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Workshop purpose

» Assess (evolution to) CCMC state-of-affairs
— What went well
— What could have gone better

* Provide mput for future directions
— Science service
— Operations service
— Collaborations with modelers




“A US multi-agency partnership to enable,
support, and perform the research and

development for next generation space
science and space weather models”




CCMC goals
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CCMC computing resources

Eps & ~700 CPU Beowulf system,
EE o sponsored by NASA, NSF,

AI'tCd O A A.A




What 1s new?

An (incomplete) synopsis
of changes and events 2008-2009




Models hosted by CCMC

Services Available
Domain Model Name Developer(s) | Institution Model Class Runs Real Source
Instant . .
on Run Time | Widget | Code
Request Run on ftp
J. Linker, Z.
CORHEL hl.”’;n‘heﬁff PSI,AFRL, | physics-based =
COUPLED SOLAR - MAS/WSA/ENLIL Riley, N. Arge, U.Colorado MHD
HELIOSPHERE D. Odstreil
Tamas Physics-based
SWMF/SC/IH Gombosi et al. CSEM MHD X
SWMF/BATS-R-US Tamag Physics-based
COUPLED MAGNETOSPHERE . Gombosi et al., CSEM X
with RCM MHD
R. Wolf et al.
J. Linker, Z.
CORHEL hl.";n‘heﬁ; RI', PSLAFRL,  physics-based |
, P.
MAS/WSA/ENLIL Riley, N. Arge, U.Colorado MHD
D. Odstreil
J. Luhmann et SSL/UC Potential
PESS al. Berkeley Magnetic Field X X X
WSA/PF with CS Nick Arge AFRL Potential-based X X
Tamas Physics-based
SWMF/SC/IH Gombosi et al. CSEM MED X




Models hosted by CCMC

Bill Abbett,
Dave Bercik, physics-based
ANMHD George Fisher, UC Berkeley MHD
Yuhong Fan
J. Linker, Z.
CORHEL h?“;nﬂ“eﬁfb PSI, AFRL, | physics-based
MAS/WSA/ENLIL Riley, N. Arge, U.Colorado MHD
D. Odstreil
Tamas Physics-based
SWMF/SC/IH Gombosi et al. CSEM MHD
Univ. of .
ENLIL D.Odstrcil | Coloradoat | Lrysics-based
MHD
Boulder
ENLIL with Cone Univ. of Physics-based
D. Odstreil Colorado at
Model MHD
Boulder
Heliopherle | Bl | cusyucsn | Dae
HELIOSPHERE
NS Exospheric Solar H.Lamy, IASB Physics-based
Wind V.Pierrard Kinetic
Physics-Based

Lagrangian




Models hosted by CCMC

Kinetic Model
for Primary
Transport
(Energetic
N. Schwadron, Particle
L. Townsend, Radiation
R. Squier, F. . Environment
- Boston Univ., .
EMMREM Cucinotta, M. | {7 renn NasA | , Model;
H.Kim, K. JSC Physics-based
Kozarev, R. Secondary
Hatcher, M. Transport
PourArsalan Model
(EMMREM
looping version
of BaRYoN
TRaNsport
BRYNTRN
Code)
Global Magnetosphere:
Dr. Tamas Physics-based
BATS-R-US Gombosi et al. CSEM MHD
Tamas .
SWME/BATS R-US | Gombosi etal, CSEM Physics based
R. Wolf et al.
Joachim
Raeder, Space Science | Physics-based
OpenGGCM Timothy Center, UNH MHD

Fuller-Rowell




Models hosted by CCMC

MAGNETOSPHERE

B A

Tsyganenko Russia

Pekka Phvsics-based
GUMICS Janhunen FMI YSICS-Dase
MHD
et.al.
John Lyon,
Slava Merkin, Dartmouth hvsics-based
LFM-MIX Mike College/Boston P ySMHD
Wiltberger, University
Peter Schmitt
W. Horton, M.
L. Mays, E. Univ. of Texas -
WINDMI Spencer and 1. at Austin physics-based
Doxas
Inner Magnetosphere:
Fok Ring Current MEI_%Ekmg H. NASA, GSFC | Physics-based
Contact
AE-8/AP-8 Person: D. NSSDC, GSFC, .
RADBELT Bilitza, NASA Statistical
NASA/GSFC
Geomagnetic Field Models:
Susan TAGA Working
IGRF Macmillan, Group on Statistical
Stefan Maus IGRF
Nikolai Univ. of
Tsyganenko Model St.-Petersburg, Statistical




