2022, Starlink 
incident

CCMC supports the R2O2R of NOAA/SWPC WAM-IPE by providing WAM-IPE RoR to community and 
enabling research



Instant Run 
Explore space weather models instantly



International Reference Ionosphere (IRI)



Ionospheric Bubble Probability (IBP) Model
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IBP is an empirical model of the plasma bubble occurrence rate derived from 
CHAMP and Swarm observations

Stolle, C., Siddiqui, T. A., Schreiter, L., Das, S. K., Rusch, I., Rother, M., & Doornbos, E. (2024). An empirical model of the 
occurrence rate of low latitude post-sunset plasma irregularities derived from CHAMP and Swarm magnetic 
observations. Space Weather, 22, e2023SW003809. https://doi.org/10.1029/2023SW003809

https://doi.org/10.1029/2023SW003809


Global Empirical Model of Sporadic E 
Occurrence (GEMSOR)
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Parsch EV, Franz AL, Dao EV, Wu DL, Swarnalingam N, Salinas CCJH and Emmons DJ (2024) Global Empirical Model of Sporadic-E 
Occurrence Rates. Front. Astron. Space Sci. 11:1434367. doi: 10.3389/fspas.2024.1434367

https://dx.doi.org/10.3389/fspas.2024.1434367
https://dx.doi.org/10.3389/fspas.2024.1434367
https://dx.doi.org/10.3389/fspas.2024.1434367
https://dx.doi.org/10.3389/fspas.2024.1434367


Continuous Run
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CCMC Continuous Run

HeliosphereSun

Continuous/real-time runs are models that CCMC executes continuously or in batch 
mode using near real-time observation data as inputs. Post processed results of 
such runs are often sent to ISWA (Integrated Space Weather Analysis), Flare 
Scoreboard, and/or SEP Scoreboard for display.

ISWAContinuous run

https://ccmc.gsfc.nasa.gov/tools/ISWA/
https://ccmc.gsfc.nasa.gov/scoreboards/flare/
https://ccmc.gsfc.nasa.gov/scoreboards/flare/
https://ccmc.gsfc.nasa.gov/scoreboards/sep/


• CCMC has initiated the historic storm 
event (2000-2024) model validation 
campaign 

• key parameters including:
• Total Electron Content (TEC)
• Critical frequency of the F2 layer 

(foF2)
• Peak height of the F2 layer 

(hmF2)
• Neutral density

• Using ground-based GNSS TEC, 
GNSS RO, ionosonde, ISR, HamSCI, 
etc.

• Develop ITMAP and CAMEL webapp 
tools to visualize the validation results
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CCMC Ionospheric Model Validation Projects



CCMC ionospheric model TEC validation for 
historic storm events

• 60 geomagnetic storms (2002-
2024) with a single Dst trough were 
selected for TEC model validation

• Ionospheric models hosted by 
CCMC are used in the validation.

• Preliminary results show that 
RMSE from both empirical and 
physics-based ionospheric models 
varies significantly with the solar 
cycle.

• Additional model simulations will be 
included in the final analysis



Simulate the GNSS RO ionospheric 
measurements by conducting OSSE 
using ionospheric models hosted by 
CCMC 

Observing System Simulation Experiment (OSSE) 

Ionospheric Model foF2 and hmF2 Validation 
Using GNSS Radio Occultation OSSE 



• Ionosphere is the major error 
source for single-frequency (SF) 
GNSS

• The broadcast Klobuchar model 
is widely used but lacks accuracy

• We evaluate the community-
developed advanced ionospheric 
models in real world application

Evaluate Model Performance in Single Frequency 
GNSS Precise Point Positioning during the 2024 May 
Storm 



CCMC Model Validation Tools and Scoreboards
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The Comprehensive Assessment of Models 
and Events using Library Tools (CAMEL)

• Developing CAMEL webapp to 
show ionospheric model 
validation results for the historic 
storm events

• foF2 and hmF2 validation using 
ionosonde observations from 
GIRO

• Ionospheric foF2 and hmF2 
validation is important since it 
greatly impacts the HF radio 
wave communications.
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CCMC Ionosphere-Thermosphere Model 
Assessment and Validation Platform (ITMAP)

• CCMC (interns: Paul and Joe) has developed ITMAP webapp to visualize CCMC 
model validation projects.

