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Definition:

TEC = Total Electron Content (1076 x el/m#




GPS samples the ionosphere and plasmasphere to
an altitude of ~20,000 km

GPS

5 Re

TEC is a measure of integrated density in a 1 m? column

1 TEC unit = 10! electrons m2
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Definition of Space Weather: Analogy with VWWeather

PWV 17 hr 10/21/99
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Space \Weather
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Space Weather - Scintillation
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Owens Valley Solar Array RHCP SRB Power (1.6 GHz)

Solar Flux Units




Atmospheric Propagation

From Attila Komjathy, JPL
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lllustration of Atmospheric Effects
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lonospheric Range Correction

AR (meters) =

PR

S-Band L-Band UHF VHF Elev Mapping Function
24 m 12 m 104m 787 m 90° X 1
5.1m 26 m 223 m 1.7 km 20° X 2.12




lonospheric Parameters
GPS can be used to measure

Ground-Based Receivers
Total Electron Content
Scintillation Parameters: S, and o,

Space-Based Receivers
Electron Density Profiles
Scintillation Parameters: S, and oy,




Total Electron Content (TEC) Estimation

Dual-Frequency Measurements
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GPS Occultation

Orbit Altitudes :

Typical occultation event LEO Satellite = 775 km

last 1-2 min.

LEO Satellite GPS Satellite

Occulted




OCCULTATION

Received GPS frequency can be

measured to an accuracy on the
order of one part in 10'3. This @
translates to a bending accuracy of

about 1 microdegree.

= The measurement is the integrated effect of the
bending caused by the atmosphere --- The vertical
distribution of refractivity is the desired quantity.

= The ABEL transform is used to invert integral
measurements to vertical quantities.
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Solar Flare of 14 July 2000

Solar Flare of 14 July
2000

Biggest Solar Storm in
Nine Years

Caused very large
magnetic storm and
ionospheric effects
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GPS Loss of Lock at Millstone Hill

Local Westward lon Velocity at Millstone Hill

V West (m/s)
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Day of Month 16.25




TEC Disturbances on 15 July 2000
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Wide Area Distribution of 'Raw' Information
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GPS Total Electron Content Map
lllustration of Storm Enhanced Density




Wide Area Distribution of 'Raw' Information

MIT Haystack Observatory

Distributed networks of TEC
sensors Yyield global

physics unattainable

with single-point
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Example :

Global GPS-derived
lonospheric mapping
during geomagnetic

disturbances

-50 50
Geodetic Longitude, Deg

[Coster et al, 2003]




Day 90, 2001 Day 101, 2001

GPS TEC Map 31 March 2001 19:0S UT GPSTEC Map 11 April 2001 19:06 UT
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Before Storm After Storm

2001 Apr 11 2001 Apr 12 02:25




IMAGE Data of Plasmasphere

Baefore Storm After Storm




Geodetic Latitude, Deg

€D MIT Haystack Observatory

HAYSTACK
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Aurora in New Brunswick, Canada
30 October 2003




Socorro New Mexico 20 Nov 2003

(from astronomy picture of the day)




West Texas 15 Sept 2000
near El Paso Texas

(from astronomy picture of the day)




Geodetic Latitude, Deg

€D MIT Haystack Observatory
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TEC Disturbances on 15 July 2000
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Inner Magnetosphere — Low Latitude View

May 30, 2003 01:00 UT TEC [10,100],TECu
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Storm-time Electric Fields

s Cross-tail electric fields energize and inject
particles into the inner magnetosphere
forming the disturbance Ring Current

Strong penetration eastward electric field
uplifts equatorial ionosphere
e Equatorial anomaly enhanced

Radial/Poleward Polarization Jet Electric
Fields form (Sub Auroral Polarization
Stream). As the Polarization Stream
overlaps the outer plasmasphere

e Storm-Enhanced Density (SED)

e Detached plasmas/plasma tails
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SAPS Erodes Outer Plasmasphere

Figure courtesy of J. Foster




Plasmasphere / Ring Current Interactions

April 17, 2002
NASA IMAGE

SAPS Channel

(Metged image courtesy J. Goldstein) Plasmasphere Erosion Plume




Geodetic Latitude

GPS TEC (10 TECu contours) 19:05 UT April 11, 2001

260 270
Longitude

Magnetosphere
lonosphere
Atmosphere
Coupling
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Day324 (;} PM ) MIT Haystack Observatory

HAYSTACK
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Northern Europe and American Sector SED

Northern
Europe

American
Sector

QMIT Haystack Obscrvatory

Corrected Geomagnetic GPS TEC Map

from 02-Oct-2001 07:00:00 to 02-Oct-2001 08:00:00

.

g_'é MIT Haystack Obscrvatory

Corrected Geomagnetic GPS TEC Map
from 02-Oct-2001 20:00:00 to 02-Oct-2001 21:00:00

TEC

0z Oct 2001
2000 B3 kY
2000 mis
[

SuperDARMN
JHU{ARL Software by R.J.Barnes

0z Cct 2001
2000 G2 kY
2000 miz
-

SuperDARN
JHU{APL.Software by R.dBarnes

07:0000 - 07:0200 UT
+Z

05 nT
(-5 min)

APL MODEL
4=BT<h
Bz-

httpdfsuperdarn.ihuapl.edy

20000 - 204200 UT
+Z
07 nT
(=52 min]

APL MODEL
6<BT<12
Bz-/By-

httpoirsuperdarn jhuapl edu




20 Nov 2003 18:20 UT

MIT Haystack Observatory MIT Haystack Observatory

Geodetic GPS TEC Map Geodetic GPS TEC Map
from 20-Nov-2003 18:10:00 to 20-Nov-2003 18:20:00 TEC from 20-Nov-2003 18:10:00 to 20-Nov-2003 18:20:00 TEC




26 Sep 2011

North Pole

20:00-20:30 UT 21:00-21:30 UT 22:00-22:30 UT
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Conjugacy Examples

Day275 ® AM
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Conjugacy Examples

pay2rs (g )PM ¢ MIT Haystack Observatory
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Conjugacy Examples
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From the Sun to the Earth






