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Atmosphere
sounding

with GPS
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GPS remote sensing at GFZ

Occultation Reflection

CHAMP

Ground
station
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Regional ~230 stations (Germany)

Research project:
Operational GPS
Tomography

GFZ Potsdam
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Space based
sounding
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GNSS receivers for occultations on satellites

SAC-C (since 2000) COSMIC (6; since 2006) Metop (since 2006)
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_Our Occultation ,Oldie": data since 2001




Earth’'s Gravity with ,add on®:
. .'occultations since May 2006
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Number of all Occultations

Number of months: 89 CHAMP: 360529
Number of occultations total: 489151 GRACE: 96770
Monthly mean: 5496 SAC-C: 31852

2001 2002 2003 2004 2005 2006 2007 2008 2009

Torsten Schmidl (ischmidi@glz -polsdom.de)
Fri Jun 13 12:21:36 2008
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Good job CHAMP! Bye Bye soon

HAMP Decay Scenario 20-33;-2008. Estimated live-time:
September 2009 (5
years was nominal LT)

e Predicted Altitude Scenario for {350 7
Atitude Nominal or
Solar Activity (Schatten 1107}, _
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Solar Flux F10.7 (10W/m*/H

But there is some cold
gas (~3 kg), Orbit
manoeuvre planned for
spring 2009 (uplift)
prolongation until end
2009 seems to be
feasible

MSFC-nom-080511

Real Solar Flux
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GRACE decay scenario
GRACE-1 Decay Scenario (21-5ep-2007)
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Sclence results
CHAMP

(examples)




GRACE processing:
Zero Differencing
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Zero differencing
(no more reference links!)

Referencing
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Zero Differencing: GRACE-B

Deviations in relation to ECMW(F (96 profiles)
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NRT data
and

weather forecast
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Monitoring by GRAS-
SAF at Metoffice
£ Somples: 157
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NRT data use CHAMP/GRACE-A

currently monitoring
currently monitoring
assimilating

assimilating

monitoring

monitoring

monitoring
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Z /mprovement of global forecasts (ECMWF)??;'
(CHAMP + GRACE-A, Jan/Feb 2006) b

Forecast verification e EHE’GHE
100 hPa Temperature
Southern Hemisphere GRACE

Forecast Day
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10 CHAMP 3 SAC-C occultations 3dvar WRF, NCU
accumulated 24-48 h precipitation
Control + 13 GPS RO
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GPS RO improves ECMWEF analyses

Globol meon T b|r:15 stddev 300—10 hPa

2.9

stddev!

2.07
1.9
1.0

0.97

0.0

-0.5

Monthly mean temperature bias and stddev between CHAMP
and ECMWEF for the pressure (altitude) range 300 -10 hPa
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Comparison CHAMP

with MOZAIC data

2000 - 2002

EC FUNDED PROGRAMN

Recent and unique validation study, Heise et al:;"2008
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At<3h, d<300 km, March 2001- March 2006,
324 coincidences found (MOZAIC, CHAMP)
Indicate the airport locations approached by the 5 aircrafts
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Comparison example
April 12, 2002; 20:33 UTC; 33.32°N 132.09°E

2002-04-12 20:33 2002-04-12 20:33
OCCULTATION 33.32°N 132.09°E OCCULTATION 33.32°N 132.09°E
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» Corresponds to
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* At<3h, d<300 km, March 2001- March 2006
» 2700 coincidences used for comparisons

* (dry) temperature and refractivity, h>300hPa (dry air assumption)
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of MOZAIC with CHAMP and ECMWF

(assimilation of

aircraft data to ECMWEF, high accuracy in this region and
altitude) —
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Conclusion and outlook

GPS RO retrievals (for the first
time demonstrated with CHAMP)

IAGOS: From MOZAIC to Sustainability

1993

2001
2004
2005

2008

Size & Weight Ambition & Scope

MOZAIC I+l sk 0,10 |
MOZAIC i PRI o .0 c0:rey

IAGOS 100 kg 0,+ CO + NOy + NO, +
FP6 Design Study H,0 + CO, + clouds + aerosol \

New Infrastructure: 10-20 longrange aircraft,
(e.g. through ESFRI)*  9lobal coverage
*European Strategy Forum on Research Infrastructures

J. Wickert; CHAMP, GRACE, SAC-C, TerraSAR/Tandem-X

~ GPS RO workshop; ECMWF, June 16, 200




Climate
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~ 5,000 profiles
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N Polar = : 10°/simple

