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Community Coordinate Modeling Center

Established in 2000 as an essential element 
of the National Space Weather Program

to facilitate research & development for the 
next generation of space environment modeling capability. 



Models accessed and used 
by developers only.

“Valley of Death” between 
research and  space weather 

applications

MODELS	
  

Prior to CCMC 




CCMC transformed  the 
way how advanced models

are utilized in research
 Pioneered the path from 

Research  to Operations 

http://ccmc.gsfc.nasa.gov

CCMC is a Game Changing Solution


Dissemination


MODEL

S	
  

DATA	
  



Key Elements of Space Weather 

Forecasting and Analysis Capability 




Space Weather Predictive Capability System




Research-Data-Models-Dissemination-Prototyping-Operations

Space Weather Predictive Capability




Dissemination
Flexible Infrastructure 

Tools, Databases
Actionable Displays

Hands-on
Education 

Simulation 
Services

(> 16,000 runs)

CCMC Assets & Services  


Assessment 

Scoreboard

Skill 
Score

Models

(expanding collection: > 80)

Space Weather 
Research Center

Space Weather
 Services

 for NASA’s missions 
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CCMC Web-Based Signature  Services


Runs-on-Request System 
An interactive system to serve advanced models 
to the international research community 


Integrated Space Weather Analysis System 

•  Real-Time & Historical Model + Observational Data 
•  Actionable Products (Cygnets) 
•  User Configurable, Interactive Displays 
•  Web Services 

A system for real-time space environment monitoring,  
event analysis,  system science,  and education.


•  User-configurable input parameters and settings. 
•  Comprehensive on-line visualization & downloads 
•  Users advising and custom simulations.   



CCMC Statistics: SIMULATION SERVICES




Runs-on-Request 
Valuable and highly utilized resource

Usage Summary (March 2016) 



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


Integrated Space Weather Analysis System 



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


•  22,000 users in 2015,  
•  2.6 Millions iSWA Cygnet Requests Per Month 
•  282k Mobile Space Weather Apps Downloaded 

iSWA	
   2014	
   2016	
  
Data	
  
Streams	
  

500	
   1000	
  

Cygnets	
   360	
   600	
  

Integrated Space Weather Analysis System 



Converter (C)

KameleonJ (Java)


Kameleon Converters:


Goal: To facilitate access to space weather models hosted at the CCMC 
and enable scientific discovery. 

Kameleon Interpolators

API: C++,Java,Fortran,Python


User Analysis


CDF/HDF5 
+metadata 

Embedded python 
reader/interpolator


Kameleon

Metadata, Standardization, Access, Internpolation


Raw Model Output




CCMC:	
  A.	
  Pembroke	
  

hDp://ccmc.gsfc.nasa.gov/downloads/Kameleon/Overview.htm	
  

•  Tutorials	
  
•  Documenta1on	
  
•  Developer	
  tools	
  

Quick	
  installer	
  for	
  different	
  pla9orms:	
  
•  Gets	
  users	
  up	
  in	
  running	
  in	
  minutes	
  
•  Precompiled	
  libraries	
  
•  Example	
  scripts	
  in	
  Python,	
  C++,	
  C,	
  

and	
  FORTRAN	
  
•  Matplotlib	
  Visualiza1on	
  scripts	
  



empirical 
 data 
assimilation


global 
MHD


empiricala
nalyticl


Ionosphere/Thermosphere Models:

 CTIPe/TIE-GCM/GITM


global 
MHD


High-Latitude 
Electric Potential 

Models


Particle 
Precipitation


Models 


Penetration 
Electric Field 

Models


inner 
magnetosphere


Heelis

Weimer

Foster

Heppner & 
Maynard

Ridley


AMIE

SuperDARN


SWMF

OpenGGCM


LFM


Fuller-Rowell & 
Evans

Hardy et al.

Ovation Prime

Hardy et al.

Ovation Prime

Roble & Ridley


Driven by SWMF:

-  FRC

-  CRCM

-  RCM

Driven by 
Tsyganenko: 

-  RCM 


SWMF

OpenGGCM


LFM


 All drivers are converted to a common format. 

The tool is called as a KAMELEON subroutine to provide values on the grid;


call kameleon (model, time, mlts, mlats, variables, values_output)


Mag-Iono-Coupling  Patch-Panel




•  Designed to study energy and helicity build up in flaring active regions. 

