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..but first,

A little
Story




In 2004, the
Mars Rover Spirit

experienced an
anomaly...




Communication
with Earth was

lost for several
days...




Teams scrambled to
gather information.

Was this a hardware issue?
..a Software issue?

Were environmental forces at play?




Was It Space Weather Related?




Was It Space Weather Related?

The Heluophysucs Dwnsnon at NASA

HQ was asked fhls queshon...

There was no way +o qulckly answer.
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4 With so many NASA assets throughout the
Heliosphere, the agency identified a critical | .
need for the 2

Integrated Space
Weather Analysis
System
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NrEoriar=) SoAe= W= Arel=Zm ANAL SIS SHESTT=)Y

University /
NASA Non-NASA Commercial Educational International
Mission Data Mission Data Data Institution - Data
Data

Highly diverse and distributed
space weather data consisting of
the latest observational data along
with the most advanced space
weather model simulation output.

ISWA system collects data from a
large and evolving list of sources.
Data is sorted, characterized, and
iSWA system processed into ‘mission decision
supporting’ products in response
to individual user queries.

ISWA generates and provides a
user-configurable display panel

WARNING ! % ' L that can be accessed from a
A E standard web browser. The end
. [ user can then customize their
. Spacecraft Martian o ' display to focus on specific
Proton Waraing Charging Atmospheric o e " Solar Energelic products of interest.
Forecast Heating

Forecast

NrEoriar=e) SoAe= W= Arel=Zm ANAL SIS SHEST=)Y



Innovative Dissemination

ISWA has ~300 products including modeling results and comprehensive sets of observational data.

Proton Flux ‘. STEREOB : ] Polar Cap ACE-ENLIL
(Forecast) £ / EUVI28s J (guogroghie) Potential Solar Wind J
SOHO Electron Proton Flux
@ ascocs S Flux 108kev J Keindices 106keV
SOHOEIT
T

Proton Flux STEREO
1.7keV Beacon

STEREOB
EUVI18S

Radiation
Belt 20keV

~ | h————

’

Radiation

Magnetopause Electron
Belt 10keV

netopause
] sition Flux 300keV J

landoff

STEREOA
EUVIT

STEREOA
Cor1

Radlation STEREO A Proton Flux
Belt 50keV EUVI19s 22.5keV

Synoptic

T

EX (movie) EY (movie)

58 ¢
Velocky SOHOEIT ACE-ENLIL Induced STEREO ENLIL induced Proton Flux STEREOB PFSS Solar 50HO MDY o STEREOB
Synchc 304 Temperature Jlesste Fuig Beacon SEP SPIRAL Flectric Petiey ) 1.0kevV EUVITN Mag Fleld Magnetogram k ! EUVI 304

Polar Cap
Potential

4 -
HF Signal ACE-ENLIL ACE-ENLIL STEREOB Electron
Loss 10.0MHz 2 8.0ke /4 Mag Field J Density Cor1 ) Flux 8.0eV

Radiation
Belt 100keV

lono Electric
Potential

Proton Flux ASAP Flare Electron
63.3keV Monitor Flux 2.8keV J

Radlation
Belt 2000keV

- vor—

Radiation STEREOA Electron Radiation STEREOQ ACE ION & Sectria Proton Flux

Potential
Difference

- . . .
\ - i
S e - g > { 4 J
Radiation PFSS Solar STEREOB STEREOA Proton Flux b Radiation Kitt Peak Proton Flux Field Aligned
Belt 200keV Mag Field [ CorR1 37.7keV [ Belt 400keV WSA+ENLIL 4 4.7%eV Currents

Web-based. User configurable. Available world-wide.
One-stop shop for state-of-the-art information!
http://iswa.gsfc.nasa.gov

Belt 1000keV 2 EUVI304 A Flux 1.0keV & 4 A Beit 4000keV 4 2 Beacon SEP | Mag Field (Real-Time) J
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Unprecedented Access to Space

solar

heliosphere
magnetosphere
ionosphere
[JELEIETSY

Weather Information

iNtegrated Space Weather Analysis System ( iSWA Primary ) : Version 1.6.0 [AltoSax]

