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Introduction

The Heliophysics Data Environment provides
essential infrastructure supporting NASA's
Vision to understand “the Sun, the Heliosphere,
and planetary environments as elements of a
single interconnected system, one that contains
dynamic space weather and evolves In response
to solar, planetary, and interstellar conditions”

NASA Sun-Solar System Connection Science
and Technology Roadmap 2005-2035.



HDMC

Yes, we have a rich set of data, but it Is In a wide
variety of places and formats, and available
through a varied collection of interfaces.

Enter the Heliophysics Data and Model
Consortium (HDMC), whose mission Is to
facilitate Heliophysics research by providing
open, easy, uniform, scientifically meaningful
access to relevant resources (data, models,
tools, and documentation) as quickly and easily
as possible.



< HDMC

Some of the HDMC requirements include

s Maintain a comprehensive inventory of data and
related resources.

s Provide discipline specific portals to Heliophysics
resources (VxOs) that add value by providing easy-to-
use interfaces and search tools based on events,
positions, etc.

s Maintain SPASE descriptions of the inventoried
resources (SPASE - Space Physics Archive Search
and Extract - Is a data model that provides a robust
description of data, facilitating discovery). The
current estimate Is that 25% of space-based data
products have SPASE descriptions.



@ - Virtual Observatories (VxOs)

= Discipline specific VxOs were formed by
Individual research proposals in response to a
standard NASA Research Announcement.

» These include

» VHO Virtual Heliospheric Observatory

= VMO Virtual Magnetospheric Observatory

» VIRBO Virtual Radiation Belt Observatory

» VITMO Virtual lonosphere, Thermosphere,
Mesosphere Observatory

» VEPO Virtual Energetic Particle Observatory

= VWO Virtual Wave Observatory

= VMR Virtual Modeling Repository



@ - Virtual Observatories (VxOs)

= The VXOs all provide a number of functions,
most importantly discipline-specific expertise.

» The VXOs provide a means of assuring that data
descriptions are complete, accurate, and useful.

s All the VxOs are committed to providing a
comprehensive set of SPASE descriptions of their
relevant data.
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Virtual Space Physics Observatory - Solar Space Physics Product Finder

A | A |+  nhup//vspo.gsfe.nasa.gov/websearch/dispatcher ¢ | [Qr Go

GODDARD SPACE FLIGHT CENTER
Space Physics Data Facility

+ Goddard Home

+ Visit NASA gov

SPASE

inside

# Product Mame Access Links
1| ACE 27-day Survey Plots + Polar-Wind-Geotail "gif-walk® site get data

+ ACE Science Center

i + ACEICRIS L2 data in HDF via ftp
2| ACE CRIS L2 1-day Z=3-28 flux data
- CDAWED get daka

+ in COF wia ftp from COAWeb

+ ACE Science Center
- ACE/CRIS L2 data in HDF via ftp

Resourco lfg&@

3 | ACE CRIS L2 1-hr 2=3-28 flux data
Measurement type () . CDAWab cek ot
Observatory Group () - in CDF via ftp from CDAWeb
wﬂ.‘@ 4 | ACE Daily Survey Plots « Polar-Wind-Geotail "gif-walk’ site get data
Instrument () . ACE Science Center (ASC)
Ob d i i , +in HOF via ftp from ASC
Dby mighon (1) 5 | ACE EPAM L2 1-hour particle flux data e
Spectral range () - CDAWeb get data

+ in COF via fip from CDAWeb

Eﬂd&nc&@l

Repositary Namc@
Access rights @, 6 | ACE EPAM L2 5-min particle flux data

« ACE Science Center [ASC)
+ in HOF wia ftp from ASC

- COAWeD get data
1] Fnrmﬂlm | || 1 1. im DE siima Ft Froem DAV AR 1 |




Virtual Solar Observatory

4 | | [0#7 A|A + A http://sdac.virtualsolar.org/cgi-bin/search ¢ | |Qr Google

Search for Solar Physics Data Products: o

IF you're new to the VSO, see How To Search, the FAQ or click

the © jcons for online help.

