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The OSTST team will sorely miss two talented amaigus persons who contributed a lot to the
progress of altimetry during their careers:

Roman @ azman, a Principal |Investigator of the SWI and OSTST for nany years,
passed away on April 24, 2006.Hi s contributions to the science of sea surface
processes and mcrowave renote sensing are a trenmendous | egacy of his passionate
pursuit of science.

Tony Elfouhaily, an expert in fluid turbul ence, el ectromagnetic scattering and
nonl i near wave theory, is suddenly gone on July 26, 2006. Anpbng many ot her

remar kabl e achi evenents, he contributed in the devel opnent of the Sea State Bias
theory and its estimation.
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Introduction

This Ocean Surface Topography Science Team (OSW®&ELing was following the symposium
“15 years of progress in altimetry” co-organizedEyA and CNES and sponsored by NASA and
many others partners involved in the development @momotion of altimetry. This symposium
attracted more than 500 participants in Venicdyitaoming from many countries to present,
discuss and exchange past and recent results defigen altimetric data in different Earth
observation disciplines (oceanography, ice stuggrdiogy, geophysics, geodesy). Having the
OSTST meeting nearby this major event as well asAtigo and IDS workshops was very helpful
to give a global and deep overview of the uniquegprss which has been done in altimetry over
the last years and to foster the dialogue with@wcommunity, beyond the current OSTST team
(see thenttp://earth.esa.int/venice®ite for loading the abstracts, presentationsmaimdites of the
symposium). Most of the OSTST PIs and Cols invasitgs were presented during the
symposium contributing to the various discussi@ise of the major output of the symposium is
the statement on the future of altimetry, its aomtly and extension, which was reviewed and
approved by all the participants. This statemeanttesched at the end of this report.

* As an introduction of the OSTST meeting, it wastfreminded that the TOPEX/POSEIDON
mission ended on October 2005 after 13 years afique continuous collection of highly
accurate altimetric data. This was an opportumtthaank all the actors who contributed in the
development, the exploitation and the outstandumgress of this mission. Hopefully, since
December 2001, Jason-1 is continuing the T/P mssiompleted in terms of coverage and
sampling by ENVISAT and GFO. Moreover the Jasopr@ect development is on time
scheduled now for a launch in 2008 with T2L2 onfdoas a passenger (see below Jason-
1,Jason-2, ENVISAT, GFO project status summariesiare details)

* The main issues which were addressed during thiESOSmeeting were related to the on-
going evaluation of the reprocessing of the Jasdatd, the expression of recommendations
to the project regarding this reprocessing schedine2006 (see reports of the splinters for
the details) and the expected future T/P/Jasomiolgeneous global reprocessing.

* Other issues which were discussed during this OST8&4ting included:

The algorithm evolutions for Jason-2

The development/validation of higher resolutionrection models (tides...)

The Jason-1/2 cross-calibration in case of an wearpd gap in the time series

The continuity after Jason-2, i.e. the referens®d&8 mission definition and recoms (orbit,
payload...), the AltiKa mission definition as a coeplent

* The OSTST Science Plan to be released end of 2006

As usually this OSTST meeting included project @ndgrammatic presentations, T/P, Jason-1
and Jason2 project status, Pis/Cols oral and ppsésentations and splinter working meetings
devoted to specific project and science relatedcsopReports of the splinters, as well as
recommendations, are attached to these minutestrabs as well as some of the poster
presentations can be viewed and loaded on the AVIS@eb site
(http://www.jason.oceanobs.com/html/swt/ostst2D06/

The next OSTST meeting will be held in Hobart, Aalsa, March 12-15 2007. All details on this
meeting are provided on tltp://sealevel.jpl.nasa.gov/OSTST/20W&b site.
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1. NASA Program Status (E. Lindstrom)

NASA Physical Oceanography Program
Priorities
1) Support missions on orbit: Jason (Atimetry),
QuikSCAT (Winds)

2) Support missions in development: ocean
Surface Topography Mission (Altimetry), Aquarius (Sea Surface
Salinity)

3) Support next generation mission concepts:
Ocean Vector Winds, High Resolution Ocean Altimetry, Next
Generation SST

4) Support Climate Focus Area: Decadal Climate
Variability, US CLIVAR, CCSP, GCOS, JCOMM

5) Support the National Oceanographic
Partnership Program: GODAE, CODAE, GHRSST-PP

Figure 2. Rank based on absolute scientific value (10-8 compelling; 7-4 excellent, but
less compelling, and 3-0 modest).
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Outside Forces

Practical Matters for OSTST

» USA Team in place until March 2008

» Calls for recompetition in ROSES
07 (Issues @ end January 2007).

* Proposals due summer 20077?

NASA 2005 Senior Review

*NASA conducted a “senior review” of existing earth missions
in spring 2005, evaluating and ranking the scientific value of
each mission for deciding the continuation of the mission and
operating budget.

* A proposal was submitted by each mission to report its
scientific findings and articulate the value to continue the
mission.

* The Jason proposal was ranked number one by the review
panel, thanks to the cooperative efforts of the OSTST

* Such reviews are to be conducted every two years.

* The next is scheduled for spring 2007.

Next OSTST Meeting

VENUE: Wrest Point, Hobart,

* Budget constraints (-20% this year!)

» Global Earth Observing System of Systems

» U.S. Integrated Ocean Observing System

« Research-to-Operations Transition
NASA->NOAA

» National Academy of Sciences - Earth Science
Satellite Missions Decadal Survey

= U.S. Ocean Action Plan {Administration
response to the U.S. Ocean Commission Report)
+ NASA Senior Review Process for mission
extensions