• Support NASA open science 
• Projects include TEC, foF2, hmF2, neutral density, GNSS positioning, ray-tracing



Interactive Visualization

Basic model output and derived quantities
User-ordered custom variables
Automated movie & time series generation

On-click advanced options
Field/flow lines (preset and custom) 
Interfaces with Planetariums 

Lutz Rastaetter, Darren De Zeeuw, Tyler Schiewe, 
Elon Olsson, Anders Lundkvist



CCMC model visualization

Model data archive

Model Visualization and Archive

Model input parameters



View 3D Ionosphere/Thermosphere



Kamodo Community Use Tool

• Kamodo is a CCMC tool for access, 
interpolation, and visualization of space weather 
models and data in python.

• NASA open source Python project on GitHub
• Access, interpolation, and visualization of 

space weather models
• Unit conversions, coordinate transformations
• Satellite flythrough extraction
• Dynamic interactive visualizations
• Core package in PyHC
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Access and Usage of IRI at CCMC



CCMC Instant Run Service
Instant Run (IR) system allow users to execute models and view results immediately via the IR web interface. 

https://kauai.ccmc.gsfc.nasa.gov/inst
antrun/iri/



CCMC Instant Run Service

Four versions of IRI
2020, 2016, 2012, 2007

UTC or LT

Geographic or 
Geomagnetic
Lat, Lon, Height



CCMC Instant Run Service

Profile Type:
• Height [0 to 1000 km]
• Latitude (-90 to 90 deg)
• Longitude (0 to 360 deg)
• Year (1961 to current)
• Month (1 to 12)
• Day of Month (1 to 31)
• Day of Year (1 to 366)
• Hour of Day (1 to 24)

Data Option:
• Standard IRI Parameters
• Peak heights and 

densities
• Plasma frequency, B0, 

M3000, Valley, width, 
depth

• Default 6 
parameters of your 
choice

• D-region models at 
60,65,..,110 km)



Sporadic E Occurrence Rate in ITCP, Trieste, Italy



CCMC Instant Run Service-Optional Parameters

Optional parameters
Ne topside
foF2 model
hmF2 model
Sporadic E Occ Prob
Bottomside Thickness B0
F1 model
D model
Te model
Ti model
Ion Comp model
Auroral Boundary Model
Input parameters



IRI ROR Service

Go to the CCMC website!
https://ccmc.gsfc.nasa.gov/



IRI ROR Service

Provide your first name, last name, and 
e-mail. This will generate a run number 
for making inquiries about your request 
and for searching/viewing the run's 
results



IRI ROR Service

Default option is based on original IRI 
settings

Special request. E.g., different output parameters



IRI ROR Service-Historic runs

Important!
Every submission takes time 
and resource



Model Visualization and Archive



Model Visualization and Archive



Model Visualization and Archive



CCMC model visualization

Model data archive

Model Visualization and Archive

Model input parameters



View 3D Ionosphere/Thermosphere



Add Satellite Position to Plot



Timeseries plot visualization



Thank you



Backup slides



MAGE (Multiscale Atmosphere Geospace Environment model suite)
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MAGE model is a comprehensive geospace
modeling framework
- coupled GAMERA magnetosphere
- RCM ring current
- ReMIX ionosphere electrostatics solver

- Kaipy, visualization tools developed by 
CGS, is available at the CCMC
- Provides on-the-fly visualization w/o 

requiring dataset downloads

First Deliverable to CCMC from NASA DRIVE Science Center for Geospace Storms(CGS)



CEDAR Student Day 2025: NASA CCMC tutorial
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CCMC mission: Bridging the Gap Between Space Weather Model 
Development and End Users

Magnetosphere

Ionosphere/
Thermosphere

Solar & Heliosphere

Model Implementation Install, configure, and 
maintain models for community access
Runs-on-Request & Instant runs Provide 
model simulations on demand for research 
studies, missions, and event analyses
Validation & Metrics Evaluate model 
performance through comparisons with 
observations using standardized metrics
Model Coupling, Visualization Tools, 
Education & Outreach





Flare Scoreboard
Real-time forecasting methods validation for predicting solar 
flare events



Ionospheric Model Validation during the 2024 
Gannon Storm
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• RMSE evaluates the model 
accuracy

• Taylor Skill Score (Taylor, 2001) 
evaluates skills in simulating 
ionosphere TEC spatial and 
temporal variations

TSS=1 perfect
TSS=0 worst 

Performance Metric and Skill Score



Space weather societal impact
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• Ionosphere variability (navigation, communications)
• Atmosphere variability (satellite/debris drag)
• Geomagnetically induced currents - GICs (electric 

power systems)
• Near-earth radiation and plasma environment 

(aerospace assets functionality)
• Solar energetic particles - SEPs (human exploration, 

aviation safety, aerospace assets functionality)
• Galactic cosmic rays - GCRs (human exploration, 

aviation safety, aerospace assets functionality)