Models hosted by CCMC

Ionosphere/Thermosphere:
Joseph Huba, NRL and
SAMI2 Glenn Joyce, Icarus Physics-based
Marc Swisdak | Research, Inc.
Timothy
CTIP Fuller-Rowell NOAA SEC Physics-based
etal
J. Vincent sp“‘" .
ABBYNormal Environment | Physics-based
Eccles et al. .
Corporation
IONOSPHERE/THERMOSPHERE R.W. Schunk,
L. Scherliess, Physics-based
USU-GAIM J.J. Sojka, thh Sta?te data
D.C. University ey
assimilation
Thompson, L.
Zhu
s URSI/COSPAR
IRI ND, 'SB! ll,gg"’l;c Working Statistical
Group on IRI
Ionosphere Electrodynamics:
. Daniel R. Solana ..
Weimer Weimer Scientific Inc. Statistical
Atmosphere:
MSISE A. E. Hedi retired from. Statistical
PR TEA T NASA, GSEC




Models hosted by CCMC

ModelWeb Catalogue and Archive

Instant Runs and Runs on Request

Commurity Coondruted Medeleg Canter [COWC) | Soddard Space Pigh o

Opliors o ran madals and view resalls using onfne inlerface are now awailabie on the COMC websile

COMC nstart Runs
CCMC Runs on Regues!

Maodel Catalog and Archive:

+ AFGL lan Predcipilation Model [infs]
+ AFGL Electron Pracipitation Madel [info]
* Rice Eleciran Precipitation Model [infa]

Miscellaneous Auroral Models

* Aureral Absorplion Model [irfa]
# Aurpeal Oval Represaration [info, fig]

Plasmasphere Models
» Akebeas Model [irfs)

* IMAGE Matel [infs]
» IZMIRANSM) Model fink)

Atmosphere modeals [info]
Density and Termperature Models

Expephanc B Madal [ints, ip]
NALMSISE-00 Mogel [infz, N, link]
MEISE-20 Model [inks, Nip, RUN |
MEIS-B8 Model [info, i)

MET Mo [infs, fip]

CIRA: Thermasphera [infs]

CIRA: O ki ba 120 km [infa, fip]
OLDER MODELS [ore-1985)

A

Wind Models
= Horizontal Wing Madel [HWM) [infa, fp]

lonosphare Models [info]
General Medels

« Incohenent Seatber Radar Madels [nfi]
+ IRl [inf, R, RUN ]

Electron Density Models

* PIN Madel [info]
* FAIM Model finf]
» SLIM Model fink]
+ OLDER MODELS fore-1985)

F2-Peak Medels and Applications

« WEBMOD lonosphanic Scintllation Mode| [infe, Ink|
* URSITaF2 Model Maps [infa]
» OLDER MODELS (pre-1365)

Electron Temperature Models
+ Hinatori Model [infa)
= Interocsmos Model [inf)

« OLDER MODELS [pre-1383)

len Composition and Drift Models

» Inl@roosmos lon Composition Model [infa]
= OLDER MODELS (pre-1985)

Electric Convection Field Models

* Happne-Maynard-Rich Eleciic Field Model [info, fg)
* [ZMIRAN Elesiradyn Aodel (IZWVEM) [infa, link]
* Ltah Electic Conveclion Field Madal [infe]

+ OLDER MODELS (pre-1985)

Auroral Precipitation and Conductivity Models
= AFGL lon Predpitation Modal [infz]

Gravitation'Geopotential Models
= Eamh Gravilatiaral Model 2008 (EGM200E)
| iries, Erik]

Geomagnetic(Main) Field Models [info]
General Modals

» |GRF Model [ fig, info, link, RUN]

Miscellaneous Geomagnetic Field Models

s USGE Model Coafficients
Tow Contnenlal U5, and Hawaii [inf]

» GSFC Model Caelficiants: AN fg], [11/87) [irfs], (12/E3)
linfal. (2&0) finfo], (12/84) [inf], (385} finfa]

s OLDER MODELS

Magnaetospheric Field Models [infa]

s Tofalefto-Hill Magnetasphers Madeal [link]

= XurLi Newlral Shest Model [infa, fip]

» User-Orientec Serice Based on Exlermal and Inlerral
Gearmagnetic Field Madals [RUN)]