Tasmania, AUSTRALIA
TIME: 12-15 March 2007

http:/fwww wrestpoint.com.au



2. CNES Program Status (E. Thouvenot)

15 YEARS OF PROGRESS IN RADAR ALTIMETRY 15 YEARS OF PROGRESS IN RADAR ALTIMETRY
i i CNES involvement in altimetry
CNES Strategy in Oceanography - Complementing mission Reference mission P

e mesoscale, ice Ocean Large scale -
« Contribute to operational outcome of altimetry : TOPEXPOSEIDON | SO
TOPEX/POSEIDON => JASON1 => JASON2/OSTM =>JASON3 7 Altimeter algorithm (CNESIN|:\SA)
ERS 1 & 2 => ENVISAT => SENTINEL3 Latincher ien
: DORIS & POSEIDON
+ CORIOLIS, MERCATOR/COO/ECOMF, ... Mission Center ——
DORIS 2000
+ Continue research activities for future altimetry L EN"]‘)%;TI S(ESAJ Tty SPOTS (CNES)
missionsfinstruments (AltiKa, WSOA, Water,...) v e DORIS & POSEIDON e
Aschive & distrib Control & Mission Ceter | | CRrvasaTeEsA) | | 2005
» Contribute to space measurements of other ocean physical parameters : ; e D
- salinity : SMOS, CNES contribution to ESA project - ;ALT"&fEO&,CISEQOI;SAU O oaw | [PLEIADES ccnES)
- directional wave spectrum (SWIMSAT) S o= Bak
- ocean colour (SSO or GEO) L 2 e
* Prepare ocean applications of ORFEQO (Cosmo SkyMed/Pleiades) : mainly TALE - Ay end pieel Bontiiine s e J

MERCATOR : assimilation, forecast
CNES /SHOM / WETEOWCE 7/ IFREMER / INSU / IRD

coastal applications

Venice {ltaly), 13 > 18 March 2006

15 YEARS OF PROCRESS IN RADAR ALTIMETRY

15 YEARS OF PROGRESS IN RADAR ALTIMETRY
Status of altimetry missions/activities -
- TOPEX/POSEIDON : Jason1

— Stopped after more than 13 years of ocean observations

+ Jason1/TOPEX tandem mission : success ! = e

« ENVISAT - gpzrationjl Tissio; undtgmliay
— excellent synergy with Jason1, (T/P and ERS complementarity further Lk r_l ied routinely
improved) ~ * CNES operations funded through _ Ef\ES‘:
+ DORIS moe e
- 5 DORIS receivers simultaneously in flight : earth reference system * Required lifetime : 3 years
strengthened {achieved in december, 2004)
+ MERCATOR "+ Expected lifetime : > 5 years

— inter Agency structure for the imple mentation of an oceanographic
forecasting center in Europe in the mid term

+ AltiKa : Implementation phase approved. Launch possible from 2009.

+ SALP/ISSALTO/AVISO : multi-mission ground segment

+ Next Step : possible contribution(s) to Water/SENTINEL3/JASON3
(TBD) Venice (11oly), 13 > 18 March 2006

MSON

Venice {ltaly), 13 > 18 March 2006

15 YEARS OF PROGRESS IN RADAR ALTIMETRY
¢ - AltiKa

cnes  silisra

15 YEARS OF PROGRESS IN RADAR ALTIMETRY
Jason2/0OSTM European side

Cooperative Framework between
NOAAMNASAEUMETSATICNES

— basic mission, continuation of Jason1 (Core Mission) ;’@"
— Technological passengers to enhance DORIS u
performance (CARMENZ/LPT, T2L2) .

—  4-party MOU signed very soon

Program approved on december, 2005
— Altimetric Gap filler between ENVISAT & SENTINEL3
— Research oriented mission
- new, higher frequency, greater performance
- potential nevy applications on ice, land, coast areas

CNES » — _.but with a consolidated architecture - conventional altimeter
— program approved in April, 2004 = EUMETSAT
¥ EEJMPE;;:;BWWE o Cgef Cooperative framework : CNES/ISRO
— CNES/EUMETSAT agreerﬁem approved, ready to be — Aliika embarked on OCEANSAT3 mission (with other ocean-dedicated sensors.. )
signed — Or, on another satellite depending on OCEANSATS schedule

Back-up solution :

Launch date ; june 15, 2008 3 . - :
. — Alika embarked on a dedicated micro-satellite

Tentative launch date : mid-2009

Venice (Ilc.ly]., 13 > 18 March 2006 Pl Venice (Ilc.ly]., 13 > 18 March 2006 e

15 YEARS OF PROGRESS IN RADAR ALTIMETRY
So, what’s next?

ALTIMETRIC MEASUREMENTS: SSH, , YWAND SPEED AT NADIR
POSSIBLE SCENARIO FOR OPERATIONAL CONVERGENCE BETWEEN THE USA & EUROPE

66 dda incliption

I EEIE

EUR LS M1

eratorel s skm
e

Altika

Highfinclingtion

=

| £ODAY

B norbit ] approved [0 Plannedipendingfppproval [0 Proposed Scenario

*hn imeter ushyin orbit for proper
* 1S cortributionta it cperafioral system part of NPOESS [aHimetrdis part of NP OESS bazeline)

Venice {lialy), 13 > 18 March 2006



3. ESA Earth Observation Missions Status (J. Benvenis)

esa

ESA's Living Planet Programme

—ERS-2
Launched in 1995

ENVISAT: —— .
Launched Feb. 2002
Fully operational

Meteosat Second
Generation

MSG-1 launched Aug.02—=
MSG-2 launch end '05  ©

MetOp
WetOp-1 launch 2008

+ Living Planet Programme established in 1995 by ESA

« The objectives of the Living Planet Programme are to:
— Further develop our knowledge of the complex Earth System
— Preserve the Earth and its environment & resources
— Manage life on Earth more efficiently/effectively

* Principal types of focused EO mission to realise these goals:

— Earth Explorer - focused research & tech. demonstration missions

designed to advance understanding of Earth System processes
— Earth Watch - Operational Missions, serving operational and
applications markets (e.g. GMES Sentinels)

*Goal is to develop new technoiogies whilst building long-term European industrial
competitive edge - with benefits in both pudlic and private sectors

o

Eoropean Space Agency OSTET Meeting - Verive - 18 March, 2008

Agenca spatiale europbense

f-esa

Forthcoming Attractions

« ESA’s Living Planet Programme contains the Earth
Explorer line of “science-driven” missions

* Approved Earth Explorer Missions:

» GOCE {planned 2/2007 launch)
» SMOS {planned 9/2007 launch)
» ADM-Aeolus (planned 2008 launch)
»CryoSat-2 {planned 2009 launch)
» Swarm {planned 2010 launch)
» EarthCare  (planned 2012 launch)

* 24 new Earth Explorer mission Proposals currently being
reviewed after 2005 Calf for Missfion Ideas

