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• CCMC is a multi-agency partnership, located at 
NASA’s Goddard Space Flight Center, 
whose services include:

1) Providing access to modern space science simulations

2) Testing and evaluating space weather models

3) Supporting space weather forecasters

4) Supporting space science education

• Resources are available on-line to the public! 

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

About CCMC
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Models hosted by CCMC cover 
solar physics to atmospheric physics

3Komar, WVU -



Models at CCMC
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• Solar Models:

- CORHEL/MAS/WSA/ENLIL:  J. Linker, 
Z. Mikic, R. Lionello, P. Riley, N. Arge, 
D. Odstrcil

- PFSS:  J. Luhmann et al.

- WSA/PF with CS:  Nick Arge 

- SWMF/SC/IH:  Bart van der Holst, 
Igor Sokolov, Ward Manchester, Gabor Toth, 
Darren de Zeeuw and Tamas Gombosi

- ANMHD:  Bill Abbett, Dave Bercik, 
George Fisher, Yuhong Fan

• Heliosphere Models:

- CORHEL/MAS/WSA/ENLIL:  J. Linker, 
Z. Mikic, R. Lionello, P. Riley, N. Arge, 
D. Odstrcil

- SWMF/SC/IH:  Bart van der Holst, 
Igor Sokolov, Ward Manchester, Gabor Toth, 
Darren de Zeeuw and Tamas Gombosi

- ENLIL:  D. Odstrcil

- ENLIL with Cone Model:  D. Odstrcil

- Heliospheric Tomography with SMEI data:  
B. Jackson, P. Hick

- Heliospheric Tomography with IPS data:  
B. Jackson, P. Hick

- Exospheric Solar Wind:  H. Lamy, 
V. Pierrard

- EMMREM:  N. Schwadron, H. Spence, 
L. Townsend, R. Squier, F. Cucinotta, 
M. H. Kim, K. Kozarev, R. Hatcher, 
M. PourArsalan, M. A. Dayeh

- PREDICCs:  Nathan Schwadron and 
Harlan Spence

• Global Magnetosphere Models:

- LANL*:  Yiqun Yu, Josef Koller

- BATS-R-US:  Tamas Gombosi et al.

- SWMF/BATS-R-US with RCM: 
Tamas Gombosi et al., R. Wolf et al.

- SWMF/BATS-R-US with CRCM 

- OpenGGCM:  Joachim Raeder, 
Timothy Fuller-Rowell

- GUMICS:  Pekka Janhunen et al.

- CMIT/LFM-MIX:  John Lyon, Wenbin Wang, 
Slava Merkin, Mike Wiltberger, Pete Schmitt, 
and Ben Foster

- Plasmasphere:  Viviane Pierrard

- WINDMI:  W. Horton, M. L. Mays, 
E. Spencer and I. Doxas

• Geomagnetic Field Models:

- IGRF:  Susan Macmillan, Stefan Maus

- Tsyganenko Model:  Nikolai Tsyganenko

• Inner Magnetosphere Models:

- Fok Ring Current:  Mei-Ching H. Fok

- Plasmasphere:  Viviane Pierrard

- AE-8/AP-8 RADBELT:  D. Bilitzza

• Ionosphere/Thermosphere Models

- SAMI3:  Joseph Huba, Glenn Joyce, 
Marc Swisdak

- CTIPe:  Timothy Fuller-Rowell et al.

- ABBYNormal:  J. Vincent Eccles et al.

- USU-GAIM:  R.W. Schunk, L. Scherliess, 
J.J. Sojka, D.C. Thompson, L. Zhu

- IRI:  D. Bilitza

- TIE-GCM:  R. G. Roble et al.

- GITM:  A. J. Ridley et al.

• Ionosphere Electrodynamics Model: 

- Weimer:  Daniel R. Weimer

• Atmosphere Model:

- MSISE:  A. E. Hedin
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Runs on Request Service
• Free service available to any 

scientist using models hosted by 
CCMC

- Can customize simulations  
through “Special Requests” 

• After submission, simulations 
forwarded to CCMC workstations

- Turn-around time ranges from 
a few days to a few weeks 
depending on complexity

• Data stored on CCMC servers; 
Can visualize data on-line or 
download data files for 
local analysis
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Requesting a CCMC Simulation
• Parameters entered into CCMC Runs on Request Service

- Choose model (e.g. Magnetosphere)

- Can simulate event or modeled solar wind conditions

• Modeled conditions: User can specify solar wind 
magnetic field B = (Bx, By, Bz), velocity v = (vx, vy, vz), 
number density n, temperature T, and dipole tilt.

• Events: User can specify solar wind input or have 
CCMC generate input from ACE or WIND.  Can have 
fixed dipole tilt or have the dipole tilt update with time.