* Taygarerks Magrelic Field Models
and GECPACK roulines [ info, link, url]

= OLDER MODELS {pre-1373)

Solar and Interplanetary Space Medeals
Solar Reference Spectra

= SolarZ000 Madal [link]
= OLDER REFERENCE SPECTRA

Solar Enargatic Particle Models

& Nymmik Salar Energetic Paricdes Madal [link]
* JPL Pratan Mogel [ins]
= SOLPRO Madel [infz, fip]

Cosmic Rays and Related Software
» Geamagnelic Cutelf Rigidity finfo, iy

» Spacecrall Aromaly Dala Basa [info]
# CREME Programs [infa, link]

Planaetary Models [infa]
General Modals

= EPIC gereral cirsulation model [link]
Venus Modals
& PV lonospbane Model [inka, ip]

* GPID Model fink]
+ GCPM Medal [infc] link

Trapped Particle Models [info]

& WAMPOLA PROGRAMS [inlg]

# SHIELDOSE [irde, Np, link]

= RADSELT [ info, fip, RUN ]

* AEMAP Trapped Parlicle Flux Maps [info, ip]
# OLDER MODELS (sre-19E5)

* PV lonosphare Moded [infa, fip]
» PV Tharmosphere Magel [irfa, ip]

Mars Models
= Wars General Cireulation Medel (GCM). [link]

Jupiter Models
* Galiles Inlerim Radiation Ervironment (GIRE) model [link]

Other Model Related Sites

» NASA= Commurity Coordinated Madeling Cenler (CCMT)
[lirnk]

* ESA's SPace ENVironmean! Information System [SPENVIS)
[lienke]

» Opan ChannelCOSMIC softwarse depositary [link]

® Rice Univarsity Space Waather page [link]

+ URSISS Sessian en lorospheric Data
ard Modets on the WANW [link]

Older Models:

Oldar Atmospheric models [info]
Density and Temperature Models
* L5, Standard Atmosphere [infa]
= Jacchia Reference Almesshere [infa, iy
» Atmospheric Handbook [infa, ink]

Oldar lonosphers Models [info]
Electron Density Models
+ Chi lanaspheric Moded finfo, fig]
» Benl lanaspheric Mode finfa]
= Penn State Mk 1l Mogel [inf]

F2-Peak Models and Applications

* CCIR foF 2 and M{3O00)F2 Moded Maps [info]
» 185-b foF2 Maps [nfo]

+ MINIMUF/QSTMUF Model firdz)

= IONCAP Model [int]

Electron Temperature Models

+ AEROS Elestran Termperature Model [infs]
» AENSIS Elestran Ternperature Models [infe]

len Composition and Drift Models

* DY loa Compesilion Moded [infa]
= ISR lon Deilt Madel [infz, fip]
* 5L Sanlin loa Drift Medel finf]

Electric Convection Fleld Models
» Pelar Cap Poteriial Drep Medal [nfo]
= Wallard Eleciric Field Mol [infe]

+ Healis Elaalris Comvection Fiakd Moded finfa]
= Millsione Hill Electric Fiaki Model [infa]

» Dunsily Depandenl Elactron Temgeralune Madel [infs]

Older Trapped Particle Models [info]

» MODEL Prageam [ink]
» FLOUT Transfoeratian [infe]
» SOFIP [infs]
Older Gravitation/Geopotential Modeals

» Olger Earth Gravilational Medels Earth Graitational Moded
1996 (EGMD4) [irz],

Older Geomagnatic{Main) Field Modeals [info]
Miscellaneous Geomagnetic Fleld Modals

& Jensen-Cain Model Coeffigents [inf, i)
» POGO Moded Coetficerts: (386} [info],
(10468 finfo], (2/583) [infc]. (8771} fino]
» AWC [75) Moddel Couficients [int]
* 1G5 (75) Model Coefligients [inf]
« MGST Model Cosfficiants All [ ], (6/80) finfa],
[4/81) irfo]

Older Magnetospheric Field Modals [info]

s Olsen-Plilzer Fiakt Model [in]
» Wead-Faifiel Pl Model finf]
* Geobail Fiald Model [info]

Solar and Interplanetary Space Modals
Solar Refarence Spectra

= Revised SERFZ Solar EUY Flux model [ info, fig)
* ELV Relarance Specinum 74113 finfo. fp]




CCMC web site - new functionality

CoMMUNITY
CooammaTin
MoorLinG
Cerimen

Related Links | Freguently Asked Questions | Community Feedback | Downloa

About US  Space Weather Models at CCMC  Reguest A Model Run | View Mode! Run Results | Instant Run = Experimental Rea-Time Simulations

CCMC Services

CCMC Mission Statement

The CCMC is a multi-agency partnership to enable, support and perform the research and development for next-generation
space science and space weather models.