S —— N ...
‘g] ) ‘i ij E a C | | http://iswa.ccme.gsfc.nasa.gov:8080/IswaSystemWebApp/ > v ("" Google Q) L’J
iNtegrated Space We... /manager MACFUSE_FS_SSHFS ... blender.org - Featur... iNtegrated Space We... MCS Invoice Tracking Adams Pee Wee Foot... Restricting Access t...  iNtegrated Space We... JIRA  http://space.rice.ed... Overview (Google W... »
| B iNtegrated space weather Analysi... [JED) "’I
Solar Flare Monitor I Help I Save Layout ~ I Global Date/Time ~ I Clear Layout | SOHO/Costep Proton Flux Forecast -
GESGEE R | - Avaieble Cygnets o 1 00 0 5

& 393 cu

| soar | e |

| Avcygnets | newcygnes | evens | acerts [N n_

Precipitating Precipitating
Electrons Electrons
(geomagnetic) (geographic)

Joule
Heating

CME Arrival Field Aligned

Currents
Time Prediction (Gecneg o0

<4 [ONeN NeNeNeNe] >

Stereo Behind - EUVI 195 SDO - AIA 193 Stereo Ahead - EUVI 195

i o ozno - R

lono Freq 2.5 MHz Absorbtion

12/19/2010 Time

| ESCEEEETE |

Planetary KP SWMF Magnetopause Position ISWA Interactive Timeline - GOES Primary Electron Flux
Max KP Level: Normal o e e oo o
“ ‘ 8000
o 6000 § 2010-12-1322:40:000 v [L 0
4000 lonospheric Joule Heating
2000
0

g " 11Dec 12Dec 13Dec

B B B

Done

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




Global Date/Time v

Help § Save Layout

v Available Cygnets

| Solar I Heliosphere | Magnetosphere I lonosphere | Planetary/Spacecraft l All Cygnets I New Cygnets I Events I ALERTS | bETA _

e —

Cygnet

g/ s ‘
Control IR &
CME Arrival ASAP Flare UMA Proton Flux SOHOEIT SOHO EIT 171 SOHOEIT
Panel Time Prediction Monitor Forecast 171 (NRL) 195
7 8 9 10 11-15 >
ENLIL Heliosphere Inner Planets ( Velocity + Earth Field-Line Connectivity ) [x)

2011—-04—-26T11
M Stereo_ A

+27.27 days
W Sterec_ B

2011 —-05—23T185:00

O Earth @ Mars O Mercury @ Venus O Messenger
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Sample iISWA Products/
Cygnets

Monitor Magnetic Connectivity and Proximity to Active Regions

Active Region Proximity Alert !

iSWA Earth-Sun Magnetic Field Connectivity WAEarh: Sun Magnatic.lekiCannectiy, EC“pti e Plane SO0 LAT = —B.9°
1 22 ’

arth’s footpoint location
de: 35°

2008-09-25 18:09:00.0 +

T T 000 .
o 5 10 15 20 25 30

ENUL-Z2.6 lowres WSA—1.6 GONG

7 2009-09-25 18:09:00.0 ~

* Monitor active regions and their proximity to magnetically connected foot-point locations of the earth
* View future projections of active regions and foot-point locations

* Date selection tool for historical analysis

« Select different EIT wavelengths

* Monitor in real-time
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Monitor CME propagation in real-time or for historical events

Available Cygnets v

I Planetary I All Cygnets I New Cygnets I ALERTS _

Py r— [

V&

Lt A CME Arrival
onnectiv e
(51215]2“)y Gallery Time Prediction

SOHO MDI
Continuum

Earth-Sun
Connectivity
(1024x1024)

SOHO MDI
Magnetogram

< OO0O0OO0OO0Ce >

SOHO - LASCO C3 Difference Image Gallery

0.0 2009-12-07 11:42:00.0 0.0 2009-12-07 13:42:00.0 = 2009-12-07 14:18:00.0

Available Cygnets

I Planetary I All Cygnets I New Cygnets I ALERTS _

Earth-Sun
Connectivity
(1024x1024)

SOHO LASCOC3

"z':l’:xe Time Prediction

Earth-Sun

Connectivity CME Arrival
(512x512)

