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GPS Occultation

Basic measurement principle:

Deduce atmospheric properties based on
precise measurement of phase delay and amplitude.
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COSMIC: Constellation Observing System for
Meteorology, lonosphere and Climate

@ 6 Satellites launched:
01:40 UTC 15 April 2006
@ Three instruments:
GPS receiver, TIP, Tri-band beacon
@ Weather + Space Weather data
@ Global observations of:
Pressure, Temperature, Humidity
Refractivity
Ionospheric Electron Density
Ionospheric Scintillation
@ Demonstrate quasi-operational GPS limb sounding with global

coverage in near-real time
@ Climate Monitoring




FORMOSAT-3/COSMIC launched at
01:40 UTC 15 April 2006




Attitude display for 2006.1338.005.01, duration: 248 minutes

Toaw, —2.3
Pitch: .7

Rell: 1.4

o8 angle: —54.0

2006.1358.01.41.20
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« COSMIC satellites are going through check out
phase now:
— All six satellites are healthy
— All payload working as expected
— Begin orbit raising for one satellite last week

« Mass production of GPS RO sounding is expected to
begin in late June 2006.



Earth-Fixed RO Locations for COSMIC, 6 SLC, 6 Planes, Orbit = 01, Launch+1.5months
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Earth-Fixed Occultation Locations for COSMI_@, B8 S/C, 6 Planes, 24 Hrs, Launch+~3months




Earth-Fixed Occultation Locations for COSMI_(;, B8 S/C, 6 Planes, 24 Hrs, Launch+~8months
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Earth-Fixed Occultation Locations for COSMIC, 6 S/C, 6 Planes, 24 Hrs, Operational Constell
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COSMIC sounding distribution
In a day

Occultation Locations for COSMIC, 6 S/C, 6 Planes, 24 Hrs
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COSMIC GPS RO Soundings in a
Day after it is deployed to final orbits

Occultation Locations for COSMIC, 6 S/C, 6 Planes, 24 Hrs




Locations of the two pairs of

Left soundings
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COSMIC Colocations: Refrac., 2006.151—-164, —30<LAT<30, DIS<100km

Count

10 20 30 5 10 18 20 25
L L LA L L L L S L L L I
[ I ] - 3 ]
ql V3 ] q L LR ]
5 i 5 5 i3 z
< [ | Q- . . = -
“F Tropics i ] - Mid-latitude /1) ]
s, (B0N-30S), j ! ] sof (30 S-60S) 1 _—
2 r Pige ] =0 ]
5 W ] i | ]
k: j : g 5
I ] i Joxt ]
- : . . I_;jl’—:-,—l—'—l'_;: 17777—: ) ! ) ) ) | . : o : 1 | e e I—— 175 I ::‘\ i — | I 1 ! | 1 :

- - 4

C%SMltC Colocations: Refrac., 2006.151-164, —B0<LAT<—30, DIS<100km
oun

2 o
o imcaprane ruaren (REF(1) — Ref(2)}/Ref(1)
NI righta recared

COSMItC Colocations: Refrac.,
n n

GW)‘ﬂIM (C) 18992002 Cmﬂﬂm {C) 19992002 (X 1 0—2)
rivarsity Corporation for Atmcsphare Rassarch

COSMIC Colocations: Refrac.,
Count

% (Ref(1) — Ref2))/Ref(1) (1073

T m-aho 'uf (“C‘S RO L
100 km in different segions |
L Arctic k .[ Antarctic (4 ;

_[(60N-90N) 5 1 (60S-90S)} 5
e i o i réET 5

Copynight (C) 18992002
Urivarsity Corparaticn for Atmasphere Ragsarch

2
(Ref(1)

Al righea rasenmd

— Ref(2)}/Ref(1)

cownm (C) 19992002
rivarsity Corporaticn for Atmcagharic Ragsarch

—4

NI righta raparvmd

-2 Q
(Ref(1) — Ref(2)}/Ref(1)

(x1979)



~Q
a0
fats)
't
[ana s
CE
=
a

(

nPrf-CO

atmPrf-(

paseBey BB |1t
420558y opeydaouny 40} UoRoIodo] QsIBANN HI0Z—665L (2) uBlideD

C .

05 ]

5.5 [
T & M

D ~— T

\ ]

/ ]

\ / .; R 1

N { | I.