» Announcement: Due to seheduled electrieal work at Goddard the CCMC website will be down on Saturday,
January 23rd, between 6:30am and 1:00pm

* We provide, to the scientific community, aceess to modern space research models

N o * We lest and evaluate models
GEM Modeling Challenge * We suppart Space Weather forecasters
CCMC is supporting GEM 20082009 Modeling Challenge organized by the GGCM Metries and Validation Focus Group. Note + We support space stience education

that the new DST index metric study has been added to the challenge! Challenge results were discussed at the "
pre-AGU GEM Mini-workshop held on December 13, 200G, Latest Additions to the CCMC Services

Find out more « Integrated Space Weather Analysis System is a web-based dissemination system for NASA-relevant space weather

Model Additions/Updates at the CCMC information.
s CORFIEL Va.2 supports two eoronal models (MAS and a new CORHEL implementation of the Wang-Sheeley-Arge * Space Weather Awareness at NASA space weather information portal.

method) and twa Heliospheric {MAS and ENLIL} and offers six possible model combinations. It works with synoptic

magnetograms from six different observatories. * L'WS Supported Tools and Methods

The new Heliospheriec Tomography modzl developed for Solar Mass Ejection Imager (SMET}, the Air Foroe /NASA = Kameleon software: model output from different models can now be stored uniformly in a common science data format.
- s.aLeLli;: ].il!J.Ll(‘hT!'(; On_rJlmw:, 6';;0;’3“"15 now avn;ablgl- = 5 ager ( D, B on N Users can request the CDF-formatted output for a CCMC run.,
s ¥ 6, 3 .

« Movies on Request: vou can now reguest 1o generate a movie, images and ASCII data files for each lime step of a model run.

o CCMC Space Weather on Google Earth: CCMC is now providing space weather-related Google Earth overlays.

SBOTCES& o ©

Curator: Anna Chulaki | NASA Official: Dr. Michael Hesse | | Privacy, Security Motices




Science user support

- One stop shopping for modern space science modéi
- Easy access to modern models for non-experts

- Simple-to-use, unified interfaces

- Advanced, tailored visualization tools

- Continuous improvements through user feedback \H\
A




Solar and heliospheric models
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Solar and heliospheric models

12/22 /2005 Time = 16:48:54 UT r= 1.00Al

Model at CCMC: EMLIL



é\/'
Q Solar and heliospheric models

ANMHD flux emergence model/G. Fisher - UCB

Model installed, available for RoR
P. MacNeice



Solar and heliospheric models

04/17 /2008 Time = 08:00:47 UT r= 1.57AU

— 100,

Model at CCMC: Helicspheric Tomography



Solar and heliospheric models

18 118 113 10 T 14 1 12478 12/28
£ WSA: various updates,
: different data sources
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Magnetospheric models

12/31 /2007 Time = 21:00:00 UT y= 0.00R;
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Magnetospheric models

11/23/19%3 Time = 23:00:00 UT y= 0.00R;
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Magnetospheric models
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Magnetospheric models
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I'TM models

AbbyNormal (Eccles):
o [ RT runs

13 3%

Ma [om™]
74086,

Madel ot CCMC: USU—GAIM



I'TM models

12/14 /2008 Time = 12:00:00 UT H= 350,

Lat [ *]

—50. ’

badel at CCMC: TIEGCH



I'TM models

J. Retterer/AFRL S4 -Scintillation Index

In implementation | T —
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Models
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New research tool: Field line tracing

0% /08,2002 Time = 03:00:00

Northern Hemisphere Southern Hemisphere
golid line: computed boundary between open and cloged fialdlines

T =
- 1 -

y dawn  dusk

|
GLAT=40.C J [,ill_-lr_lﬂ.a_-'

—.253

midnight » clusterd alaTaly
Maodel at CCMC: BATERUS



New Capabilities: Movie Making

(allala Visualization of 3D data at CCMC =

La]|r (e )& )0 nup/rcnegstenasa.gov/cgi-bin/run_idi3d.coitdir=2178 2 * LGk Google L
Go back to web page of run 2

(Uptewpir | Update Plot will update (generate) the plot with the chosen time and plot parameters below.
This will take some time (typically 10-30s) as data is read in and processed.