Please select which values you wish to use to search for data
products:

Virtual Solar U[aﬁ::‘w;i‘c:-r‘q
7 Time e
Search by time interval.
Derive time intervals from event catalogs
1 Observable
Search based on physical observables®
) Instrument / Source / Provider
Search based on instruments® or data archives®
1 Compact listing
1 Instrument / Source (not provider dependent)
1 Instrument Only (not source or provider dependent)
1 Spectral Range
Search based on a spectral range
1 Nicknames
Search based on common terms used to describe data products
Note: Nicknames generate an intersection with other search terms, so searching for a
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VHO

Virtual Heliospheric Observatory - Home

A | A | | + @ nttp://vho.gsfe.nasa.gov/

& VIRTUAL
HELICSPHERIC
OBSERVATORY DATAQUERY DOCUMENTS CONTACT TOOLS NEWS

LATEST NEWS LATEST DATA UPDATES

Ulysses KET and ISEE3 HECR Data Added 16 Jun 2009: ISEE 3 12-min Ephemeris (7 files)

Ulysses HISCALE Rates Data Added 10 Jun 2009: ISEE3 Elemental Abundance Ratios (1 file)
Neutron Monitor Data Added 10 Jun 2009: ISEE3 Isotopic Abundance Ratios (1 file)
IMP B CPME Data Added 10 Jun 2009: ISEE3 Isotopic Fractions (1 file)

Vega 1 and 2 Data Products Added 4 Jun 2009: Daily OMNI Data Set (1 file)

Site search...

MAIN MENU
Home
Home
Data Query Ulysses KET and ISEE3 HECR Data Added
Documents Latest News
Lot Wednesday, 10 June 2009
Tools
N Ulysses COSPIN/KET Proton, Helium, and Electron Rates, Proton, Helium, and Electron PHA Count Rates, and
e COSPIMN/High Flux Telescope , Proton and heavier nuclie fluxes have been added to VHO
SPASE-QL

In addition, ISEE3 Elemental Abundance Ratios, Isotopic Abundance Ratios, amd Isotopic Fractions data have




VMO

Virtual Magnetospheric Observatory

A | A | |+ [ nttp:/ fvmo.nasa.gov/ 5 ¢ | (Qr Google

Virtual Magnetosphenc Observatory

Data Query Documents Tools News Links SPASE-QL

™ Home  [.] Contact (F) About

Latest News Latest Data Updates
4 Prognoz 6, 7, and 9 Magnetic Fleld Data Added “ 8 .Jun 2009: THEMIS-A ESA Electron/flon Fluxes and Moments
* Four New Geotall Data Sets Added (788 files)
W OMMI Data Sets Added ¥ 8 Jun 2009: THEMIS-B ESA Electronflon Fluxes and Moments
(T41 files)
% Four New THEMIS data products added
W 8.Jun 2009: THEMIS-C ESA Electronflon Fluxes and Moments
% Three new data products added to VMO
(505 files)
W 8.Jun 2009: THEMIS-D ESA Electron/lon Fluxes and Moments
{183 files)
% 8 .Jun 2009: THEMIS-E ESA Electron/lon Fluxes and Moments

(183 files)

Oth
- Prognoz 6, 7, and 9 Magnetic Field Data Added

Sy Latest News

@® Search [&=] Written by Tom Marock
%7 Monday, 20 April 2009
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Main Page - VIRBO

+ Ehttp:ﬂvirbc.org;‘ ¢ | (Qr Google

Leg in / create account

| article || discussion | | viewsource || history |

1 Introduction

The Data section below has a complete list of available data. Many previously inaccessible
data sets are now available and we plan to continuously add new tools, data sets, and
services of interest to radiation belt scientists. If you have any suggestions, requests, or
questions, email to virbo@virbo.org or look for us at GEM 2009,

VIRBO Status

This is the version 1.0 alpha release of ViRBO. The "alpha" designation means that the
infrastructure of the VxO is nearly complete.

In general, many ViRBO web pages are functicnal. Some features are not available for all
data sets. To see an example of a data set with all of the possible features enabled (except
the fully enabled data subsetting and filtering server), please see the Augsburg/ULF page.
The features that are not available are listed in the Development Motes section on the page
associated with each data product. A more complete list of pending projects is listed in the
Active Projects section.

About VIRBO

VIRBO (Virtual Radiation Belt Observatory) is one of the domain-specific virtual cbservatories
that began operations in Fall, 2006 and is funded under the NASA Heliophysics Data
Environment & program. As part of this project, we have developed or extended a number of
existing software codebases. These codebases have cross-VxO uses, and we are developing
them to be re-usable by other virtual observatories.

= Autoplot & - Visualize many space science data resources.
m VvlThware #F - The metadata csearch and edit enaing that ViEBBRO 1cas @7




HOME | SEARCH

VITMO

Virtual lonosphere Thermosphere Mesosphere Observatory (VITMO) Web Site

+ A http:/ /vitmo.jhuapl.edu/

Virtual ITM Observatory

¢ (ar

About VITMO

VITMO Architecture
Latest News
Products Currently
Available Through VITMO
Data sets Coming to
VITMO

Tutorlals

FAQ

Presentations

Links

Help

VITMO - A Data Discovery System for lonosphere
Thermosphere Mesosphere Data

Welcome to the Virtual lonosphere Thermosphere Mesosphere
Observatory, a data discovery system that allows the user to find
previously unknown data sets as well as old familiar ones through a
single, easy to use interface. Click on the button below to initiate a
query of space physics data sets which integrate data, services and
tools across many missions, data centers, agencies and countries and
suggests related models to use with your data.

