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Despite minimal direct human experience, space weather is as real and palpable
as terrestrial weather.
It is a dynamic, evolving fluid bridging the space between the sun and planets.



itial Event Detection and Location

GOES-15 SXI Level-1 GOES x {5 minute data)

adin: 2072 Jan 23 0000 UTC
NOAA/SWPC Boulder, CO E‘-.-;:]III. 2012 Jan 23 Qo000 UTC

31112

20741

SXI provides flare XRS provides the first
location and context detection of an event within
such as dimmings seconds



WSA-Enlil Mode
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ational Awareness and User Impacts
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GOES provides real-time monitoring
of geospace and along with ground
magnetometers feeds models
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ace Weather and WMO Standards
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- Today’s Products are provided in a mix of fgr
s g SHos

including FITS, PNG, ASCII, CDF, Net'c,D,f

J

\

£ '“nd/" & *r. '—

 Tomorrow’s Products will be mtegna J O} WQ

with NWS and WMO mfrastructdre ' 5
(NetCDF, GRIB2, BUFR) ‘ T

« This year SWPC began its produ_ct'\r;hl"grafion witha

pathfinder product and sample products for

validation



O GRIB2 Space Weather Proposal

Product Discipline 4: Space Weather (oh ";i;_j‘.j'-z:;x
Products iy
Code Table 3.2 — Shape of Reference Systerﬁ

« Sun (Radius: 695,990,000 m) '

« Geomagnetic
Code Table 4.1 — Parameter Category

- Temperature, Momentum, etc.

Code Table 4.5 — Fixed Surface Types

* lonospheric D-Region level, etc.

Thompson, 2005




Product Samples in Validation
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Global D-Region Absorption (D-RAP) rendered in NAWIPS;

Provided to AK Region as a test product




Proaduct Ssamples in Validation

SXI 120101/0000¥000 D-

Sun 2011/07/22 20:23.5 NR
Geographic longitude and latitude: +015 00, +50 00
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asma Density, Temperature and
Spacecraft Charging

GOES-4,5,6,7 Seasonal Anomaly Distribution

Magnetospheric Specification Model
& Spacecraft Charging

Electrons
17.5 KeV

a surface charging
anomaly from GOES-4 or
GOES-5.

DCW 84

Climatology shows increased likelihood of satellite charging both
from midnight to dawn and around equinox, but is insufficient to

describe actual conditions at any given time.




ctron and Proton Densities and
Temperatures (Moments)
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*GOES 13-15 (MAGED and MAGPD) extend
GOES electron and proton flux
measurements down to auroral energies

* Electron and proton fluxes are reduced to
densities and temperatures (moments)

—GOES Magnetometer field componentsare  L_________ I
required by Moments calculation) ' ' ‘Image Credit: R. Berdan, The Canadian Nature  j

Photographer, Sep. 2010 : ">
» Purposes of Moments product:
—For each species, reduces 45 flux

.

measurements to one density and two )
temperatures — easier to assess for situational
awareness -

—Densities and temperatures can be used in
spacecraft charging calculations, e.g., the
NASCAP-2k model.

—Boundary conditions for geospace models

http:// www.ngdc.noaa.gov/stp/satellite/goes/dataaccess.htmli
Image Credit: NASA/STS-135 crew, 14 July 2011



oments Algorithm Reduces 45 Flux
casurements to Density and Temperatures for
Operational Use
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Month of the Charged Particle
Environment at a Glance:

GOES—-13 30—-600 keV Electron and 80—800 keV Proton Momenfs, 1Tm QC: 2011.11.01 00h — 2011.11.30 24h
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Electron injections

create favorable
conditions for

spacecraft charging
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Large proton

anisotropies favor
generation of waves
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that can deplete
radiation belts
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ensity and Temperatures Applied
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e Algorithm developed and coded . e L
J P CNN Tech

under GOES-R Risk Reduction : g

E£] .
Video NewsPulse U.S. World Polifics Justice Entertainment RISl Health | 3

by CIRES at NOAA at NGDC

 Currently calculated by NGDC
from GOES 13-15 on an
experimental, non-real-time
basis

— Used to evaluate charging
conditions during Galaxy 15

anomaly || “Intelsat lost control of the

— Used by satellite operators to satellite, which was launched
evaluate conditions under which in 2005, during a solar storm
upsets have occurred on April 5.” — May 12, 2010

12:18 p.m. EDT




Solar Image Interpretation

SDOAIA 94 A SDO/AIA 131 A

L4

he Sun presents highly complex
surface and atmospheric features =
that are currently interpreted by
forecasters by subjective visual
iInspection.

& S
B

GOES-R SUVI will provide six
spectral channels in the EUV at
rapid cadence.

The current approach can be
time consuming and exhibit
substantial forecaster-to-
forecaster variability.

B 'S

Image Credit: NASA SDO AIA



Automation Approaches

- Physics-Based o -z‘}’, A |
- Differential Emission Measure (DEM) Retrl _ ‘:%W&I f
» Continuum of values do not neces'sarflj? .,’ T\ N} ;
forecaster interpretation o , N ‘»‘\

* Models are not mature enough o in g , )
P AN 7. v(f’-
« Statistical
« Multispectral Bayesian classﬁmaﬂon*‘ig’\ = , A E

« Segments images in to a limited hur%ber of E,‘r'

meaningful classifications R | ""

« Extensive heritage Iin terrestrial remote sensing

« Forecaster training of algorithm ensures results are
aligned with traditional visual interpretation



| Thematic Map Algorithm Sample

Flare

Prominence

Active
Region

Quiet Corona |
(off—disk)

Quiet Corona

Coronal Hole
(off—disk)

Coronal Hole

Outer Space

Undefined

2011-02-15T02:06:00.00Z 2011 -02—15T02:06:00.007___

Rigler et al., 2012 (in preparation)
AlA proxy data and corresponding thematic map

.-



Proving Ground

« Space Weather Proving Ground will put o
Thematic Maps in front of forecasters inn ‘@w
real time by summer. | s G

 Using AIA synoptic data at 3 min. c -
« Processed in pseudo- operatlonaly'7

24X7 support) S ({;g \' A
* Will be presented in GRIB2 formai}san g \
displayed in NAWIPS A . o2 i

- Forecaster evaluation will lead to further tunmg f
of algorithm classification statistics



Steps
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Automated feature H alpha an ﬁ r?ladnetogram
Identification and ) “‘channels” -
characterization SSTEIREN |




Summary

* GOES Role in Forecasting and Nowca\stmgﬁ AL |
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 All GOES instruments provide a critical re ledn'tl
Iz /:f"(z f'{"r

L

chain of prediction and S|tuat|ona] .%rgm#a ',.:;g J-‘
- NWS and WMO Product Integration: e &

.f/‘.'

5

- SWPC is integrating space Weathe“i-*,q
AL e

and non-GOES into the NWS enfei’p‘?JS%, S * *'1\ |

- Pilot Projects Building on Risk: Reductlon fra,

- Advanced products being developed for GOES-R

are entering a trial phase.



