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COSMIC lonospheric Measurements

Total Electron Content (TEC) to all GPS satellites in view
lonospheric radio occultations (profiles) & scintillations

GPS receiver:{

Tiny lonospheric Photometer (TIP): Ultra-violet emission from ionosphere
Tri-Band Beacon (TBB): TEC & scintillations on satellite-to-ground links




COSMIC lonospheric Measurements
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Total Electron Content measurements:
e High-resolution (1 Hz) TEC to all GPS satellites in view at all times
e Can track up to 12 GPS satellites at the same time (9 aft + 4 fore)
e Useful for global ionospheric tomography and data assimilation




COSMIC lonospheric Measurements
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lonospheric GPS occultation measurements:
e High-resolution (1 Hz) occultation TEC below orbit altitude
e lonospheric electron density profiles from orbit altitude and down
e lonospheric scintillations using the two limb antennas (50 Hz)




COSMIC lonospheric Measurements
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Tiny lonospheric Photometer measurements:
e Emission (1356 A) due to recombination of oxygen ions and electrons
e Nadir intensity along sub-satellite track — proportional to [ N2dz
e High quality data on night-side — uncertainty about day-side quality




COSMIC lonospheric Measurements
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Tri-Band Beacon measurements:

e Radio signals transmitted from COSMIC at 150, 400, and 1067 MHz
e TEC between the COSMIC satellites and chains of ground receivers
e Amplitude and phase scintillations on the satellite-to-ground links




lonospheric Data from CHAMP, Oct 29 2003
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16 Months of Data — 44 000 Comparisons
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CHAMP Differential Code Bias
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e Based on simple assumptions (e.g., azimuthal symmetry above LEO)

e Single day estimates based on 24 hr average — next day prediction
(for near real-time processing) based on smoothing over 50 days

e For COSMIC there will be 6 x2 DCBs to solve for




CHAMP lonospheric Scintillation Map
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Status and Plans for COSMIC

Total Electron Content measurements
Plans: Quality control, outlier detection, cycle-slip correction, and Differential Code Bias calibration

Status: Prototype working for CHAMP data — not yet integrated in CDAAC processing system

lonospheric GPS occultation measurements
Plans: Reducing effects from horizontal gradients in profile retrievals using a model (e.g., GAIM)

Status: Profiles derived via Abel inversion ee Scintillation maps not yet integrated in CDAAC system

Tiny lonospheric Photometer measurements

Plans: Providing radiances derived from raw data (counts) as well as pointing direction e Combining
TIP data and GPS occultation data for “in-plane” occultations (Naval Research Lab)

Status: Work on radiance retrieval codes (in collaboration with NRL) in progress

Tri-Band Beacon measurements

Plans: Plans regarding processing of TBB data are not in place e One TBB receiver may be installed
on the top of the roof at UCAR — CDAAC will process data from this one

Status: Ongoing work to install receiver chains in various countries all over the world (NRL)




COSMIC Data Products and Formats

satallite per dump

- surface lat. | lon.
- radiances

Data description Level/Type | Main products Resolution | Format Lateney
GPS recaiver data from - time
the POD antennas - ons level 1o - phases temparal: - .
fils per COSMIC POD | podGpe | - pesudo-rangss 1 s= RINEX | 5 L5 min
antenna per dump - SMRs
LEOD attitude and orbits u
(from real time naviga- . .
tiom selutions) — cne fils 1;;:_1\::‘ - fﬂt:m".‘dni paramm. taf:]p"“l' ASCIT | < 115 min
. : - sac
geu;c;mc satallits per - elocity
Frecise LEO orbits — one - time
fils per COSMIC aatellite 11:;9:1)1: - position ta’lnp"_“l: SP3 | < L5 min
per dump T - welocity o
IGS Ultra- Rapid GPS or- .
bits {including 24hr pre- level 1a i e temparal: .
dicted orbits) - ons fila | gpeorh |~ POSHAD 5mn | S8 | Omin
every Ghr - velaeity
Absclute TEC to all GPS 3
satellites in view (QC - time
and bias resclved) - ona | =veilb |- Bl T pos. temporal: | o ooE < 115 min
fils par COSMIG satellite ionTee - absoluts TEC ==
per GFS satellits per arc - eode biases
- time
Ionospheric  occultation . SMRs
i;z‘: Ph“““ﬁ]amd "“‘“éfs 1_;‘;1,;: - Rx & T pos. tg‘fp"“l: NetCOF | % 145 min
m.'l_?na per - Reo Bt T vel s
oeccultation —
Ionospheric  oceculbation - ].!.t lon
profiles from orbit alti- level 2 TR vertieal: oo | = .
tuds and dewn - ons fils ionPrf - tangent altifuds 23 km et s 145 min
GPS occultatio - e TEC
per e n - electron dens.
Raw TIP (Tiny Lono-
spheric FPhotometer, TP
nadir radiance data E 16.“91 .].a. -H temparal: native | = 115 min
cne file per COSMIC HpEin - counts seconds binary ~
satellibe per dump
- time
. - ta
Radiances from the TIP ot
level 1 - calib, codf. tempeoral: . .
- one file per COSMIC tiplal - By position seconds NetTOF | = 115 min