N Midlot ""*'-.'"'- =S 10°/extended
N Subtrop| i . "3 o 5°/extended |

Tropics

Subtrop
S Midlat

S Polar

Globe

LRT height trends [m/yr] based on GPS RO data from May 2001-December
2007 (80 months) for different binning methods and tropopause algorithms. Error
bars (2-sigma confidence intervals). (left) SNR with the one-sided 80% and 90%
confidence intervals. For details see Schmidt et al. (2008), Figure 3.
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Reflections
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Direct signals

Reflected signals

Applications
* Ocean Altimetry (topography, circulation)
* Scatterometry (sea state, surface winds)
* Atmospheric and lonospheric Imaging
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» Delta-2 Vandenberg, Nov. 21, 2000
« U.S. (JPL) Argentina (RO)
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SAC-C: occultations (JPL)

sacc_glevels

Open-Loop testing (10/16/02 — 01/30/06)
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*First investigation with
*Currently
*Recent joint community effort for
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First intersatellite RO comparisons
(SAC-C; CHAMP)

212 coincidences (July 2001 ... March 2003) (<1/2hr and <200 km) consistent
. By contrast mean temperature of analysis
(NCEP) shows differences of ~0.5K to SAC/C or CHAMP
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TerraSAR-X

Launch with Dnepr-2 Is quite large ...
from Baikonur, 5m, 1,2 ton
Orbit 514 km 98° incl.

5 years planned josee. web DLR

. =, —
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IGOR (Broadreach)

Adapter for

OccAntennas (same as for COSMiC)
fore and aft-looking

e =
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Status of TerraSAR-X GPS

Operational and high quality

(neutral gas and ionosphere in commisiong
phase) not primary mission goal

Preliminary results for neutral gas occultations in open
loop mode (worse statistics compared to CHAMP, low
number of occultations, initial ionospheric profiles,

flr navigation bit provision installed
and operational, data can be provided

, tested with 3 satellites in parallel at
Ny Alesund
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Absolute Orbit Accuracy Assessment of TX1 Science Quality Product

Average=2.4cm

Daily RMS (cm)

200 210 220 230 240 250 260
Day of Year of 2007

DLR orbits

Comparison
with SLR
data

Daily RMS
2.4 cm

Average=137

200 210 220 230 240 250 260
Day of Year of 2007
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7% Initial analyses of RO data TerraSAR-X

/ lhnl lhlf’ll/Ef\‘\lﬂl 1/ A\ 7 f)an\
(vanuary/rreoruary cuuvo)

TerraSAR-X

CHAMP

time period

32 days

32 days

# occultation
events

1378

3904

signal tracking
method

closed-loop,
open-loop
below 25 km

closed-loop,

fly-wheeling
in lower

troposphere
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OpenLoop processing

delta phase nav. bit data

Model T

+ phase adjustment

according to Sokolovskiy,
GRL, 2006

results in final phase L1

e —
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Global coverage NavBit Data GFZ

5 stations operational
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Beyerle et al.,
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vertical
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/¥ N\ horizontal
‘ - baseline

‘_.-_ < = ":‘."'\._
D g;: _I‘TerraSAR-x

Satellite

. _ Source: DLR web
View to the Earth in stereo ..

planned launch in 2010 again with IGOR
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Some activities

for future projects
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New satellite

GPS, GLONASS, missions
GALILEO

B |
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activities —
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GNSS recelver
application

{o]§
reflectometry
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Wind speed above w

from reflected

s\ L

reflected GPS L1 C/A waveform, 19.07.2007 13:00:20 - 13:04:20, PRN 17
T

T T T I

model: 1.5 m/s windspeed
ol model: 2.0 m/s windspeed
= model: 3.0 m/s windspeed
= model: 6.0 m/s windspeed
—®— measurement: GORS receiver
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18 sat., 3 planes, 15 min

GLONASS GALILEO
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Airborne platforms

Zeppelin NT

Reflectometry/Scatterometry;
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Conclusions and outlook

The ,science driven® missions CHAMP. GRACE, SAC-C
brought
(retrieval, applications, preparation of COSMIC and
Metop) TerraSAR-X/Tandem-X ,hopefully” bring new
aspects (calibration, error characterization)

IS existing but at
science Institutes as GFZ, better cooperation with
GRAS-SAF feasible ?

There are serious thinkings on
with new scientific aspects (GPS-M,
Galileo, GLONASS, receiver technology, reflections
etc.), for realisation international cooperation
necessary, also with COSMIC FO
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