•  Input SDO/HMI vector magnetograms

•  Application of Schuck’s COADRED orbital artifact removal algorithm to 

HMI data

•  Cartesian grid version available for use now


–  http://ccmc.gsfc.nasa.gov/requests/SH/NLFF

•  Spherical & Global Grid versions – soon (June/July)

•  Result Visualization (quicklook - now, interactive – soon)


Non-Linear Force Free Model


Modelers:	
  T.	
  Asfaw,	
  T.	
  Weigelmann	
   CCMC:	
  P.	
  Macneice	
  



•  New	
  approaches	
  to	
  1me	
  evolving	
  global	
  
photospheric	
  field	
  
–  Approach	
  1	
  –	
  Time	
  Interpola1ng	
  WSA	
  

output	
  based	
  on	
  hourly	
  gong	
  synop1c	
  
magnetograms	
  -­‐	
  Odstrcil	
  

–  Approach	
  2	
  –	
  ADAPT	
  (Arge	
  and	
  Henney)	
  	
  
Time	
  Interpolated	
  Magnetograms	
  

Towards Time-Dependent Magnetograms

Progress	
  at	
  the	
  CCMC:	
  

WSA-­‐Enlil	
  2.8f	
  is	
  installed	
  and	
  is	
  offered	
  for	
  RoR	
  
Simula1ons	
  with	
  1me-­‐dependent	
  magnetograms	
  
are	
  available	
  for	
  special	
  requests;	
  

CCMC:	
  P.	
  Macneice	
  Modelers:	
  N.	
  Arge,	
  C.	
  Henney,	
  D.	
  Odstrcil	
  



•  A new SWMF coronal model 
incorporates Semi-analytical 
Threaded-Field-Line model for 
the low solar corona ( 1 – 1.1 Rs)  

•  Speed up SWMF coronal 
simulations on factor of 100  

•  Uses a closed magnetic flux 
rope linearly superimposed on 
the background to initiate CME.


SWMF CME Modeling from Low Corona


CCMC:	
  A.Taktakishvili,	
  R.	
  Mullinix	
  Modeler:	
  I.	
  Sokolov,	
  U.	
  of	
  Michigan	
  

EEGGL Eruption Event Generator (Gibson & Low ) 

Use synoptic magnetograms to 
define location and orientation of 
CME flux rope.   
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Heliosphere-SEP Modeling Patch-Panel


Thursday, 3:55 pm: Leila Mays et al.:

 “Towards Coupled Heliosphere-SEP System”


Modelers:	
  D.Odstrcil,	
  N.Arge,	
  I.Sokolov,	
  
	
  J.	
  Luhmann,	
  N.Schwadron,	
  M.	
  Gorby,	
  J.	
  Linker	
   CCMC:	
  P.	
  MacNeice,	
  M.L.	
  Mays	
  

SWMF	
  Solar	
  Corona	
  

CORHEL	
  

WSA-­‐Enlil-­‐Cone	
  

Monday, 5:10 pm: Matt Gorby et al.:  “Modeling	
  Par1cle	
  Accelera1on	
  with	
  
Coupled	
  MHD	
  and	
  Focused	
  Transport	
  Simula1ons	
  ”




CCMC is facilitating some first steps to couple WSA-ENLIL with 
SEPMOD (model developers  D. Odstrcil and J. Luhmann)


SEPMOD	
  at	
  STEREO	
  B	
  

Coupled SEP modeling at the CCMC

WSA-Enlil+SEPMOD


CCMC:	
  P.	
  MacNeice,	
  M.L.	
  Mays	
  



Monday, 5:10 pm: Matt Gorby et al.:  
“Modeling	
  Par1cle	
  Accelera1on	
  with	
  
Coupled	
  MHD	
  and	
  Focused	
  Transport	
  
Simula1ons	
  ”


CCMC is facilitating some first steps to couple WSA-ENLIL with:

–  EPREM with model developers D. Odstrcil, N. Schwadron and M. Gorby


Coupled SEP modeling at the CCMC

WSA+Enlil+EPREM




•  Installed	
  CORHEL	
  V5.0.1	
  
•  Running	
  at	
  both	
  CCMC	
  and	
  on	
  PLEIADES	
  

Run	
   DefiniWon	
   Nproc	
   WallClock	
  
(HILO)	
  

WallClock	
  
(Pleiades)	
  

1	
   MASP,	
  medium	
  
res	
  

60	
   5	
  hrs	
  35mins	
   4	
  hrs	
  22mins	
  

2	
   MAST,	
  H1	
  
Medium	
  res	
  

60	
   66hrs	
  13mins	
   Run	
  s1ll	
  in	
  progress	
  ?	
  