(¥)
Living Plast

Eoropean Space Agency OSTET Meeting - Venice - 15 March, 2008

Agence spatiala européenns

esa

First 4 Earth Explorer Missions

{ )
Living Plast

ADM-Aeolus

2nd Core Mission
Wind speed profiles
Doppler wind lidar
instrument

Under construction
Launch 2008

SMOS
2M Opportunity
Mission

Soil Moisture and
Ocean Salinity
L-band radiometer
Under construction
Launch Sept 2007

GOCE

1=t Core Mission
Gravity field and geoid
GPS receiver and
Gradiometer

Mearing completion
Launch Feh. 2007

( ) ( )
45.$5ﬁﬂé’f§f.ﬁfm OSTST Mesting - Verics - 16 March, 2008 [ivinﬁ?’a:lgi A;emﬁmzﬁ-:f:ﬂ OSTST Meeting - Venice - 16 March, 2008 liang"PFn'vglgl:
o ©-€Sa  Altimetry Development Contracts
Most Recently Approved Missions
+ Ongoing
— RA Individual Echoes and S-band (CLS)
+ 5-band calibration
) — RA Individual Echoes and S-band (NOCS)
* Swarm - approved in May 2004 — River and Lake Level (DMU)
— Basic Radar Altimeter Toolbox (BRAT)
. . = Radar Altimeter Tutorial (RAT)
EarthCARE - approved in Nov. 2004 — Goce User Toolbox Specification (GUTS)
« Merging Radar Altimeter and Goce products for absolute
. ocean circulation
+ CryoSat-2 approved in Feb. 2006
o 2
Foropean Space Agency OSTST Measting - Venice - 16 March, 2006 - “\ The! European Space Agency OSTET Meeting - Verive - 18 March, 2008 AN ’!'F’l
Agenca spetele soropéense Living PIOnet  guncy spcticte porspoanas Living Plonet



€Sa  Altimetry Development Contracts

esda Data Exploitation

+ Foreseen in 2006/2007

— RAIES Follow-on
+ Creating a RAIES Users Group

— Altimetry Corrected Elevations 2nd Generation
+ Correcting STRM with RA

— River and Lake Follow-on
+ Ra performance over inland water
+ Assimilation in hydrological models
* In-situ data

— CryoSat SAR mode retracking over ocean, inland

water and coastal zone
— GUT (GOCE Toolbox implementation)
— SUIT (SMOS Interactive user Toolbox)

Eoropean Spoce Agency
Agenca spatiale europbense

esa

OSTET Meeting - Venive - 16 March, 2000

Data Exploitation

AN

livinj‘Pian t Ag

+ Four on-going ACs and the Category-1
continuous submission mechanism.

+ On-going AQOs involve more than 1100
projects.

+ The Category-1 continuous mechanism
witnesses a growing success, with currently
25 proposals submitted monthly and more
than 800 projects in total.

+ 200 Projects using ERS or Envisat Altimeter

+ Cat-1 mechanism is supported by the EO PI
portal: http://eopi.esa.int

Foropean Space Agency
once spatiala européenns

esa

OSTST Meeting - Venice- 16 March, 2008

Summary

SN
)

livfné' an’ri’; t

+ The EO PI portal is increasingly popular.
Practical information includes stories about
“Pls of the month”, round tables on scientific
topic, public and scientific news.

+ Projects correspondents (ESA Staff) are
assigned to stimulate one-on-one dialogue
with all Pls.

+ Intense scientific promotion efforts:

— provision of open-code software toolboxes,

http://eopi.esa.int

Eoropean Spoce Agency
Agenca spatiale europbense

OSTET Meeting - Venive - 16 March, 2000

e

livinj‘Pian t Ag

« ESA’s Living Planet Programme has a series of
approved missions.
See: www.esa.intflivingplanet
= FEarth Explorers have focused scientific objectives - and
each will address key questions about the Earth System
* CryoSat is the first of six approved Earth Explorer
Missions
— It will be reconstructed and relaunched in march 2009
* The next Earth Explorer launch is GOCE in Feb. 2009
* SMOS Launch dated is17 September 2007

Foropean Space Agency
once spatiala européenns

OSTST Meeting - Venice- 16 March, 2008

"

livfné' an’ri’; t



4. GFO Mission Status (J. Lillibridge, G. Jacobs)

Navy GFO Ground Segment

%g;g GFO Spacecraft & Sensors

TT&C antenna
- * Ku-band Altimeter

GPS antenna = Fropulsion|
: _~ module

* Dual-f Radiometer

~ _Battery

RA/MWVR antenna
iy fpomees « Doppler Beacon

» Laser Retro-reflector

» Fixed Solar Array

WVR cold horns

Magnetomerers * Solid State Memory

: Altimetry Data Return

%glﬁ A Brief History

80
* Launch: 10-Feb-1998 from Vandenberg AFB 0
— 8-year nominal lifetime, celebrated 8th anniversary in 2006 ;70 B
* Initial hardware difficulties éso g
— Onboard CPU resets during first two years E ’
— GPS receivers failed in spite of 4-unit redundancy x50, 5 U
+ Loss of primary orbit determination system é S GD?'S 4o *.Payloads off - Thermal Issues
« Loss of precision time-tagging H 40 Navy Adcaptance Momenturmn Wheet Anomaly
« Ground-based time-tag unit at NAVSOC: June, 1999 fa0. :
* Precision orbit determination based on SLR tracking § .
* CPU reset problems solved: November, 1999 520 0
* Navy acceptance: November 29, 2000 10 0 R ) -
* Momentum wheel anomalies - temperature sensitivity o ' '

2000 2001 2002 2003 2004 2005 2008
Year

— [ oo B < R

European Partners

%gg Interagency Participation

+ CNES - Corsica absolute calibration

* CLS - Real-time “DUACS” system
*Us NaVy * NASA — Validation of all corrections

— Editing thresholds and engineering flags

— SPAWAR — Wallops Flight Facility
= Program management - Instrument performance maonitaring & Caltval — Sea surface height, SWH, Wind & Attitude
= Navy Calfval team - _ 7
— Goddard Space Flight Center S'Q'S'. (U' K') SWHAMWind Buoy
- NAYSOC = Precise Orbit Determination fram |aser ranging validation
= Satellite Command/Control » Ice-sheet monitoring via altimeter waveforms
» Data Telemetry
« Operational Doppler orbits « NOAA