The Virtual Observatory for the lonosphere Thermosphere Mesosphere
Community (VITMO) is being implemented at JHU/APL and provides
data covering the lonosphere Thermosphere Mesosphere (ITM). The
ITM region is observed by ground based remote sensing instruments,
satellite based remote sensing instruments, and in-situ satellite
instruments. In addition, there are external drivers in solar radiation and
the solar wind and magnetospheric particle inputs. A Virtual Observatory
that covers the ITM region needs to deal with the large diversity of data
types in the study of this region.

Some unique features about VITMO include the following:

Latest News

Products previews now available
without selecting products for

downloading - March 23, 2009 [read

more]

Preducts currently available through
VITMO now supports Get Information
Buttons - March 15, 2009 [read more]

VITMO now automatically supports
multiple time intervals in CODAWeb

products - January 8, 2008 [read more]

View All News >




VEPO

Virtual Energetic Particle Observatory (VEPO)

A A/ + @ nhtp://vepo.gsfc.nasa.gov/

+ Goddard Home

NATIONAL AERONAUTICS + NASA.gov
AND SPACE ADMINISTRATION + Heliophysics Science Div.

+ Helicspheric Physics Lab.

Virtual Energetic
Particle
Observatory

+ Introduction

+ Energetic Particle QUERY
(via VHO)

+ Data Products

+ Organization

INTRODUCTION

The Virtual Energetic Particle Observatory (WVEPQ) serves the heliophysics data user
community as a focus group component operating within the domain of the Virtual Heliospheric
Chservatory (WVHO) for improved discovery, access, understandability, and usability of energetic
particle data products from selected spacecraft and sub-orbital instruments within the VEPO
Data Source Environment. more...

NEW DATA PRODUCTS

e |SEE 3 High Energy Cosmic Ray (HECR) Elemental and Isotopic Abundance Tables
o Ulysses HISCALE count rates (32 ASCI products)
¢ Helios-1 Energetic Proton and Electron (EB, Keppler) Hourly Count Rates (ASCII)




VWO

NASA - Virtual Wave Observatory - VWO

+ A hitp:/ /vwo.gsfc.nasa.gov/

NATIONAL AERONAUTICS ‘ X iveien Exicion
AND SPACE ADMINISTRATION

The goal of the VWO is to make Heliophysics plasma wave and
radiation data searchable, understandable and usable by the
Heliophysics community.

Virtual Wave
Observatory VWO Services Related Sites

+ Data Registration Data Query SPASE - Space Physics
Plan The methods yvou can use to find data. Archive Search and
Extract
+ Data Query Tutorial _
A Primer on the use of wave data in Heliophysics HE”F'F"”?S":f Data
+ Tutorials research and examples of the VWO in action. Environment

Education Education Wave Research

The different kinds of waves in the Heliosphere: Where Resources
+ Annotation Service they are, what they are like, and what we can learn from a i
tham. esearch Groups
+ Event Lists, Products + lowa Radio and Plasma
and Tools . . Wave Group
Annotation Service _ _ + U. Maryland/IPST Space
+ Data Providers Wave emissions don't come with labels. Here is where & Upper Atmospheric

we gdd them. Physics Group



@ - VMR: Virtual Modeling Repository (§

http://vmr.engin.umich.edu/

= Make model results available to the general
community In a consistent format
s Allow visualization of any model results

s Allow independent interpretation of published model
results

» Seamless data-model comparisons
s Get data from other VxOs

s Get model results from Virtual Model Repository and
CCMC

» Can request a model run if no model results exist



VMR - VirTtvuar MoDELING REPOSITORY

Home Search & Visuallze OtherVxOs Publications & Presentations Help
> [RIDMSP > CCMC Saarch

Select date forall run types: Year:| 2000 3| Month: sy : Day:lon 3

st location selected, )
Latitude = 40.5 Longitude = 239.5 | Oear all values

Bun ) for single verticle profile

2nd location selectad.
Latitude =9 Longltude = 278 | Clear 2nd values

("Run @I 20 sweep | With 20 | sbaps

The original IR] Model\Web sile can be found here

Copyright & 2007-2008. All rights reserved.