- Ionospheric conductances and radio flux F10.7 parameter for 
modeling ionosphere

- In event simulations, user can request satellite output
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An Example CCMC Simulation Study

• I have used CCMC resources to study magnetic fields and 
magnetic reconnection at the dayside magnetopause

- Modeled conditions using BATS-R-US v8.01

- Solar wind parameters:  |B| = 20 nT, n = 20 cm-3, 
T = 232,100 K (20 eV), βSW = 0.4, v = (-400, 0, 0) km/s

- In separate simulations, use solar wind magnetic field with 
angles θ = 0°, 30°, 60°, 90°, 120°, 150°, 165°, and 180°, 
where tan(θ) = By/Bz; Bx = 0

- No dipole tilt

- Ionospheric Conductances:  Pederson - 5 mho; Hall - 5 mho

- Radio flux F10.7 parameter:  150
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Special Requests
• Sample special requests can include:

- Extending run duration

- Modifying boundary conditions

- Creating a new simulation grid

• Example: I changed the default simulation resolution 
from 1/4 RE  to 1/8 RE near the dayside magnetopause 
to increase the number of grid cells resolving 
magnetic reconnection layer

- Minor code modifications

• Example:  I included an explicit resistivity in my 
simulations to swamp out numerical dissipation
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On-Line Visualization
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User can plot 2D slices of fundamental variables:  n, v, B, etc.  Can also plot functions of 
fundamental variables:  E, J, P, etc.

Example:  Magnetopause current Jy in θ = 180° simulations (a) without and (b) with an explicit 
resistivity.  Solid lines depict the simulation grid and the magnetopause current layer 
broadens in (b) with the chosen explicit resistivity, which dominates the numerical dissipation.
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On-Line Visualization
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User can plot variables along vector from (x0, y0, z0) to (x1, y1, z1).

Example:  Plasma density (n), velocity x-component (vx) and 
current density y-component (Jy) along x-axis in a simulation with θ = 180°.
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On-Line Visualization
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User can plot variables along vector from (x0, y0, z0) to (x1, y1, z1).

Example:  Plasma density (n), velocity x-component (vx) and 
current density y-component (Jy) along x-axis in a simulation with θ = 180°.

Bow Shock

Magnetopause
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On-Line Visualization

10

User can plot variables along vector from (x0, y0, z0) to (x1, y1, z1).

Example:  Plasma density (n), velocity x-component (vx) and 
current density y-component (Jy) along x-axis in a simulation with θ = 180°.

Bow shock 
compression 
ratio ≈3; 
agrees with 
MHD shock 
theory!
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Magnetic Field Line Visualization
• We wanted to study magnetic field lines 

at the dayside magnetopause

• Can plot magnetic field lines or velocity 
flow lines on top of color contour with 
CCMC’s Space Weather Explorer (SWX)

- Example:  Magnetic field lines 
overlaid on a contour of 
plasma density for a 
simulation with θ = 180°.

• Magnetic field lines color-coded for 
magnetic connectivity

1. Closed (red)

2. Open (yellow)

3. Half-open/closed (gray)
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Conversion ! Access  ! Interpolation 

Kameleon is a software suite that is being developed at the 

CCMC to address the difficulty in analyzing and disseminating 

the varying output formats of space weather model data.  

Through the employment of a comprehensive data format 

standardization methodology, Kameleon allows heterogeneous 

model output to be stored uniformly in a common science data 

format.  The converted files contain both the original model 

output as well as additional metadata elements to create 

platform independent and self-descriptive data files.  To 

facilitate model data dissemination, data reuse, and code reuse 

– the Kameleon access and interpolation library provides direct 

access to both the model data as well as the embedded 

metadata. 

Access and Interpolation Library Overview 

After the original model output 

has been converted into a 

standardized science data 

format with accompanying 

metadata elements, access to 

the data can be achieved by 

utilizing the Kameleon Access 

and Interpolation Library.  The 
library provides a user friendly interface to the standardized data, offering both spatial and temporal interpolation functionality 

along with several metadata extraction routines.  By using the Kameleon library, the underlying format and storage structure is 

hidden from the end user masking the complexity of the native interface associated with the implemented science data format.  

At the same time, users still have the option to use the native science data format access tools and routines providing even 

greater programming flexibility.  The routines provided in the Kameleon access/interpolation library can be called from any C 

compatible programming language, allowing users to analyze model data using their preferred application.  Integrating the 

Kameleon library into an existing application can be done in an efficient manner alleviating the need to become familiar with the 

internal storage layout and structure of the data files.  The standardized model output used in conjunction with the Kameleon 

access/interpolation library, facilitates both data sharing as well as software reuse, by allowing the integration of new model data 

analysis capabilities into existing or new software applications. 