— NAVOMRL - Stennis
+ Payigad Operations Center - ADFC — Final Science-quality GDRs
» Near reaktime altimetry -> GODAE - Near reaktime IGDRs
- Military data requests — Civilian Data Requests [Foreign & Mational)
— Funding OSU Calival team & GSFC Orbits
— Funded CLS for sea-state bias model

[r—p——

LR R )

=

-

6-MarDs p B0 M1 & sate - W 410 st & s
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Near Real-Time AVISO Processing - GFO
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GFO & T/P Sea Surface Height

pgs7727 crossover residuals mean
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Sep. 2002 — Aug. 2003
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GFO SSH Residuals wrt GSFC MSS Cycle 68  T/P SSH Residuals wrt GSFC
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* S8H-MSS5 residuals: 11 cm for GFO; 10 cm for T/P
« Geocenter offsets applied (B. Beckley/GSFC)
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GFQO SSH after orbit error removal :
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Improved Mesoscale Sampling
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Pascual, A, ¥ Fauge're, G. Larnicol, and P-Y. Le Traon (2006),

Improved description of the ocean mesoscale variability by combining four satellite altimeters,
Geophys. Res. Lett, 33, 2006
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East Australia Current Analysis - CSIRO

GFO contributes to GSLR records

Atmospheric pressure contours (2 hPa): 01-Jan-2006
0 - Jan-2005.

SST: 01-Jan-2005. SUP drifters (magenta}: 25 Dec - 01 Jan
1 -

Global mean sea level [mm]

§
g
2
A Courtesy
D Giffin -CSIRO

1w W7 e 1S 153 185 157 159

16-11ar-2005

30 1 1 I L 1 L 1 i L 1 L
TOPEX
Jason-1

20 4 GFO L

-10 -| P L

-20 o

Overall trend: 2.97 mm/yr
Annual signals removed

T T T T T T T T T T T T T
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

1e-Har s

W GFDMM”I‘V;&SE\U
GFO Tide Gauge Analysis - Mitchum & Beckley

PO Miss o & States
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Hurricane Katrina & Altimetry

GFO drift estimate

mitlimeters

EIT) 2000 2001 2002 2003 2004 2008 2008
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Scharroo, Smith and Lilliaridge, EOS, 8640, 2005
e

GFO Waveferm Data Collection

GFO Waveforms Cycle 152 : 2005_141 - 2005_157
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The Real Time Ocean Environment
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i%% Continuing GFO Operations

%gﬁ AVISO/DUACS GFO Products

et Avisol Abimetry - Data obal SSH products
4 51 O € N v avie ceaanobs com il dane s pAOGGIS haGteuRs 0Bl kb

+ GFO has reached its nominal 8-year lifetime

+ Navy, NOAA, & NASA will continue operations as long as possible

+ Two significant hardware issues to face:

DT-SLA "Upd

Copmia

— Thermal sensitivity of reaction wheels
+ VWheel #1 taken offline: may still be viable, but requires further study

« Wheel #2 sensitive to overheating
— Reduced operations when arbit in *full-sun” orientation

— Battery aging effects
+ 'Will reach manufacturer's spec. on charge/discharge cycles this year

« During orhital eclipse voltages approach undervaltage limit
— Direct Downlink mode has been terminated (transmitter off)

- Implement 'one-failed-cell’ battery mode to lower UY limits
— Place altimeter in standby for portion of eclipse (each rev...)
— Power off Water Vapor Radiometer for extended periods of time

i [ oo — [ connsce
% Ultra-Stable Oscillator Clock Drift % NOAA GFO GDR Datasets

GFO Ultra-Stable Oscillator Height correction
from Doppler data (red) & Time-tag unit (blue)

18
« Based on final POE laser orbits
16 .
e T « State of the Art Corrections
14 . . Navy Geosat Follow-On
12 . . NOAA Geophysical Data Records . Cycles 37 - 152 on five DVDs

— January, 2000 - June, 2005

&I ~ satiat ~ shih ~ 107 (0.1 ppra)
Doppler Frequeney  F 400 MHz &f: 40 Hz

* Cycles 153 to present via ftp

USO Height Correction {cm)
@

j :EZ?;:EHEH b s b Slwe: raman * <10 cm SSH Variability
. « Current 1-2 cycles with MOE orbits
o - - * Daily IGDR files in 3 days NRT

1998 1999 2000 2001 2002 2003 2004 2005 2006
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5. TOPEX/POSEIDON Mission completion (M. Fujishin, S.Coultin)

0
aes

TOPEX/Poseidon 1“'
End-of-Mission Chronology cnes

TOPEX/Poseidon
Mission Accomplished!

Mark Fujishin

JFL Barth Science Missions
Program Manager

- Pitch reaction wheel ceased normal function on October 9, 2005

« Problern attributed to radiation induced degradation of optocouplers in wheel circuit
+ roll wiheel failed in late May 2004, same cause
« Anomaly had been tracked since 1994; was well-documented, and accurred as expected
« Numeraus attempts at recovery were unsuccessful
« JPL conducted "Steering Committes” briefing wiNASA HQ management on 12/1/05
+ Subsequent HQ decision to go farwiard with satellite decommissioning process
« HQ direction to decommission NLT 1/31/06 transmitted to JPL on 12/29/05
+ Letter of intent to decommission satellite transmitted from HQ to CNES on 1/4/06

* Operations team successfully implemented power-down sequence on 1/18/08

TOPEX/Poseidon
Primary => Extended Mission Success

& @,

OSTST Lty Wt 5. 005
TOPEX/Poseidon 1“'
cnes

Science/Outreach Legacy

# Launched on August 10, 1992
¥ original 3-year primary, S-year extended mission
@ Topex/Poseidon still fully operational when Jason-1 launched on Dec. 7, 2001
# Completed Orbit Transfer Maneuver sequence to new Tandem mission orbit on
September 16, 2002 following 9+ month formation flying calfval period
# Continued to operate well in Tandem Mission mode
¥ three data recorders failed, utilized real-time TDRSS link to meet mission requirement
¥ utilized laser tracking and GPSDR for POD
¥ operations extended through FY'08 via competitive NASA " Senior Review" process

¥ Jason-1 and TP considered #1 priority {of 12 missions) for extended mission
funding through FY'09

O TOPE X/Poseidon science open literature database available on-line

O Over 2,000 articles citing data utilization from
TOPEX/Poseidon and Jason-1 have appeared in over
335 Journals or Publications

