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COSMIC and OL

Open-loop (OL) tracking needed for lower
troposphere.

Narrowband (50 Hz) OL tracking requires:
= a priori model for the atmospheric Doppler

= a priori model for the atmospheric range (for
rising)

OL models developed and implemented at JPL (Hajj
& Meehan). UCAR has given valuable feedback on
evaluation of OL data.

SAC-C has provided (and should continue to
provide) a very effective in-flight test-bed.
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Evaluation

How well is OL working?

How good is the Doppler model?
How good is the range model (for rising)?

How do the retrievals depend on the accuracy
of these models?
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GPS RO Processing

GOAS (GPS Ocecultation Analysis Software)

DATA

ORBITS
(GIPSY-OASIS)

CALIBRATION

RETRIEVAL

Flight Data

* CHAMP
* GRACE

* SAC-C

* COSMIC

GPS Orbits

* FLINN (1-week

latency)

* quick-look (17

hours)

e real-time

\

/

Ground Network

* total of 28+ stations
at 1 Hz

* 20 managed by JPL

* 8 managed by GFZ

LEO Orbits

Nav Data Bits

* IGS tracking
stations

October 16-18, 2006

Calibration

* removes orbital
motion

* solves for
transmitter and
receiver clocks

* isolates
atmospheric phase
delay

e for OL, construct
phase observable
from model phase,
residual phase, and
corrects for (half or
full) cycle slips.

Retrievals

* Derive bending
angle profiles (CT
for LT)

* Remove
ionospheric
component

e Obtain refractivity
using Abel
inversion

* Derive temperature,
pressure, water
vapor

Y

Quality Control

* Compare retrieved
profiles with
ECMWEF and/or
NCEP analyses
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Minimum Altitude

The minimum altitude is usually determined by
examining the dropoff in CT (FSI) amplitude.

A simulation example:

CT amplitude

:
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Minimum Altitude CL (CHAMP)

CHAMP (Mar - Jun 2008)
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Minimum Altitude CL (GRACE)

GRACE-A (Jan - Sep 2006)
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Minimum Altitude OL (SAC-C Setting)

SACC Setting (Mar - Aug 2006)
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Minimum Altitude OL (SAC-C Rising)

SACC Rising (Mar - Aug 2008)
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Minimum Altitude OL (COSMIC5 Setting)

COSMIC 5 Setting (Jul - Sep 2008)
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Minimum Altitude OL (COSMIC5 Rising)

COSMIC 5 Rising (Aug - Sep 2008)
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Minimum Altitude OL (COSMIC5 Rising)

COSMIC 5 Rising (Aug - Sep 2008)
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Minimum Altitude Over Pacific

I champ
CHAMP I grace
[ sacc set
[ Jsaccrise
GRACE I cosmic5 set
I cosmich rise

SAC-C
(Setting)

SAC-C
(Rising)

% of occultations

COSMIC 5
(Setting)

COSMIC 5
(Rising)
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Why don’t all OL profiles
reach the surface?

 Difference between rising and setting?

* Difference between COSMIC and SAC-C?
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Possible Issues

Inaccuracy of frequency model?
Inaccuracy of range model?
Implementation problems?

= Bad real-time navigation solution, etc.

Retrieval/processing problems?

» |Is CT/FSI amplitude dropoff a good indicator?
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Effects of Frequency/Range Model Offsets

SAC-C Amplitudg vs. Frequency Offset

Large frequency model
offset causes amplitude
reduction and cycle
slips.
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Residuals, deg
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Evaluation of Frequency Model

Frequency model is accurate to within 10 Hz
[Hajj et al., 2002]

S o
& 2
S 8o8 %2

a e a A o o o o b o o aa b A aal A A

AN Sun e aub e ek e e B

TTTTYTTTTTTTTYTTYYYr

. am an mn

| ITEPITETE APETEE WA AW S

L i BB indn o
4
4
b
-
4
4
L
4
-4
4
1
4
4
.
4
4
4
-
4
4
-
9

AW P W DWW

D

Al A 4

Aassiasaslasil

40

Fig & Resdwml atmosphenic Doppler shift (¢, mwasured

precheted ) 2= 3 function of the occoaltation tangest height for 85
GPS MET occultanees collected oo July 1, 1995 The ungem
height 15 desermined based on 2 stragghs hine connecung the trans-

mitter and the recerver

First Formosat-3/COSMIC Data Users Workshop (Boulder, CO)




mps_test SNR500 pi10Hz

sne [x 10000] or phase [cycles)
imgact height [km)

bending [deg]

rxi phase [cyclos]
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Evaluation of Range Model

One month of SAC-C setting occultations (April 2006)
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Simulations - Range Offset

100 m offset

10

——— p100

P
il | |

6 L

Height [km}]

o

& & 8 s © -
Impact height [km] (N(ret)-N(inp))N(inp) [%]

200 m offset

10

——— p200
no offset || gl

WJM WW@ i
MNM

6 L

Height [km}

o

s 6 8 1 s © -
Impact height [km] (N(ret)-N(inp))N(inp) [%]

First Formosat-3/COSMIC Data Users Workshop (Boulder, CO)



Simulations - Range Offset (No Cutoff)
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Conclusions

OL tracking allows RO profiles to reach much
deeper in the lower troposphere.

Analysis of COSMIC and SAC-C data shows that ~
80% (50%) of the profiles reach below 2 km (0.5 km)
over the Pacific.

SSS (small sampling size) caveat applies...
= SAC-C seems slightly better than COSMIC

= Setting seems slightly better than rising

Simulations with frequency and range offsets show
that the retrievals with full-cycle correction are not
very sensitive to model errors.
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