!Fortran !Java 

!C/C++ !Perl 

!IDL !Vtk 
!OpenDx !Your App 

Call From Any C Compatible 

Programming Language 

Features 

!The interpolation routines can extract data directly from 

the disk or - for more data rich applications such as field 

line tracing - specified variables can be stored in main 

memory to reduce disk access and improve efficiency. 

!Metadata extraction routines are provided to quickly 

extract both global and variable metadata elements 

imbedded in each standardized model output file. 

!4D interpolation - using the time_interpolate() routine, 

users can specify a directory of data, and extract data for 

any given variable, position, and time. 

!The main library is written in C, yielding both static .a 

and shared .so libraries 

!FORTRAN interface - for convenience, a fortran 

interface has been provided addressing fortran-to-c 

argument passing, string handling, and other compatibility 

issues. 

!IDL interface – contains routines that are callable 

directly from IDL in the same manner as native IDL 

routines through LINKIMAGE. 

HDF5 (coming soon) 

CDF 3.0 

CDF 2.7 

Science Data Format 

Output Options: 

Solar: MAS (Under Development) 

Heliosphere: ENLIL 

Ionosphere: CTIP 

3D Magnetosphere: OpenGGCM/UCLA-GGCM 

3D Magnetosphere: BATSRUS 

KAMELEON 

library 

Current Standardized Model 

Output Availability 

http://ccmc.gsfc.nasa.gov ! 

December 2006 

CCMC Kameleon Software Package

• SWX traces magnetic field lines using 
Kameleon

- A software package developed by 
CCMC to provide researchers 
direct access to simulation data

• Kameleon is available for advanced
field line tracing, as well as for other 
applications:

- Interpolating data in time/space, 
accessing metadata, and 
tracing field/flow lines

- Kameleon library can be called from 
any C-compatible code/application

• Request and Download 
CDF simulation data from CCMC server 
(~0.25 GB for my simulations)

12

 

 

 

 

            

 

 

 

 

 

CCMC Standardized  

Model Data 

Your 

Code/Application 

Kameleon 
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library provides a user friendly interface to the standardized data, offering both spatial and temporal interpolation functionality 

along with several metadata extraction routines.  By using the Kameleon library, the underlying format and storage structure is 

hidden from the end user masking the complexity of the native interface associated with the implemented science data format.  

At the same time, users still have the option to use the native science data format access tools and routines providing even 

greater programming flexibility.  The routines provided in the Kameleon access/interpolation library can be called from any C 

compatible programming language, allowing users to analyze model data using their preferred application.  Integrating the 

Kameleon library into an existing application can be done in an efficient manner alleviating the need to become familiar with the 

internal storage layout and structure of the data files.  The standardized model output used in conjunction with the Kameleon 

access/interpolation library, facilitates both data sharing as well as software reuse, by allowing the integration of new model data 

analysis capabilities into existing or new software applications. 

!Fortran !Java 

!C/C++ !Perl 

!IDL !Vtk 
!OpenDx !Your App 

Call From Any C Compatible 

Programming Language 

Features 

!The interpolation routines can extract data directly from 

the disk or - for more data rich applications such as field 

line tracing - specified variables can be stored in main 

memory to reduce disk access and improve efficiency. 

!Metadata extraction routines are provided to quickly 

extract both global and variable metadata elements 

imbedded in each standardized model output file. 

!4D interpolation - using the time_interpolate() routine, 

users can specify a directory of data, and extract data for 

any given variable, position, and time. 

!The main library is written in C, yielding both static .a 

and shared .so libraries 

!FORTRAN interface - for convenience, a fortran 

interface has been provided addressing fortran-to-c 

argument passing, string handling, and other compatibility 

issues. 

!IDL interface – contains routines that are callable 

directly from IDL in the same manner as native IDL 

routines through LINKIMAGE. 

HDF5 (coming soon) 

CDF 3.0 

CDF 2.7 

Science Data Format 

Output Options: 

Solar: MAS (Under Development) 

Heliosphere: ENLIL 

Ionosphere: CTIP 
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3D Magnetosphere: BATSRUS 

KAMELEON 

library 

Current Standardized Model 

Output Availability 
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CCMC to address the difficulty in analyzing and disseminating 

the varying output formats of space weather model data.  

Through the employment of a comprehensive data format 

standardization methodology, Kameleon allows heterogeneous 

model output to be stored uniformly in a common science data 

format.  The converted files contain both the original model 

output as well as additional metadata elements to create 

platform independent and self-descriptive data files.  To 

facilitate model data dissemination, data reuse, and code reuse 
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access/interpolation library, facilitates both data sharing as well as software reuse, by allowing the integration of new model data 

analysis capabilities into existing or new software applications. 