C] Choose data time:

" Date: 2000/01/01 Time: 02:00:00 18} M
- .ur - -
Z Change time by moving Fhot Ghitlovs —
1 cutput steps ¥ Exclude region around the Earth upto s
Ry
- o~
" Create GIF movie with current plot ( a“g;nmg‘ “:mn "f.L*aJJ@l-‘I fines)
settings (not for SWX plot modes) 2 ?ﬁ'm} JoAG : o
Note: This is a queue submission system Line thickness |1 2] (flow lines, arrows) W
requiring the following three additional inputs: Character thickness | 1 7#) (all annotations)
o Start Time: # Allow variable plot image size
[ Date: 2000/01/01 Time: 00:00:00 %) (all 2D plots: aspect ratio dx/dy between 0.3 and 4)
« End Time: ' Show simulation grid (disabled with
Date: 2000/01/01 Time: 02:00:00 18 ID-Surface)

* Email address for notification (replace _ Show magnetopause (positions in 2D culs
the example email address with yours):  passing within 12 R, of Earth will be listed at the
Note: The movis wil borequestedbut  Torioen)
: 1he movie requiesing bu Tolerance (between 0.01and 1 R ): 001
NOT be shown in this interface. You i e
will get an email with a download URL ¥ Interpolate data onto equidistant grid
when the request has been completed (available with 3p-surface and vector; recommended
(this will take at least a few minutes). for plots with vectez)
Only one request can be pending at a
time for each client IP or email address.

] Choose quantity to be displayed (some Plot Modes require up to
Coome St Mod: three choices);

feertaman 20 _ e o2:(N  Weoxnn W) L.




New capability: Time series

aes11_17820 Start date, time:

M [erm™] 3/20/2002 Time = 13:00:00 B, [nT] W, [girﬂ]

?.5{."0—_ 'll 114.0 _:;

] 112.0 F 2009
000 T

] 110,06 £ 10.00
6.500 - E

: 108.0 £0.00
106.0

F-10.00

13:20
0,083 0661

—B.527  —B.50¢

1.027 0963
Model ot CCMC: BATSRUS




Innovative dissemination:
Space Weather Explorer

D. Berrios



Space Weather Explorer




RoR and service usage

Runs on Request Cumulative Growth

3500
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1000
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BGkoba Magnetos phane BirnerMaonetosphere @ lonosphersThemosphen: 0 Solar and Hebosphens




Examples of Space Weather Tools




Space weather tools: benefits

- Facilitate model evaluation through a relevant product

- Support NASA robotic mission ops (direct) and human
missions (through SRAG)

- Support bootstrapping of services at partners in government and




Flare monitoring product (U. Bradford, UK)

SOLAR FLARE _ 1925
PROBABILITY — =

03 DRAD E K2

sU0LAE FLAEBRE HMOHITOR

Cenerated by RASAP http: ffepaceweather. inf, brad, ac. uk/f
24f 172010 16: 5 UNIVEERSITY OF BEADFOED




Magnetic connectivity product




' Solar Wind Forecasts

RT ops imminent, addition of WSA
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SEP forecasts

SOHD/COSTEP real—time praten flux at CCMC
ddgta gaps due to limited DSM coverage
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Presently Available Tools
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Magnetospheric information

04/30/2009 Time = 15:24:46 UT z=
04,/30/200% Time = 15:24:48 UT y= 0.00R,

* GDES-11

<@ GDES-12

- — &0,
J[ES

m kodel ot CCHMC: BATSRUS




Magnetospheric information




Magnetospheric information

History plot of Dst from SWMF model

hoursiminutes, Dec, 14, 2008 - Dec, 15, 2008
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Magnetospheric information

WINDMI Results (03/02-03/05/2009)

1 L 1 1 1 L il
12:00 - 12:00 12:00 Jor 1200
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Realtime runs — applications

Solar Shield - Forecasting and
Mitigating Solar Effects on Power
Transmissions Systems in North
America

CCMC and Electric Power Research
Institute (EPRI) collaboration Geomagnetically
induced current
Two-level GIC forecasts
— Level 1 providing 1-2 day lead-time.
— Enlil Cone model vxX B = E,

— Level 2 providing 30-60 min. lead-time.
— GMVJIE driven by ACE data =» E

Coupling to EPRI’s SUNBURST decision
support tool.