Web page is at UM Lol AL AN Sl it @masiivor engiosmich asarvvaliosfiiamspiploconste=1 vy
Runs Modelweb at NASA IRI plot results for January 1, 2000 at lat/lon = 40.5/239.5

L=

Gathers data at UM gr
Create plots at UM

1 ﬁIUL'I'

Altitude [km]
1000

500

8 Ny
] He : . i
N:._ﬁﬁ Noe O 500000
| R o N/em-3

150E+06
133E«06
LATE«DR
SSSE+O5
BI7E+OR
BEEEO5
SO0E+O5

URSI maps aro used for the F2 poak donsity (HmF2)
CCIR maps are used for the F2 peak height (hmF2)

ANEOES '? I-1 1 L . - B0~Table option is used for the bottomside thickness paramctor BO
185Ee0E O 0.2 o 0.4 0.8 Danilov= option is used for the ion composition
QUOOE«D0 Line fraction The fof2 ETORM model fs turned on

IRI-95 option is usecd for the slectron temperature
IRI=S5 option is wsed for the D=region Ne
Bootto=97 no L option is used for the Pl occourrence probability

Poak Densitios/om=3: HmEFX=- S07837.7 HnFl 0.0 e GEIB. 4
Peak Heights/kme BmE 2w 285.7% hnfl= .00 hmEs= 110.00
Golar Ienith Anglefdegreo 98.:3

Dip (Magnetic Imolination)/dogroc 64,67



DMSP Data is available
from University of Texas

at Dallas. Homoe Search & Visualize OtherVxOs Publications & Presontations  Help
> [RVDMSP > CCMC Search

VMR - Virruar MoDELING REPOSITORY

Want to make the web
page a little more
intuitive, for people who
don't think in terms of
orbit.

Also want to compare
data to ModelWeb IRI
results.

Created web page at UM
to gather metadata at
UTD about orbits, ot
satellites, dates, etc. pe—

Choose date you want.
View default DMSP plasma plols: | choose ot

Data downloaded from Bt I for thv tess ahiowi,
UTD (On the ﬂy) Make new plot of variable: | choose vasable 3

Plot DMSP data from UT-Dallas

Date selected: 20011104  (Vigw gl cached dales) Satelite selected: f13  (View a8 satalites for selected date)

Restrict time range for plotting (HHMM): 1000 2300

20 Plot: Additicnal days (0-4): 4 ( Subma

Copyright £ 2007-2009. All rights reserved

LINIVERS OF MICHIGAN




£ | VMR: DMSP Data Plotter

Once data is
downloaded from
UTD, can do
many things:
Choose portion of
data to examine.

Plot different -
variables available Restrict time range for plotting (HHMM): ‘1000 (1300 (‘submit )
within the data

View default DMSP plasma plots: | choose orbit 3]

files.
Run IRI for the time shown.
Compare to Make new plot of variable: [Nigema-3) %]
ModelWeb IRI
DMSP 113 data for Nov 04, 2001 -- 10:00 10 13:00
run.

Ur 1000
ALT 8575
GLAT 50.5
GLONG 317.4
MLAT 53.2
MLT 87




CSEW - VMR: Data Comparison

Plot of data downloaded from UTD (ANY TIME!)
IRI run at ModelWeb site utilizing location and time of data.
None of this is pre-loaded

# Data is downloaded on the fly (and cached)

# IRl is run when you select compare to IRI
# Matches variables between IRl and DMSP

DMSP 113 data for Nov 04, 2001 -- 21:50 to 23:30




<o VMR: DMSP New Plots

Multiple days can be combined together to create new plots types that enable further
science insight.

DMSP {13 from Nov 04, 2001

48 7e
Time [hrs]




G VMR: Coupling with other VxOs

We have coupled to other VxOs, here to capture
satellite data, with availability lists.

w2 | 4 | Bhmp:fjvmrenginumich edu /browseTMP2 findex. phpTsar=Ceotail

Test of satellite data access through JHUAPL site

Select satellite: Geotall ACE WIND [MP-R

All Geotail Data Availability [Green=YES, Red=NO]

——————e e —
( 'l - ! ) ! !

Select date: Select Year &

you can also enter the date/time by hand to pet multiday or custom dateftime ranges
{plot may be slightly differcnt)
year month day hour minute second
0 6o oo}

23 LE] 59




G VMR: Coupling with other VxOs

We have coupled to other VxOs, here to capture
satellite data, with availability lists.