COSMIC Data Products and Formats

| Data description | Level/ Type || _Main products | Resolution | Format | Latency |

GPS receiver data from - time

the POD antennae — one - phases temporal: < .
file per COSMIC POD - pseudo-ranges 1 sec RINEX |} S 115 min
antenna per dump - SNRs




COSMIC Data Products and Formats
| Dora description | Level/ Type | _Main products | Resolution | Format | Latency |

LEO attitude and orbits
(from real time naviga-
tion solutions) — one file
per COSMIC satellite per
dump

- time
level 1a - attlfufde param. || temporal: ASCII < 115 min
leoAtt - position 10 sec

- velocity




COSMIC Data Products and Formats
| Dora description | Level/ Type | _Main products | Resolution | Format | Latency |




COSMIC Data Products and Formats
| Dora description | Level/ Type | _Main products | Resolution | Format | Latency |

IGS Ultra-Rapid GPS or-

bits (including 24 hr pre- level 1a
dicted orbits) — one file gpsOrb
every 6 hr

- time
- position
- velocity

temporal:
15 min




COSMIC Data Products and Formats
| Dora description | Level/ Type | _Main products | Resolution | Format | Latency |

Absolute TEC to all GPS
satellites in view (QC
and bias resolved) — one _
file per COSMIC satellite | onTec
per GPS satellite per arc

- time
level 1b - Rx & Tx pos. temporal: NetCDE | < .
11
- absolute TEC 1 sec etC S 115 min
- code biases




COSMIC Data Products and Formats

[ Data description | Level/Type | Main products || Resolution | Format | Latency ||
: . - time
lonospheric  occultation _ SNRs
excess phases and ampli- level 1b - Rx & Tx pos temporal: NetCDF || < 145 min
tudes — one file per GPS ionPhs " Rx & Tx vel ' 1 sec ~

occultation

- excess phases




COSMIC Data Products and Formats
| Dora description | Level/ Type | _Main products | Resolution | Format | Latency |

- time

- lat., lon. tical

- tangent altitude verticar. NetCDF || < 145 min
2-3 km

- occ. TEC

- electron dens.

lonospheric  occultation

profiles from orbit alti- level 2
tude and down — one file ionPrf
per GPS occultation




COSMIC Data Products and Formats

[ Data description | Level/Type ||

Main products | Resolution || Format ||

Latency ||

Raw TIP (Tiny lono-
spheric Photometer)
nadir radiance data -
one file per COSMIC
satellite per dump

level 1a
tipBin

- time
- counts

temporal:
seconds

TIP
native
binary

< 115 min




COSMIC Data Products and Formats

[ Data description | Level/Type | Main products || Resolution | Format | Latency ||

- time
Radiances from the TIP level 1b - ColL_’tr)‘tS , .
— one file per COSMIC . - calib. coetr. temporal: | NotCDF < 115 min
satellite per dump tipLvl - Rx position seconds

- surface lat., lon.

- radiances




Summary

e Three instruments on board each COSMIC satellite will provide iono-
spheric data:
— GPS receiver: TEC, electron density profiles, and scintillations

— TIP: Nadir intensity from radiative recombination emission along
the sub-satellite track

— TBB: TEC and scintillations on satellite-to-ground links

e COSMIC will provide an unprecedented large amount of ionospheric
data useful for data assimilation into space weather models and
ionospheric research in general

e Feedback very welcome on planed near real-time ionospheric data
products and formats

e We also need to discuss ionospheric data distribution. . .