SOHO MDI
Continuum

SOHO MDI
Magnetogram

« (oo eNeNON >

SOHO - LASCO C3 Difference Image Galler

.0

< > <4
Date and Time:
T T— = Monitor in real-time

SuuMo TuMhieT. . F..S

) 01 2 3 4 5
6 7 8 9 10 11 12
13 14 15 16 17 18 19
20 21 22 23 24 25 26
27 28 29 30 31 1

2008 2009 2010

window

- Date selection tool for historical analysis
- Left/Right controls for single steps within time

.Zoom
functionality

Super Timelines

iSWA Interactive Timeline - Ace + ENLIL Magnetic Field [x]

T T
2009-9-19712:00:00Z 2009-9-20706:00:00Z

T
2009-9-18T18:00:00Z

2009-9-18700:00:00Z

ACE Bx ACE By ACE Bz enu Bx [ enc ey [ BN B2

* Mouse over to view specific data values

« Zoom in feature

» Toggle on/off specific quantities

» Selectable time range 1 - 10 days
» User selectable resources &

quantities
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EventIssue Date: 2011-03-07 19:41:06.0 GMT
CME Arrival Time: 2011-03-10 19:33:24.0 GMT
Arival Time Confidence Level: + 6 hours
Disturbance Duration: 12 hours

Disturbance Duration Confidence Level: + 8 hours
Magnetopause Standoff Distance: 6.2 Rg

CCMC CME Arrival Time Prediction

Interactive

o

[ghr|shr |1Ohr |t1hr |12hr |13hr |14hr |1Shr |16hr |17hr |18hr |1Shr |20hr |21hr |22hr |23hr |ohr |thr |2hr [3hr  |4hr  |Shr  |6hr |

S

| —————— Products

= 00,
— Interactive CME alert
tool with chronological

|Mars |Mar 6 |Mar7 |Mar8 |Mar9 |Mar10 |Marﬂ |Mar12 |Mar13 |Mar14 |Mar15 |Mar16 | record of wa Center

|Nov |Dec |2011 [Feb . |Mar. |Apr |May |Jun |Ju| |» issued CM E time of

fiswaj 2010
2011-03-10 19:21:07 v

2011 2012 2(

arrival predictions

iSWA Interactive Timeline - ACE Magnetic Field

Interactive
timeline tool
with pan,
zoom,

mouse-over,
and quantity

toggling
functionality

Oy L' '

‘%’

14May 06:00 12:00 18:00 15May 06:00 12:00 18:00 16May 06:00 12:00 18:00

< 201105-16205100 « | > [ Setings ~

15



TR

solar
heliosphere |

| magnetosphere

ionosphere

planetary

Mobile Access Powered by ISWA | =

SDO - AIA 193
2012-03-07 00:22:20.0

Android Front-End to iISWA
e History Mode

* Movie Mode

e >50k Downloads

e Available in Google Play Store

Loa - NSO GONG
GONG: H-alpha

EGS-SAM
SAM Pin nera

10S Front-End to iISWA

e History Mode ( coming soon )
e Movie Mode ( coming soon)
e >100k Downloads

e Available in App Store




‘Services for NASA Robotic Missions
Powered by iISWA

1. Providing assistance in spacecraft anomaly
resolution by assessing whether space weather has

any role in causing the observed anomaly/
anomalies.

2. Sending out weekly
space weather reports/
summaries to NASA
mission operators,
NASA officials and
iInvolved personnel.
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B Services for NASA Robotic Missions
Powered by iISWA

3. Sending out timely space weather info/forecasts

4. Providing general

regarding adverse conditions throughout the solar
system, such as significant CME events, elevated
radiation levels, etc.

space weather
support for NASA
customers.
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Arranged by NASA IV&V Educator Resource Center

High school teachers from West Virginia

e R
Y. Zheng
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iNtegrated Space Weather Analysis System ( iSWA Primary ) : Version 1.6.0 [AltoSax] =