O Searchable by author, title, keyward, abstract, & category
for TP/J-related science, engineering, applications, and
education research from 1990-present

it i s
@ TOPEX/Poseidon’s Legacy - 1&.
; JBL Onward and Upward! cnes

@ T/P data reprocessing effort ongoing, funded primarily through science team and PO DACC
» OSTST input will be critical o ensure a continuous validated data record is available for studies

® Scientists and NASA/CHES must continue joint efforts to demonstrate applications and
value of ocean science to the public

3 societal benefits will define NASA/CNES strategy for Iong-term ocean observing systems

g L

OSTST hiketing ne-s
\nice, haly Warch 16, 05

05TST hesting

mE-y
“enics, faly Warci 15, 2005
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TOPEX/POSEIDON MISSION COMPLETION SA

)

@

cnes

TOPEX/POSEIDON MISSION COMPLETION SA L\@\B .
2L,

TOPEX/POSEIDON: An enormous success

- “Topex/Poseidon will remain the 1st reference data set of a
continuous altimetric multi-mission time series allowing to monitor
the long term changes of the ocean dynamics”.

— “That data has been the subject of more than 2,100 research
publications to date”

— Today, more than 600 scientific teams use the data

AFr ican plary cooperation going on with Jason-1

and Jason-2

A lot of work still to be done by NASA, CNES and the scientific
teams

MAJOR EVENTS SINCE LAST OSTST
(St Petersburg, 4-6 Dec. 2004, Florida) 1/2

DORIS/TOPEX END OF LIFE
— Incident detected by TGS on 2004/11/01 at 09:08.25
— Last BM block received at 03:21:10 TAI, latitude - -64.126, longitude
134565
- %?gté—gébock HK received at 09:09:31 TAI, latitude : -56 421, longitude

CNES Precise orbit calculated from Laser data anly fram 2004/11/01
— After 12 years of good performances (DORIS First Turn-On 16

August 1992) providing a continuous precise orbit of 2-3
centimeters radial RMS, DORIS end-of-life declared

The DORIS Loss induced to abort the SWITCH ON SSALT

operations during T/P cycle 450 (from 02-Dec to 12-Dec 2004) to

perform additional cross comparisons between SSALT and

Poseidon2/Jason during the tandem phase.

LY &

OSTST meeting, Venice, March 16-18, 2006 5. CoutinFaye/ 4

OSTST meeting, Venice, March 16-18, 2006 §. CoutinFaye / 2

. . s
( TOPEX/POSEIDON MISSION COMPLETION SA LL[’\\ TOPEX/POSEIDON MISSION COMPLETION SA LL[ﬂ,\? .
cnes =LA =oAL,
MAJOR EVENTS SINCE LAST OSTST - Reprocessing of the data from the whole T/P mission (13 yrs):
. — Considering improvements of near-instrument algorithms (e.g.,
(St Peteerurg’ 4-6 Dec. 2004’ FlOl‘lda) 2/2 ground retracking of TOPEX waveforms, TMR wet correction), of
geophysical models and algorithms, and orbitography,
+ TOPEX/POSEIDON s perfi | Workshop in — Tomake T/P and Jason-1 seties homogeneous in order to

Pasadena, September- 28, 2006:
— Status of CNES instruments: DORIS end of life, and by the way
POSEIDON
— Decision to reprocess 21 cycles fram TOPEX and Jason-1 Tandem phase
using Jason-1 standards, in OSTST perspective
Major incident on TOPEX platform: 9-October 2005
A lot of work done by NASA teams and i ¥
the mission but unsuccessful
Joint NASA/ICNES press release to annouce the end of the mission
Start of T/P end-of-life operations on 18- January, 2006

rt to

PP

support multi-year science analysis to achieve climatic objectives
However, differences between Jason-1 and T/P data set remains
even with those improved fields included :
— Ongoing activity on retracking and SSB might be a key issue to
solve for those remaining bias (either on Jason-1 or on T/P)

Another major issue for the following years: set up a coherent
long-term archive of each elementary data to be able to reprocess
data in the future if needed, to take into account future

of our | ledge in the ocean processes.

impr

LY &

(S

cnes

OSTST meeting, Venice, March 16-18, 2006 5. CoutinFaye/3

TOPEX/POSEIDON MISSION COMPLETION SA L\\g\\w .

CONCLUSION

Need for an OSTST recommendation: to confirm the need for
whole T/P data reprocessing and archiving as a joint NASA/ICNES
effort

gy 1&

OSTST meeting, Venice, March 16-18, 2006 S. CoutinFaye /6
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6. Jason-1 and SALP status (S. Coutin, M. Fujishin)

@’ Jason-1 JPL Mission Operations: JPL @’ Jason-1 JPL Mission Operations JPL
s Current Status e s Summary SmmaT

O Joint operations continuing to proceed extremely well o . .
Q Mission operations needs to continue through (af least)

launch of OSTM/Jason-2 to satisfy long-term goal of
contiguous ocean topography data

Q Weekiy CNES-JPL joini felecon for normal safelliie uploads, and as required
Q Regular praficiency and training fests ongoing
O Instruments and ground operations systems at JPL are meeting, and routinely
exceeding, all mission objectives Q Data reprocessing will confinue fo be a high priority in the

QO Entering extended operations phase in December 2006 near-term

Q Missian funded through Oclober 2008, pending 2nd "Senior Revisw”’ process in 2007 = planning for major effort {o accur in first haif of FY'07 (Sepl. 06 -

Mar. 07)

O OSTST continue efforts to identify both necessity and

i requirements for future missions fo support and maintain
JASON-1 robust research programs on ocean circulation, climate
e variability, and sea-level monitoring

T

e R
A e
C e L R

e o
T

agT3T e OSTST Maeting - OFTST e OSTST Mesting k1503
¢ e € )
SALP/JASON-1 MISSION STATUS SA fﬂ, ) o ne SALP/JASON-1 MISSION STATUS SA fﬂ, )

=oAL cnes e

MAJOR EVENTS SINCE LAST OSTST

JASON-1 SCHEDULE (St Petersburg, 4-6 Dec. 2004, Florida)

& » Project Milestones:
— Exploitation Review 22- March 2005 in Toulouse Space Center: successful
— Joint Steering Group CNES/MASA, 29-September 2005, in JPL in conjunction with

TP Annual Workshop

By
P

- s N
& & &

LEQP
ORBT ACOUISTION

£
i

- Satellite major events :