!Fortran !Java 

!C/C++ !Perl 

!IDL !Vtk 
!OpenDx !Your App 

Call From Any C Compatible 

Programming Language 

Features 

!The interpolation routines can extract data directly from 

the disk or - for more data rich applications such as field 

line tracing - specified variables can be stored in main 

memory to reduce disk access and improve efficiency. 

!Metadata extraction routines are provided to quickly 

extract both global and variable metadata elements 

imbedded in each standardized model output file. 

!4D interpolation - using the time_interpolate() routine, 

users can specify a directory of data, and extract data for 

any given variable, position, and time. 

!The main library is written in C, yielding both static .a 

and shared .so libraries 

!FORTRAN interface - for convenience, a fortran 

interface has been provided addressing fortran-to-c 

argument passing, string handling, and other compatibility 

issues. 

!IDL interface – contains routines that are callable 

directly from IDL in the same manner as native IDL 

routines through LINKIMAGE. 

HDF5 (coming soon) 

CDF 3.0 

CDF 2.7 

Science Data Format 

Output Options: 

Solar: MAS (Under Development) 

Heliosphere: ENLIL 

Ionosphere: CTIP 

3D Magnetosphere: OpenGGCM/UCLA-GGCM 

3D Magnetosphere: BATSRUS 

KAMELEON 

library 

Current Standardized Model 

Output Availability 

http://ccmc.gsfc.nasa.gov ! 

December 2006 

Figures taken from Kameleon PDF.
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http://ccmc.gsfc.nasa.gov/downloads/kameleon.php
http://ccmc.gsfc.nasa.gov/downloads/kameleon.php
http://ccmc.gsfc.nasa.gov/ComQues/request_CDF.php
http://ccmc.gsfc.nasa.gov/ComQues/request_CDF.php
http://ccmc.gsfc.nasa.gov/downloads/kameleon.pdf
http://ccmc.gsfc.nasa.gov/downloads/kameleon.pdf


A Kameleon Example
• I used Kameleon to 

determine connectivity of 
magnetic field lines on 
spherical surfaces

- Closed: Red

- Open: Orange

- Northern: White

- Southern: Black

• Approximate merging 
point of four magnetic 
connectivities (asterisk)

Sample magnetic connectivity map in 
a simulation with θ = 30°.

Spherical 
coordinates
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http://ccmc.gsfc.nasa.gov/downloads/kameleon.php
http://ccmc.gsfc.nasa.gov/downloads/kameleon.php
http://ccmc.gsfc.nasa.gov/results/viewrun.php?domain=GM&runnumber=Colin_Komar_030811_1
http://ccmc.gsfc.nasa.gov/results/viewrun.php?domain=GM&runnumber=Colin_Komar_030811_1


Example Project Using CCMC
• We traced field lines and found 

locations separating all four regions 
of magnetic connectivity 
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Example Project Using CCMC
• We traced field lines and found 

locations separating all four regions 
of magnetic connectivity 

- Magnetic separators

• We developed a new technique to find 
separators for multiple clock angles 
(Komar et al., submitted to JGR) 
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Example Project Using CCMC
• We traced field lines and found 

locations separating all four regions 
of magnetic connectivity 

- Magnetic separators

• We developed a new technique to find 
separators for multiple clock angles 
(Komar et al., submitted to JGR) 

- θ = 30°, 60°, 90°, 120°, 150°, 180°
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Example Project Using CCMC
• We traced field lines and found 

locations separating all four regions 
of magnetic connectivity 

- Magnetic separators

• We developed a new technique to find 
separators for multiple clock angles 
(Komar et al., submitted to JGR) 

- θ = 30°, 60°, 90°, 120°, 150°, 180°

• We characterized separators as a 
function of θ and found that they 
rotate around the magnetopause
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Example Project Using CCMC
• We traced field lines and found 

locations separating all four regions 
of magnetic connectivity 

- Magnetic separators

• We developed a new technique to find 
separators for multiple clock angles 
(Komar et al., submitted to JGR) 

- θ = 30°, 60°, 90°, 120°, 150°, 180°

• We characterized separators as a 
function of θ and found that they 
rotate around the magnetopause
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y

z

z

y

Separators are important for 
locating magnetic reconnection 
at the dayside magnetopause.
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• CCMC information, models, and on-line run 
requests located at:

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

• Thanks to collaborators Paul Cassak, 
John Dorelli, Alex Glocer, and Masha Kuznetsova. 

• Travel support thanks to:
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Thank you for listening!!!
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