X - - i ‘
ul E] ([ hutp:/ /iswa.ccme.gsfc.nasa.gov:8080/ IswaSystemWebApp/ »v) (% co Q)
tegrated Space We... /manager MACFUSE_FS_SSHFS ... blender.org - Featur... iNtegrated Space We... MCS Invoice Tracking Adams Pee Wee Foot... Restricting Access t...  iNtegrated Space We... JIRA http://spacerice.ed... Overview (Google W... »
W iNtegrated Space Weather Analysi... n - [

sacmoriiry = 10 [ ~ Available Cygnets e o

by ETPH AP CAU Kiel ong SWRI

| solar | Heliosphere | Magnetospnere | ionosphere | Planetaryispacecratt | i cygnets | New cygnets | evems | aerts [N

Northern Hemisph

Induced

Precipitati Precipitati
Joule "9 5 CME Arrival Electric Flelds

: Electrons Electrons
Heating {8eomagnetic) SRDraTE) Time Prediction

Field Aligned
Currents
(geomag coord)

<4 OO0OeO000O0 > “

SOHOZ S5iep FIOWN riua

Stereo Behin: - EUVI 195 SDO - Al 193 Stered) Ahead - EUVI 195

Planetary KP SWMF Magnetopause Position iSWA Interactive Timeline - GOES Primary Electron Flux

—
2010-12-18 22:39:08.0 ~ m_

& || Max KP Level: Normal |

8000

6000 ] .

4000 lonospheric Joule Heating

2000 2o '
o ~

11Dec 12Dec 13Dec

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




« Space Weather Event 04/11/2013 - http://go.nasa.gov/130VkrB
* Venus Transit - http://go.nasa.gov/130R2k]

 St. Patricks Day Storm 03/15/2013 - http://go.nasa.gov/Y GUeiO
 Filament Eruption 02/27/2013 - http://go.nasa.gov/XcgWDi

« Space Weather Event 09/28/2012 - http://go.nasa.gov/XGWOEu
« Space Weather Event 10/5/2012 - http://go.nasa.gov/XtGsmH
 Current 8-Day Timeline - http://go.nasa.gov/16TediU

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




Supplemental Sides/Details
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Specific Examples...



Jan 23 flare (M8.7)/CME (v=2210km/s) m-’

e e - - DUHU - LASLU L3

Stereo Ahead Coronagraph 2

2012-01-23 04:39:00.0 ~ o

SDO - AIA 131 -
SDO EVE MEGS-SAM -

2012-01-23 03:57:56.0 + E 2012-01-23 03:50:00.0 ~
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SEP: proton radiation (flare and CME)
1ISWA SuperTimeline

iSWA Custom Timeline Cyanet

10K — GOES-P: Long(Wattsim?) I
: ACE:>10 MeV } =,
300 — ACE: Integral Proton Flux
at > 30 Me¥ (pl{cm’-sec-ster])
190 — STEREO-A: HET Protons
30 {:{f:;ﬂg gm’v}n
" —STEREO-B: HET Protons
3 {ilows 2
1 .
= STEREO A 13-100.MeV  ACE:>30 MeV
01
o STEREO B 13-100 MeV
0.01
3.00e-
I.OOe:’:

s.ooe?f X1 -8 V=2500 km/S

7 23dan 24Jan 25Jan 26Jan 27Jan 28Jan 29Jan 30Jan 31Jan 01Feb

4 2012-02-01 17:50:00.0 - | » £&7 Settings ~ | Add ByResource - | Add By Quantity ~
The Jan 23 and Jan 27 flare/CME pairs were associated with the same active region
1402. Both events created significantly enhanced ion radiation (SEP flux levels).

Several polar flights were rerouted due to the radiation
]
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KP indices from 1.23.2012 10 1.25.2012
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24Jan
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Severe
Stwrong

CME impact at Earth (a minor geomagnetic storm only)

ISWA Customn Timeline Cygnet

12:00
| 4 | 2012-01-26 04:00:00.0 ~ uﬂ Settings » | Add By Resource « | Add By Quantity ~
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An iSWA layout for the 23 Jan 2012 event

http://bit.ly/dJan23 27 2012 layout
Provide a dynamic view of the event with some key products

The Jan 23 event produced a very strong radiation storm

- slightly less than that of the March 7 2012 event

Peak flux (Jan 23): 6310 pfu at Jan 24 15:30 UT
Peak flux (Mar 7): 6530 pfu at Mar 8: 11:15 UT

Active Region 1429 activities during March 2012
Earthside Major Events

Backside major events
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