3 4 @hmpc/ fverenginumich. edu forowse TMP2 findex. phpfsai=WIND&yr=2006 C = Q-

Test of satellite data access through JHUAPL site

Select satellite: Geomil ACE

2006-11-22 WIND Data Availability [Green=YES, Red=NQ]

Select date: 2006 v H 2 = | plot satellite data for date

you can also enter the date/time by hand to pet multiday or custom dateftime ranges
{plot may be slightly differcnt)
year month day hour minute second
Slart 2006 22 { oo 00
end zooe | (11 2z | (22 | [s8 | |38

i plot |




& VMR: Coupling with other VxOs

We have coupled to other VxOs, here to capture
satellite data, with availability lists.

12
Time [hours]




VMR: Coupling with CCMC

Similarly, we can show availability of events run
at the CCMC

TEST

a|r || 23| | 4 | @ htp:/ fvmr.engin.umich.edu/browseTMP2 findex.php?sat=CCMCayr=20010 ~ Q- Coogle

Test of satellite data access through JHUAPL site

2001 CCMC Data Availability [Green=YES, Red=NQ]

= 1 LR N 1Y
- — I — —

Select date: | 2001 %] | Select Month { |

you can also enter the date/time by hand to get multiday or custom date/time ranges
(plot may be slighty different)

year month day hour minute second
start ‘2000 | | | oo Joo | [oo

end 2001 23 59 59




< VMR Data-Model DB Search

We can search by event date and run type and

plot comparisons with data, even if not created
at runtime.

AlLA L&l + -.tnv.n-.-'.'-'rr-r l!-‘.h;-l'l I.II'I'Ill:h.tﬂu.-'l:n:mf:l'-‘r;Pl'iti’{"_!'n:vt-'!t'nhﬂ

VMR Database

Search Model Run Events By Date:

Model Type | Magnetosphere

Rl:Eil.'ll'l. Carth Magnetoaphere 5 |

Date  Year Month Day
Swmn | 2001 3 I+ |

1

Model-Data Comparisons Cached:

DATE CCMC IN5T

20070629 James_MoCollough_072E08_1 peotail_mgl plot
19990511 Jan_Merka_112502_1 geomil_mpfl plog
20071212 Mamin_Connors_033108_1 geotail_mgf plog
20010103 Susannc_Yennerstrom_041906_1 geotail_mef plo
19980206 Takuma_Nakamura_102608_1  peodall_mgf plot




CSE

20010103: geotail mgf<

|

VMR Data-Model Plot

-> Susanne_Vennerstrom_041906_1

Black Is satellite data &
trajectory

Red Is model run at
CCMC

Positions are taken from
satellite cdf for model
plot times, data at those
positions are extracted,
and comparison plot Is
made.



SWMF GUI: Visualization

o " AlA & |+ -Beipgiherot:8000/plot_results/plot.phptrunnames cefault-tec-longdomp & = Qs ¢
Space WEATHER IMIODE
SWMF GUI

UL SWMF GUI: Create Plots for "default-tec- Plottype: 2Dpit
SWMF Manual Inng " GM Plot Styles
REFERENCE Manual

001 movig gelete
Creste Code Direct COMPONENT GM  IE amae d
m::w Select desired plot options and "Update Plot"
Maneage Codes Plotfile: T=Hour:Min:Sec M=Iterations (183 files found)
e X: ==mpt selected & || ¥ ==inot seivcted-
2 Ta0001:00000 N=0228254

aw

Create Run Directory
Setup & Execute Run
Monltor & Procsss Run Contour
Manage Runs Variabbe: | va: ‘rlamufcma3] 5| Range: (=) Min/Max ) Custom o i

Creste Plots Grid:
default Plot, grid? Mo (=) Yes
default-tec
default-tec-long
Manage Plots

View:
Center at: X= -8 Y= 0 with view width 48 p [ntal

0932512
Vector Traces: E?ﬂ:ﬁiﬂ
Piof fieddlines? (=)o ()Yes Line Color; (<) Black () 'White 0:553544
0560555
L Body: 0467565
0374578
Plof cinche at origin? () No (=) Yes with radius 2.7 0281587
0.1aa837
e — Text Label: g-gg:?;i
o A II(’ Labed: | \ECALEONE]1) TIMESIM) '
"“'l-_...._...,--.--""' Updane Plat | {wait ~1 minute unless Aeldlines plotted)
Copyright £ 2006 All nghts resensed
L

10 0 -10 -20 -30



@ SWMF Component Visualization

View movie




@ VMR Plans

We are currently working on a web portal that will
organize our internal UM run library, help with
setup and filing of new runs at the CCMC, pull
visualization tools from the SWMF GUI and other
visualization work, and interact with the VMR for
public viewing.

Enhanced data/model comparison will be provided.

It will have public, authenticated, and admin
sections.

It IS under development now, with a working
prototype expected soon.
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