3	
   MAST,	
  H2	
  
Medium	
  res	
  

60	
   88hrs	
  49mins	
   66	
  hrs	
  15	
  mins	
  
(projected	
  from	
  
incomplete	
  run)	
  

3+	
   MAST,	
  H2	
  
Medium	
  res	
  

240	
   -­‐	
   11	
  hrs	
  56	
  mins	
  

CORHEL Update 


CCMC:	
  P.	
  Macneice	
  Modelers:	
  J.	
  Linker	
  et	
  al.	
  



Global Magnetosphere

 Post Processing Models


RECONX,	
  A.	
  Glocer	
  (NASA/GSFC)	
  
Separatrix	
  and	
  Null	
  Point	
  Finder	
  

AMPS:	
  ParWlce	
  Tracer,	
  	
  
V.	
  Tenishev	
  (U.	
  Michigan	
  
Monday	
  5:45	
  pm:	
  

CCMC:	
  A.	
  Pembroke,	
  L.	
  RastaeDer	
  



I.	
  Honkonen	
  
Wednesday,	
  2:00	
  pm	
  
Local	
  physics	
  models	
  
	
  at	
  CCMC	
  



Yi-­‐Hsin	
  Liu,	
  L.	
  RastaeDer	
  et	
  al.	
  
Wednesday,	
  2:15	
  pm	
  
Opportuni1es	
  for	
  expanding	
  	
  
kine1c	
  simula1on	
  services	
  at	
  the	
  CCMC	
  	
  

•  Fields,	
  Plasma	
  Parameters,	
  Pressure	
  
Tensors	
  (scalars,	
  vectors,	
  field	
  lines)	
  

•  DistribuWon	
  FuncWons	
  (DF)	
  SelecWon	
  
by	
  Region-­‐of-­‐Interest	
  (RoI).	
  

•  DF	
  generaWon	
  on	
  request	
  in	
  RoI	
  
specified	
  by	
  user.	
  	
  

•  Opportunity	
  to	
  modify	
  simulaWon	
  
sedngs	
  through	
  Runs-­‐on-­‐request.	
  	
  

Results for a set of PIC simulations are 
available for on-line visualization



    Assessments, Metrics, & Validation


Forecasting 
Methods 

ScoreBoards

Event-Based M&V 
to Trace Model 
Improvement

Testing predictive 
capability before the 

event onset.

A list of events.
 High quality data.
A library of metrics. 

Simulate the same set of 
events over and over… 

Examples:
CME Arrival Prediction

Storm onsets
Flare Forecasts
SEP Forecasts

Components:
•  database of space 
environment impacts

•  database of events & 
forecasts

Examples:
TEC, Neutral density,
Auroral boundaries, 
Ground magnetic  

perturbations dB/dt 

Surface Charging[2003] 10/27 - 10/30

[2006] 12/13 - 12/16

[2010] 04/04 - 04/07

[2011] 08/05 - 08/07

………………………


Correlate Impacts 
with Space 

Environment Events 

Satellite Drag



Ensemble Forecasting of 

Space Weather Events Onset


•  Collecting and displaying event forecasts from multiple 
models & different sources in a Scoreboard


•  Generate experimental international community-wide 
ensemble forecasts. 

•  Demonstrate operational potential to users.


Testing Predictive Capabilities Before Event Onset


ScoreBoard	
  Discussion	
  MeeWng	
  	
  
Thursday,	
  5:30	
  pm	
  



CME Arrival Prediction Scoreboard 
•  Initiated in 2013

•  There are currently 19 registered methods predicting CME 

arrival time, including entries from the  CCMC, NOAA/
SWPC, UK MetOffice, KSWC, SIDC


•  Total	
  CMEs	
  in	
  ScoreBoard:	
  108	
  
2016:	
  	
  8	
  	
  	
  2015:	
  32	
  	
  	
  	
  2014:	
  46	
  	
  	
  	
  2013	
  (march	
  start):	
  	
  22	
  



Flare Scoreboard:
Ensemble Solar Flare Forecasts



Flare Scoreboard 
Activity initiated in Nov 2014 	
  

Coming soon: http://ccmc.gsfc.nasa.gov/challenges/flare.php


7 models, more are coming




Example of discouraging & misleading Skill Scores


Negative Prediction Efficiency (based on RMS):  - 0.2 

(model performance is worse than “no perturbations” benchmark)


ABK	
  sta1on	
  

SWMF	
  simula1ons	
  

Metrics should reflect state-of-the-art and quantify useful 
information that can be derived from the model


Assessment 

is a Challenging Research Task




•  Community-wide Modeling Challenges.
-  GEM (2008) – Magnetosphere, 
-  CEDAR (2009) -  Ionosphere

•  CCMC facilitates Challenges and serves as a hub for collaborative 
development:
-  Organize discussion meetings, sessions, workshops.
-  Develop web interfaces and analysis tools, maintain archives.