A.Pulkkinen, L. Rastaetter


Presenter
Presentation Notes
- Key to accurate GIC forecasts: accurate modeling of near-space electric current systems. SUNBURST is used by the power transmission industry to mitigate space weather damage.


New product: hemispheric heating

Northern Hemisphere southern Hemisphere
solid linet computed beundary betwesn open and closed fieldlines

down dusk

GLAT=50.0 waies [

FE.5

midnight noon
bModel ot SCMC; BATSRUS




Planetary SWx pages

EMLIL at Morg
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Near future; EMMREM

Time-Dependent
Radiation Exposure

EMMREM
(HETC HEDS,HZETRN,
BRYTRYN)

and Composifion from Output;

LET Spectra

Dosc-Related Quantities

Energetic Particle Obs

STERED, ACE, Wind, Sol#d,
SAMPEX, GOES, LB E T Rﬂdilﬂ.ﬂ EIF.“H Dh

Earth: 155 and Shutile (ST5)
Mloon; LRIV rier

Mars: MSLREAD, Odyasey/MARITE
Accelerator Beam Mehsarcnienls

Sclentific
Exploration & Human
Discovery Exploration



Model evaluations: V&V and metrics

Decision makers and operational agencies need model
evaluations

- Science-based validation: Compare model output to
measurements for select events, detailed analysis




:;._ & Metrics study (AFWA request)

Predicting MeV electron intensity in radiation belt

Evaluated model: Reference Skill Score

> Software predicting MeV electron
intensity at the geostationary orbit Whole Quiet Stormy
» Developed at: APL/UPOS interval
> Input: real-time ACE data . — — —
> Output: polar cap potential persistence

° Quiet vs Storm period Mean 0.2041 0.2294 0.2047

 Now also for Dst model 27-day 0.2935 0.2468 0.3629

Comparison of Actual vs. Predicted Fluxes

100000

10000 — GOES data

4\ *I‘ri*ﬁ L\:\#Aﬁ%
oo | NS NN N NIY oo
100 1% N v WY~

Recurrence Model

10 —— Awverage Flux

Electron Intensity (>2VeV)

7/31/2005
8/7/2005
8/14/2005
8/21/2005
2005
Y4/2005 -
911/2005
9252005
10/2/2005 -

7/17/2005
7/24/2005 -

A. Chulaki




Metrics study (AFWA request)
Dst prediction — RDST model

a) RDst vs. Dst. Set: GUA SJG HER HON b) RDst vs. Dst. Set: GUA SJG HER
1001 Dst = 6.60 + 1.00*RDst € 100 Dst = 3.87 + 0.98"RDst
o Linear corr, 0.95 o Linear corr. 0.93
-100 100
£ 200 £ 200
2 &
-300 o -300
o0 &
-400 i -400 e
- %,
-500 - - -500 -
-600 = 600 -
600 -500 -400 -300 -200 -100 O 100 500 -500 -400 -300 -200 -100 O 100
RDst [nT] RDst [nT]
C) RDst vs. Dst. Set: GUA SJG d) RDst vs. Dst. Set: GUA
100] Dst=076+093'RDst g 100] Dst = -0.51 + 0.90"RDst
ol Linear corr. 0.92 R < i) ol Linear corr. 0.88
-1007 -100°
.-200| £ 200 -
Z 3
300+ -300 -
400 -400' > e
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600" : 0 : : : : 600" : —— : : : — .
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ENLIL cone model: CME prediction

SOHO LASCO C3 RD Images

Enlil Cone Model
CME Arrival Prediction

97-05-13  18:00

Time of CME Arrival

Measure of Uncertainty

Magnitude of Impact




ENMLIL=2.5 lowres WSA—1.6 GONG 2009—-—05—12 O01:04-51 2009-05—12 + .04 doys
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ENLIL cone model: CME arrival time

Arrival Time Error (abs. value in hours1Qeference Model:

1 reference model —
B ENLIL

Average of Halo
CME speed from the
CME catalogue).
V= 850 km/s

25% 12F oo e PP

I 1= | 1 ] 1 ] ] ] 11

ot
L
]
|

Average propagation




Validation

« Ambient/Realtime

Use WSA as baseline

Evaluate both Skill Scores and ‘event’ forecasting
‘Event’ detection algorithm published
Comprehensive WSA validation in press
WSA/ENLIL validation in preliminary stages