®
1
16 JAN 2002 START OF [
CYCLEY -
A5 SES SMENT PHASE
ERIFICATION PHASE(EItended)“ e —

End-March 2002 0 — Loss of transmitter on PMB: 20-September 2005, NO mission for 182h: no more

to P

Mid-April 2003 : I [ redundancy
1o Users ‘
ROUTINE PHASE Mid-July 2003
OBSERVATIONAL PHASE GDRs to Users - Instruments :
Exended Obserational Phase | I—— - Nomajor event
h"i’q OSTST meeting, Venice, March 16-18, 2006 S. CoutinFaye/2 h"i‘q OSTST meeting, Venice, March 16-18, 2006 s. GoutinFaye /3
» o S o
( SALP/JASON-1 MISSION STATUS SA L\@\\I i SALP/JASON-1 MISSION STATUS SA L{?\\' b
cnes =2 =z
JASON-1 SYSTEM PERFORMANCES (1/2) JASON-1 SYSTEM PERFORMANCES (2/2)
- Data availability is 97,78% from the beginning of the mission {Cycle 1, - During the 2005 REVEX, the review board asked the project team
15 Jan 2002) to evaluate a change in the +/-1 km specification:
L N — «To pubiish as part of next OSTST meeting the results of the study about the
- OSDR, IGDR and IGDR latency: within the requirements except new geoid solution delivered to the users and to conclude i it is possible to
relax the opi it Ir ing the +/- 1 km around track band

during Safe Hold Mode periods
with aliocation. »
. - P - — Status: Change request not approved by the Project scientists. This action has
Data time-tagging: 1-2 ps better than requirements to be sancelled

- Altimeter Antenna pointing: typically around 0.05° but sometimes few

Project team proposition

attitude drifts due to STR out of the AOCS loop —  Expertise in progress to take info account efficiency Uncertainties of maneLvers
. i o — Guidance and maneuver ground software modifications tao heavy, too long, 1o risky
+ Ground track keeping: good performance since the beginning except —  Different operational workarounds are under study for immediate resolution

3 excursions outside the +/- 1 km window since St Petersburg {Jan. z005

due to difference of 255m on equater drift computed by JCCC, Nov. 2005 due to solar
activity without sighificant impact on the data precessing, Feb. 2006 due to bad efficiency
of braking maneuvery

For Jason-2:
— +/-1 km ground track requirement kept: See Jason-2 presentations (G.
Zaouche, Saturday):
— on-going studies to perform Jason-2 maneuvers not at cycle boundaries

':H;iq OSTST meeting, Venice, March 16-18, 2006 S. CoutinFaye/4 ':H;iq OSTST meeting, Venice, March 16-18, 2006 S, CoutinFaye /5
¢ e €
SALP/JASON-1 MISSION STATUS SALP)) SALP/JASON-1 MISSION STATUS SA Fﬁ ) ¢
CnQS e Sl CnQS e

CONCLUSION

B Jason-1 mission: current status is very good
Latom® Within the CNES Altimetry Service (SALP): Jason-1 considered to
Tuwan ¢ be highest priority for continued operations

e 4y

3 T
ol .
Moroccer i 201 BaE
A 1 :
Sumga

. B 1 oy e T— »  Mission extended through 2009: funding is Ok
L Reanion 1 Jndonesia & = Jason-1 reprocessing activities 1 be performed in close cooperation with
Wasrn 1 Cotiin JPL/ISDS: funding is OK
183 w { p(—_a - Need for an OSTSTr i to firm the need and the
e : schedule of whole Jason-1 data reprocessing

620 Aviso data user teams around the world in 58 countries on January 2006

gy 4 . . gy 4 . .
ng, OSTST meeting, Venice, March 16-18, 2006 s CoutinFaye/s Wiy, OSTST meeting, Venice, March 16-18, 2006 s. GoutinFaye /T
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7. Jason-1 Data Reprocessmg (N. Picot, S. Desai)

€

cnes

Towards a 2nd generation of GDR

products

SALP);

CHES

Orbit chain evolutions

+ Following past OSTST meetings recommendations :
— alarge set of evolutions were prepared and validated on mock-

ups

+ Evolutions concern :
— Improvement of orbit performances
— Altimeter Waveform processing and instrumental tables
— Radiometer Brightness Temperature processing
— Geophysical corrections (recalling that all GDR_a standards were

« Orbit geographically correlated errors were largely
illustrated

e

R
decided five years before), among other : _:
New SSB solution 8
+  MNew Tides models Sem Sem +5cm
o MNew MSS model Product Version"'a® Product Version'h"
« Handling $1/52 atmospheric tides [ ek versm e ek Yersio
+  MogZ2D new interface JGM3 Gravity Field EIGEN-CGO3C Gravity Field
DORIS tracking data for IGDRs. DORIS tracking data for IGDR.s,
DORIS+SLR tracking data for GORs DORIS+ELR+GPS tracking data for
GDRs
fmg, OSTST meeting, Venice, March 1618, 2006 Npicotrz A, OSTST meeting, Venice, March 1618, 2006 N. Picot/3
¢ Altimeter retracki luti >) € Giner altimeter related evolu VE
Imeter retracking evolutions SA er altimeter related evolutions SA /)
cnes g L LQ[: 3 cnes e LLP, 2
+ Main driver : star tracker availability Model Product Version™a" Product Version b~
— Large decrease in 2002/2003 -> risks of large off nadir angles. ‘Altimeter Instrument Corrections | Consistent with MLE3 retracking Consistent with MLE4 retracking
(0.5 degrees encountered in August 2005) algorithm. algorithm.
— GDR_a ground relrackmg algorlthms valid lidd up to. to 0.3 degrees Dry Troposphere Range From ECMWE atmospheric From ECMWF atmospheric
Correction pressures pressures and model for S1 and S2

T e, M

+15 em®

Produrt Version'a"

Product Version™h"

MLE3 + Lst order Brown model

WILE4 + 2nd order Brown model. : MLE4 simultaneously
Tetrieves the 4 paraeters that can be inverted from the altimeter
vervefiormus: epoch, SWH, Sigmall and mispointing angle. This
algorith & rore tobust for lage off-radir angles, (up ta 0.5, a3
encountered in fugust-Septerher 2005)

atmospheric tides.

Wet Troposphere Range
Correction from Model

From ECWWE model

From ECNWF model

Back up model for Ku-hand
ionospheric range correction.