 Event-Based M&V Challanges

Ja	
  Soon	
  Shim	
  et	
  al,	
  
Thursday,	
  2:30	
  pm	
  



! NOVICE
! Radiation effect code for spacecraft and/

or component in complex geometries
! NAIRAS (Nowcast of Atmospheric Ionizing 

Radiation System)
! Models and assesses radiation exposure 

levels for aviation from GCRs and SEPs
! CARI-7

! Calculates radiation dose from GCRs 
received by airline passengers/crews

! Badhwar-O’Neill (BON) 2014 GCR model
!  Latest Badhwar-O’Neill model of Galactic 

Cosmic Rays

HST	
  	
  	
  from	
  NOVICE	
  

NAIRAS	
  

BON	
  2014	
  

Modelers:	
  ,	
  M.	
  Xapsos,	
  	
  C.	
  Martens,	
  K.Copeland,	
  P.	
  O’Neill,	
  S.	
  Golge	
  	
   CCMC:	
  Y.Zheng	
  



Space Environment Effects (SEE) Database 


Allow	
  mission	
  specialists	
  to	
  submit	
  SEE	
  reports	
  

Allow	
  users	
  to	
  search	
  SEE	
  archive	
  

CHANDRA	
  Radia1on	
  Effect	
  

Database	
  Of	
  No1fica1ons	
  Knowledge	
  Informa1on	
  (DONKI)	
  	
  

Link	
  SEE	
  reports	
  to	
  space	
  weather	
  ac1vi1es	
  in	
  DONKI	
  
database	
  (Flare,	
  CME,	
  HSS,	
  Geomagne1c	
  Storms,	
  etc)	
  

CCMC:	
  Chiu	
  Wiegand	
  



 Mission Support Pages

CCMC:	
  Leila	
  Mays	
  



ObjecWves:	
  
•  Address a need for a hub for the community to easily search 

and obtain simulations data for their own research

•  Enable easy model-data comparisons

•  Enable easy linkage between different CCMC databases 

(RoR, iSWA, DONKI, ScoreBoard)

•  Enable community to build a wide range of tools and front-

end applications utilizing simulation data from CCMC 

Status:


•  Database design based  on SPASE and IMPEx 

•  Web interface allowing  to enter model information

•  Web service interface allowing applications to obtain model 

information (JSON format)	
  

CCMC Databases Re-Architecture

Models, Simulations and Beyond  


Friday,	
  3:20	
  pm:	
  Chiu	
  Wiegand	
  



Domain 
Experts 

(Scientists)

Space  
Weather  

Forecasters 
& Analysts


(SWRC)


Software 
Developers 
& System 
Engineers	
  

CCMC Talent

represents the entire space weather community




CCMC	
  Staff	
  	
  	
  

Leila Mays 
(Acting Deputy) 

R.Mullinix 

Anna  Chulaki 

P. Macneice 

M. Mendoza Kiran Patel 

L. Rastaetter Ja Soon Shim A. Pembroke Chiu Wiegand 

S. Bakshi M.Kuznetsova 
(Director) 

NASA+NSF	
  
	
  ~	
  13	
  FTEs	
  	
  

A. Taktakishvili 

Yihua Zheng 
A. Pulkkinen (Lead) 

Y. Collado-Vega 

SWRC	
  Team	
  (GSFC	
  ~	
  1.5	
  FTEs)	
  	
  	
  

B. Thompson J. Boblitt 
+	
  post-­‐docs	
  
+students	
  



•  CCMC is: 
-  Asset of  International Space Weather Community.
-  Assess point to state-of-the-art capabilities 
-  Fast response unit to emerging community needs. 
-  Playground for scientists (facilitate understanding).
-  Hub for collaborative research & development of 

Space Weather Analysis and Prediction Capabilities.
-  Resource for hands-on education. 