SWMF updated — preliminary validation should be

WSA/ENLIL 8kill Score

WSA/ENLIL Skill Score

WSA/ENLIL Compared With WSA Model

1 E
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E c T R e S A
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qE » St 3
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-3f . . 3
F NSO . 3
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Community metrics studies

Metric study 1: Magnetic field at geosynchronous orbit

| Prediction efficiency | Log-spectral distance |

Model Setting ID Model Name, Version Resolution Event

T CCMC ROR Run / Submission 1D Satellites
| Per evenl | Average | Per event | Average
1_CMIT CMITz2.0 LFM + TIEGCM | LFM (53x24x32 grid) + TIEGCM (5x5 I ‘
|deg) I
[ iom [ow [o.3Re oKl I . | |
|_ 1 OPENGGCM '|_0penGGCM v3.1 OpenGGCM + CTIM | 0.3 Re 3M cells _ | _ | | | | _ | | r
| 1 SWMF | SWMF ve.0 BATSRUS v.7.73 | 0.25 Re 2M cells _ | 1 | -0.327 | -0.33 | 1.355 | 1.435 _ | n_:cmc_ccmc_n&zzos_m |2
1_WEIGEL '_Weigel_zuog-vu L L | | | L |
i_ WEIMER Weimer 2005 1 NA or TBD | NA or TBD | NA or TBD |NA or TBD | GEMo8_Daniel Weimer_ogo8og_E1_3 2
2_OPENGGCM (OpenGGCM v3.1 OpenGGCM + CTIM || 0.25 Re 6.5M cells |—
2_SWMF SWMF vz.0 BATSRUS v.7.73 0.25 Re 700K cells 1 1 |-0a3s5 |-0.35 11434 |1.43 |eeme_ecme_o8z208_1 2
3_SWMF SWMF v2.3 BATSRUS v.8.01 + RCM2 | 0.25 Re 2M cells 1 0.17 0.17 1242 | 1.24 CCMC_CCMC_1o02708_1 2
4_SWMF SWMF ve.3 BATSRUS v8.01 | 0.125 Re 3M cells 1 -0.273 |-o.27 1145 l1.15 CCMC_CCMC_122408_1 2
5_SWMF |swmrF v2.3 BATSRUS v8.01+ RCMz2 0.125 Re 3M cells i -0.185 [-0.ag 1586 I 1.59 CCMC_CCMC_o40200_1 |2
6_SWMF .;WSMM;F V.20090403, BATSRUS + 0.25 Re gooK cells 5 NA or TBD NA or TBD NA ar TED NA or TRBD GEMOo8_Asron_Ridley_010606._E1_1 5
2 WEIMER |mew maodel 1 NA or TBD | NAor TBD | NAor TBD |NA or TBD GEMo8_Daniel Weimer_o3o0809_E1_4 | 2
3_0PENGGCM ' 1 -0.635 |NA or TBD | NA or TBD NA or TBD | GEMo8_Alexander_WVapirev_ogogog_E1_1 |2
Tob Tsyganenko Tg6 |
Tog Tsyganenko Tog I




o Cone model forecasting: the next step

* Current Operational system

— Manual generation of cone model parameters from LASCO difference
images

« Automated system (paper published)*

— Fit error estimates define ‘ensemble forecast’ parameter set

Original image Filtered image Binary image
(Dec 13, 2006) (large-scale (bright

i, [, 01-30° G130 Ao-ad]

{V.Xo,0,0}

L2

“CME mass” Sequepce of binary “
images

1 -
gl




Innovative dissemination: ISWA

- B0 iNtegrated Space Weather Analysls System [ ISWA ) @ Version 1.0
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Innovative dissemination: Google Earth

iy To Find Businesses Directions

Fly toeg

Add Content

i: Borders and Labwals
§ Traffic
3+ Weather
¥ Lallery
L4 Ocean

W L Pl . i mmm.u i H . -’*gG{JOSIC

I Places of Interest 5
More 0 2009 Europa Technologies

Terraln 49°05'5705" N BT'43'02.78° W  elew BdBE It Eye alt 791080 mi O .2




R20 workshop (October 2007)