Derived from DORIE measwements.

Deerived from DORIS measwements.

Sea State Bias Model

Empirical model derived from cycles
19-30 of wersion “a” data.

models™

Empirical model derived from
cycles 11-100 of MLE3 altimeter
data with version “h" geophysical

Altimeter Wind Speed Model

Detived from TOPEXPOSEIDON
data,

GDR data.

Derived from version “a” Jasone1

Rain Flag Derived from TOPEX/FOSEIDON | Derived from version “a” Jason 1
data. GDRs.
Ice Flag Clisnatology table Climatology table

gy 1&

Radiometer algorithms evolutions

cnes

OSTST meeting, Venice, March 16-18, 2006

N. Picot /4

SALE

s

LY &

OSTST meeting, Venice, March 16-18, 2006

Geophysical corrections : Mog2D

cnes

N. Picot /5

S‘LH LLP? P"

« Several evolutions were analysed and implemented :
— To correct for jumps observed in radiometer wet tropo correction
— To correct for side lobe effects

» 10 align code with C. Ruf algorithms speci
. R

fications

A

B

}ib. ”

tg“ b
iy

+ L

Eyele Auarager of A4t oty Bt (nmy

5 £ T

7
Product Version'a™

1o Repeat e

Product Version b

cycles 1-30,

Using calibration parameters derived from

Using calibration parameters derived from cycles 1-115
New side lobe comrection
Alorithme inline with C. Ruf specifications

+ MOG2D (LEGOS) ocean model interface added to ground

processing chain :

- to correct for the high frequency variability of the ocean and bring
a correction to the altimeter range

Product Version“a®™

Product Version“h*

Nons (se to default)

MogZD ncean model on GDRs, none(set io defiult) on
IGDRs. Ocean model forced by ECMWF atmosphetic
pressures after removing 51 and 52 atmospheric tides

LY &

(S

OSTST meeting, Yenice, March 16-18, 2006

Other geophysical corrections

N. Picot /6

SALP),

LY fq

“

OSTST meeting, Venice, March 16-18, 2006

Jascn-1 GDR_B validation

N. Picot/7

S

SALP),

_cnes evolutions _cnes and transfer in operations
Model Product Version™a” Product Version'h" . .
Pr— GeFC L Lo « To validate those evolutions :
“Along Track Mean Sea Surfare Nom (55t 1o dofault) ‘Mo (set to default) — Orbit of cycles_ 120 to 129 were generated by CNES POD team
Geold EGMOE EGMIE and analysed in term of SSH performances
¥ DTMZ000.1 DTM2000.1 - Cycles 128 and 132 were processed on dedicated configuration

Inverse Barometer Correction Computed from ECMWE heric | Computed from ECMWF et and widely validated

pressures pressures afmrmmmgSl and §2 — Few anomalies were encountered and implemented.

+ Following iterations with Project Scientists, it was decided :
Tide Solution 1 GOT9Y GOTO0.2 + §1 ocean tide . §1 load ) o )
tide ignored. — To set up this new chain in operation late October
Tide Solution 2 FES99 FES2004 + 51 and M4 ocean tides. 51 — And to reprocess some cycles to support Venice Meeting
and M4 load tides ignored.

Equilibrium long-period ocean tide. | From Cartwright and Taylor tidal From Cartwright and Taylor tidal

potential potential
Non-equilihrium long-period ocean None (set to default) Mm, Mf, Mtm, and Msgm from
tide. FES2004.
Solid Farth Tide From Cartwright and Taylor tidal From Cartwright and Taylor tidal

potential potential
Pole Tide Equilibriurn model Equilibrium model

Wind Speed from Model

ECMWE model

ECMWEF model

gy 1&

OSTST meeting, Venice, March 16-18, 2006

N. Picot/8

LY &
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Jason-1 altimeter version “B” products SA L{i\\

@

cnes

Jason-1 GDR_B early feedbacks ~ SA L@\?;T

+ Start of the routine production and distribution phase to the user
community in October, 2005 (CMA v7.1 and OM v3.2 were set in
operations):

— IGDR production start on data dated October 24th 2005 (ie
first day of cycle 140)

- And GDR processing performed on cycle 136 but an anomaly
onJ pr ing was di d and a patch was installed
on December, 02

— GDR Production resumed on December, 03rd

« Shared processing effort (including validation by both CNES
and NASA/JPL groups) :

— Reprocessing of GDR cycles 1to 21 at NASA/JSDS
— Reprocessing of GDR cycles 128 to 135 at CNES/SSALTO
— Routine GDR at CNES/SSALTO
+ Early February 2006 :
— Cycles 1-21 and Cycles 128-146 available to users

+ Validation performed on CNES and NASA/JPL seems to
indicate that all evolutions implemented have a great (and
good !!) impact on product quality. But :

— Some minor anomalies encountered :
+ Remaining datation bias impacts on hemispheric signals and SSB
+ JMR to be recalibrated to correct for possible drifts and to correct
for anomalies after cycle 136 safe hold
«  Dry Tropospheric and Inverse Barometer carrections derived from
Meteorological files in coastal areas still impacted by oscillation
effects (wrong management of the bathymetrytopography altitude)
- as part of Topex reprocessing exercise, a tool was developed to
generate all geophysical corrections. An in depth comparison with
operational Jason-1 products demonstrated that we have some
differences (mm level) that needs to be investigated

« Still to be implemented :

— Cross-track gradient correction

— SGDR products evolutions

— GIM ionospheric correction inside level2 products

— Product naming convention (remove “.NASA” or “.CNES")

E:..!q
¢ TP reprocessing S\
_Cnes. What we do have to look at AL,

OSTST meeting, Yenice, March 16-18, 2006 N. Picot /10

LY fq

OSTST meeting, Venice, March 16-18, 2006 N. Picot /11

Conclusion SA L@\s :

+ Topex and Poseidon needs to be reprocessed - a large set of
actions have to be conducted :

— Updates have to be analyzed and validated in close cooperation

— All geophysical corrections shall be inline with Jason-1 standards (recalling
that the same standards are used on ENVISAT)

— Retracking algorithms differences need to be understood and solved

— Sigma0 value has to be calibrated and wind tables updated (offset
between Jason and T/P - J=2.5 dB higher than T/P)

— TMR instrument has to be recalibrated and some algorithms have to be
updated (see next slides + latest evolutions on JMR : side lobes effects,
drift and yaw corrections, ...)