Outlook

•  CCMC staff is a part of an expanding CCMC Community



Supplementary material



D – Collaborative Development  
E – Evaluation P – Pending
A – Active R – Retired   

Models at CCMC: 
Installations, Upgrade, Status   

>	
  30	
  upgrades	
  or	
  
new	
  deliverables	
  





Data Management, Metadata, Standardization, Access 

•  Science Data Formats, Metadata 
•  Data Conversion 
•  Access & Interpolation Library 
•  Reusable Data Model/Framework 

Integrated Space Weather Analysis System 
•  Web-Based Space Weather Dissemination System 
•  User Configurable, Interactive Products 
•  Web Services 
•  Real-Time & Historical Model + Observational Data 

 Database Of Notifications, Knowledge, Information 
•  Catalog of space weather phenomena 
•  Knowledgebase of interpretations, simulation 
results, and forecasting analysis 
•  Online tool for dissemination of forecasts, 
notifications, & archiving event-focused information 

Space Weather Scoreboard 
•  Research-based forecasting methods validation 
•  Scientific community submits forecasts in real-time 
•  View and Compare all forecasting methods 

Space Environment Automated Alerts, Anomaly 
Analysis Assistant ( SEA5 )  

•  Mission/Location Specific Space Environment Tool  
•  Automated/Custom Alerts & Notifications 
•  Assimilate & Display Anomaly Information 

StereoCAT CME Analysis Tool 

•  Determine CME kinematic parameters  
•  Create CME height-time measurements 
•  Create an ensemble of CME measurements 
•  Save and share measurement sessions 

EEGGL Eruption Event Generator (Gibson & Low ) 
• Use observations defining the CME source 

region  (location and flux rope orientation, 
• Generate Gibson-Low flux rope parameters for 

the flux rope emergence models.  

Flexible Data Ingestion Tool 
•  Designed to facilitate ingestion of disparate time series data 
from a variety of sources into CCMC’s existing infrastructure 
•  Describe input data via XML for efficient dataset imports 
•  Generalized parser works with a variety of formats 

Multipurpose Tools, Systems, Databases, Interfaces




|Vx|	
  

CTIPe	
  w/	
  ENLIL	
  RT	
  

CTIPe	
  w/	
  ENLIL	
  Best	
  Fit	
  

CCMC:	
  J-­‐S.	
  Shim	
  Modeler:	
  T.	
  Fuller-­‐Rowell	
  

March,	
  2013	
  

Regional TEC over North American Sector

Driven by Ensemble Enlil (Mean RT & Best Fit)




SRPM	
  Irradiance	
  Model	
  
	
  	
  	
  Status	
  at	
  CCMC	
  

•  Currently	
  output	
  EUV	
  spectra	
  between	
  1.8	
  and	
  200	
  nm	
  with	
  1nm	
  	
  
resolu1on	
  
–  Most	
  variable	
  part	
  of	
  spectrum	
  

•  Posted	
  at	
  ISWA	
  daily	
  
–  iswa.gsfc.nasa.gov/iswa/iSWA.html	
  

•  Will	
  extend	
  to	
  full	
  spectrum	
  in	
  early	
  2016.	
  
•  Long	
  term	
  goals	
  

–  Solar	
  
•  ROR	
  use	
  –	
  user	
  supplied	
  masks,	
  customized	
  resolu1on	
  runs,	
  archival	
  runs	
  etc	
  

–  Stellar	
  
•  Build	
  ROR-­‐like	
  facility	
  to	
  generate	
  irradiance	
  spectra	
  for	
  use	
  in	
  modeling	
  
exoplanet	
  atmospheres	
  

•  Ini1ally	
  for	
  solar	
  like	
  stars	
  only	
  
•  Later	
  to	
  support	
  user	
  modifica1on	
  to	
  ρ(r),	
  T(r)	
  profiles	
  of	
  different	
  feature	
  types	
  



low	
  lat	
  (0°<	
  lat	
  <	
  25°)	
   middle	
  lat	
  (25°<	
  lat	
  <	
  50°)	
  

high	
  lat	
  (50°<	
  lat)	
  

CCMC:	
  J-­‐S.	
  Shim	
  Modeler:	
  T.	
  Fuller-­‐Rowell	
  

Regional TEC over North American Sector

CTIPe driven by  Enlil Cone Model 


Ensemble Forecasts


March,	
  2013	
  

IMF orientation 
uncertainty impact on 

regional TEC

at different latitudes.