{urf) HoISK

parases BEL |17
4240958y SpeydoUn 40} UOROIODIOD sIBANN HI0Z-686L (3) IuBLIKHRD

13.3 53.1
Day 113
00:51 UTC

{uty Yo S|

FaANER YO Y
4340959y SpeYdEOUN 40} UORDIOIOD IBIBANN YI0Z-E86L (3) WBLUSdRD

o 1
(oo Mg 1
~ D
<
WA.

o
ao
N
/.
N\
f,.
o/ H
\ i
f(\\ |

P T N RO AN TN TR T SO NN TN T T SO N T SR N

oL 0Z ol

(unf) JoSK

20

—40 -Z0
Temp (C)

—80

—80

20

20

(=4
¥

Temp (C)

Three Tropical Soundings

Temp (C)

avnk

pasasey Eqybl |17
240959y SURYAROUY 04 UORDIODOT GEIBAMN $00Z-685L (0) JBLISd0D

< |
- 0 1
P E 1
=] 7
16 1
6y2 J
© ®o |
©n2

\ ]
AN e \
A ™~ 4
.,‘ e N

N ]
P ST ST SN AN N ST S SN N S S T N NN NN S N
og 0T ol
{unt) YosK

passases EUBL Iy
yaD8seY Speydsouny 0 uORoIOdIOD QURIBANN H00Z-686L (3) WOLHD

SR R L L R
< ]
= .
2] -
el = U

-~ 1
«Q > d
QTS /o
.,./,, Fi ”
N\ fo ]
\ \ ]
e N / 1
S\ ,,\ i
N B B B

o1 [6X4 ol

{uty Yo sk

pasases EUBY (I
ya0eseY Speydsouny 0y UoRoIOdIoD QRN HI0Z-686L (3) WLHeD

- ]

5 ]
8 © .
To> -
— <t 1
=

©Q8 1

/
S S
=

S . /\K 1
IR ST SN TN TN TN T AN TN SN S NN S S 1
og 0z ol
{(unt) YoIsK

20

—40 -20
Temp (C)

-0

20 -80

—80 —40 =20

-80

20

—60 —40 =20

-80

Temp (C)

Temp (C)

Three Polar Soundings



COSMIC GPS RO Sounding Over
the Antarctic since launch

Occultation Locations from COSMIC, 2006.111-163




MMS5 4D-Var Assimilation of GPS RO data

GPS Occ 00 UTC 10— 00 UTC 15 O CHAMP  ©SACC Cold Start (AVN) No GPS GPS

Init: 1200 UTC 11 Dec 01 Init: 1200 UTC 11 Dec O1 Init: 1200 UTC 11 Dec 01
66.00 Valid: 0600 UTC 14 Dec 01 Fest: 66.00 Valid: 0600 UTC 14 Dec 01 Fests 66.00 Valid: 0600 UTC 14 Dec 01

1200 UTC 11 + 66H

T
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Date (December 2001)

Wee et al. (2006) assimilated 50+ GPS RO soundings from CHAMP and SAC-C over the Antarctic
over a two-day period and demonstrated positive impact on the prediction of an intense Antarctic
cyclone out to 3 days. The GPS RO soundings account for ~3% of the data used.

Solid contour: Predicted Sea Level Pressure by MM5 using different initial conditions. Dashed lines
are verifying ECMWF analysis.



Observations

= GPS RO refractivity

= TEMP (RAOBS/PIBAL)

= SYNOP (SFC/SHIP/BUQY)

= AIRCFT (AIREP/PIREP/AIRCAR)

= ATOVS soundings (Tv and Z)

= MODIS soundings (T, Q, and 2)

= SSM/I (rainrate, liquid water, PW, and SFC wind)
= Satellite wind

= QuikSCAT (SFC wind)



Verification with an independent analysis

(average of forecasts after 4 cycles of assimilation)
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Verification against GPS RO
observations
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Summary

COSMIC was successfully launched, and we have
already collected excellent data during test phase.

Operational data production will begin by the end of

June. The data can support reat-time operational NWP.
Data latency is less than 2 hours.

Assimilation results using earlier mission have
demonstrated the impact of GPS RO data on Antarctic
regional analysis and prediction.

Data are freely available. Just sign up at COSMIC web
site:
http://www.cosmic.ucar.edu/