Tool for Space Weather Architecture Planning
- http://ccmc.gsfc.nasa.gov/R20

CCMC/R20 - release 11

« Expose models to operators ' 2006112/15 12:00
Solar
) SOHOEIT 185
* Identify forecast products  Soee%s.,
STEREO WAVES

ACE energetic particles (EPAM, SIS)
Solar magnetogram + magnetic connection (WSA, ENLIL)

Heliosphere

SOHO LASCO C2

SOHO LASCO C3 Running Difference
STEREQ Behind COR2

ACE solarwind atL1 (MAG, SWEPAM)
Enlil SolarWind at L1 (24 hours history)

Enlil SolarWind at L1 (48 hours prediction)

Magnetosphere/lonosphere

SWMF driven by Enlil cone model solar wind (48 hours prediction)
Magnetopause position (equatorial cut)
Magnetopause standoff
lonospheric field-aligned currents and polar cap

Polar cap size
Joule dissipation in ionosphere

Cross cap ionospheric potential difference
Global geomagnetically induced currents (GIC) proxy
Geomagnetically induced total electric field




Approximately 30 individuals from NASA mission operations in person or
through audio-visual remote access.




Space Science Mission Requirements

Higher priority

Lower pricrity
Post- . .
: N . Physical Spatial Tempaoral
Dissemination 3 k Source
pm@essmg,f parameter domain domain
display
Subscribed email Hich Low-Earth orbit
nd text Threshold on/foff 3[:"‘,““ {high indlinztion @
alerts I and SA4)
Flaw data along High-energy Interplanemr'.r Long lead-time
FTF or similar ] |'I e i [1-2 days)
)
/ /
II
TORSS space ( Low-energy Mid lead-time
wiaathar beacon® electrons? kigh Barth orbl {6-8 hours)
web |
Full particle Low-energy Medium-Earth Aeal-time
distributions protons orbit manitoring*
Space weather ,
h;gll,:;ﬂ“ All clear f storm Upger Shaort lead-ime
watch® atmospheric {30-60 min.)*
newtral density
Twitter amd Wik for the
other current system and tha crﬂ'f';: rel:u'.ar;t h_‘-'e-r'p' I]I.:';g Ieai;
technology products i e e L2 weeks
Real-omea
Space weather
workshops annn;:idata
Uncluding characterization of galactic cosmic rays and solar protens
h. regicns.

‘Including auroral electron fluxes

*Palar cap size, magnetic cutoff rigidity, ¥p, Ap and Dst indices, f10.7 flux, location relative to different magsp
Provided that, for example, TORSS space weather beacon can provide the information to spacecraft

“Including infermation about the start time, intensity and the end tme of the event




) US Air Force Weather Agency partnering




Simulation data standardization




Kameleon Software Suite

*  Converts and stores disparate data sets
into self-descriptive standardized files

*  Comprehensive metada model applied to
each file

»  Library provides direct data access to
converted space weather data

* Interpolation, metadata extraction, &
derived variable calculations available

Heliosphere
ENLIL

-l

3
Kameleon

Conversion ° Access @ Interpolation

Library

lonosphere

CTIP

Magnetosphere

OpenGGCM
BATSRUS



Education




Students

Jonathan Conti-Vock

* Thea Falkenberg



Students

* Brian Elliott



Other roles 1n education

« K-12 and college:

— Introduction to magnetosphere (George Siscoe), now web
accessible, demo later

— Support college classes (e.g., UCLA/Ray Walker)

— Supported space weather classes at George Mason and U.
Colorado

— Presentations at local Elementary and Middle Schools




Challenges

*Manage the RoR load

*Manage the data load, incl. archiving

*RT run maintenance




Future of CCMC Research Support

Expand strong service to (international) research community
— Supporting STEREO, THEMIS, IHY ...
— Continue to heed customer feedback

Expand close collaborations with model owners

Collaborate with related activities (CSEM, CISM, ...)

« Make new models rapidly available to science customers

— CCMC is designated repository for LWS/TR&T-produced
models




Future of CCMC SWx Support

« Serves as a tool by which science progress at NASA, NSF, AFOSR, ONR
feeds into Space Weather operations

* Focus on science models with operational benefits

e (CCMC has unique experience in RT ops
e (CCMC has trusted relation with model owners

e Partnering with AFWA, Transition support for SWPC




Thank you!!

- Our Sponsors: NASA and NSF

- The model owners

- Our users
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