— POE reprocessing based on latest geoids standards is also a key point :

+ Since Daris switch off early Nowvermnber 2004, POE is computed using laser and
Kover points = there might be other solutions to look at (GPS orbit, orbit error
reduction on Jason-1 and/or ENVISAT data, ...}

— 88B has to be updated, 2 solutions (one for each Topex altimeters) have
to be fitted based on the latest geophysical corrections.

= Product definition needs to be revi d

« Jason-1 GDR_B is “state of the art”

- Current algorithms are a good baseline for Jason-2 development
(dedicated meeting planned on Friday)
Need to analyse again user expectations in term of product content : we
may add new interfaces for Jason-1, for example the Mean Dynamic
Topography computed by M.H RIO could be a good candidate = please
provide feedbacks on potential products evolutions

#4* resalution - Drifling buoy velocities 1893
2002 - Dynarnic heights 1993-2002
Altimetric data  TIP, ERS1,2 - MSS: CLE01
(Hernandez et al, 2002)
Genid: EIGEN_GRACED3S (GFZ,376)  sos

120w

E:u;q « Products Heydfhss E'éﬁjf% ki)

 hand te Flll enoe it mactallins

forms, . ooplagE b

By .
hfq OSTST meeting, Venice, March 16-18, 2006 N. Picot /13
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CNES OSTM/Jason-2 Mission status (J. Perbos)

¢

- JAS®N - JAS®N
cnes Main past events (3/3) cnes Main past events (2/3)
+ System Preliminary Design Review :  Held mid of December 2005 + F ing WSOA 1, CNES proposed to embark 3
. . o experiments to DORIS per (CARMEN and LPT for
+ Main Review Objectives radiation effects, T2L2 for DORIS clock bias characterization)
— Verify the system definition consistency with mission objectives and required - No impact on Core Mission accommodation (spacecraft architecture
performances :
— Assess the preliminary system budgets command control, power, ...)
— Analyze consistency of system schedule — No risk on satellite
ldentify and rank project risks — No operational constraint
. Mam Results : Review has been closed successfully — Experiments can be swilched off at any time.
- 10 recommendanons addressing 5 areas of concern: N R
Organization between 4 partners (exchange of personnel between NOAA and CN - ExPe”mems shall not |mpad the developmenl schedule
formally document support between NASA and NOAA, CHNES responsible for cuurumalmg
the integrated 4-party schedule, ...}
NRT product (canfirm need for percentage of data available at @ and 5 hours mark) - Satellite definition studies have started again with ALCATEL
Propulsion safety and launcher interface issues (give high priority to processing waiver i ¢
rela?eulu pmputlgmn system and confirm techmc(g\ feas%lepsu\u%n fgr reducm% - New satellite Phase B Kick-off held on May 12th 2005 based on the
environmental inads) payload definition with the 3 new experiments.
Schedule (detall and consolidate NOAA ground system schedule)
Miscellangous (objectives of next system review, system documentation, access to = . ~ ~
spacecraft simulator for NOAA) + Satellite Preliminary Design Review held on November 15
- System is now in Detailed Design Phase
m 05TM/Jason2 - OSTST Venice - March 18, 2006 JP-7 05TM/Jason2 - OSTST Venice - March 18, 2006 JP-6
¢
JAS@N JAS@N

cnés Main past events (1/3)

cnes

General Program constraints

+ Satellite definition until beginning of 2005:
— Core mission instruments similar to Jason-1
— WSOA experiment provided by NASA: demanding in terms of satellite
resources
- no formal decision about WSOA program
— launcher not yet selected

+ Satellite Definition Studies (Phase B) Kick Off in January 05

- NASA WSOQA official cancellation and launcher decision (Delta Il)
announced on Feb. 28th 2005

0OSTM/Jasen2 - OSTST Yenice - March 18, 2006 JP-5

cnes

Partnership Responsibilities

The following constraints are applied to the QSTM/Jason-2 project:

The use of the CNES/Alcatel generic PROTEUS platform as the satellite platform with
minimized adaptations.

The procurement of a set of instruments, inherited from previous missions (Jason-1,
CRYOSAT,...).

The use of a US launch vehicle compatible of the PROTEUS platform.

The use of the PROTEUS generic ground segment (Control Center and one Earth
Terminal) adapted to OSTMiJason2.

The use of the CNES multi mission center (SSALTO) already operating for Jason-1,
TiP, DorisiSPOT, DorisiEnvisat and Envisat altimeter data processing and
distribution, as CNES mission center with a minimum set of adaptations.

The re-use of the NASA/PL Jason-1 ground system (JTCCS) as a baseline for
developing the 0STM/Jason-2 Satellite Operation Control Center (SOCC) at NOAA

Launch date as early as possible in order to ensure data continuity and altimeter data
cross-calibration with Jason1

0S5TM/Jason2 - OSTST Venice - March 18, 2006 JP-4

¢
cnes

Program Background Jns@N

NASA responsibilities:

CNES responsibilities:
~ Project Management
- Launchvehicle

@/ _ Project Management
- Payload -

Satellite, Proteus bus

Payload
Adwan ced Mictowawe Radio meter (8MR) AT EES)
28 Pereiver (6PaP) DORIS tracking recsiver packages vith CARMENZ -
Laser Retroretector Artay (LRAY

~  JPL Payload integration and test

T2 LPT
—  Bround System & Operations
- Migsion Operation support for JPL
instruments

Satelite Contral Command Center (CCC)
OFL product processing and distribution
Al archiving

Ground nebwor

Satellite Operafions before handover

Mavigation, Guidanee, Expertise for all mission
— System Infegration & fost
—  Mission Operation support for GNES instruments
—  System Goordination for all mission phases
—  Userinterface
DA Stations (2)

@ : «  EUMETSAT responsibilities:
v <. Nnlpediesamng — Project Management
Y « Al product distribution ! g
© Allsrchiving —  Ground System & Operations
Ground netmorc Earth Terminal (1)
Satelite operatians aterhandover NRT product pracassing, aichiing and distibuton
- Userinterface Ground et

NOAA responsibilities:
~  Project Managerent
~  Ground System & Operations
Sl Dpsrations Control Certer
(g0ccy

2 EUMETSAT

0OSTM/Jasen2 - OSTST Yenice - March 18, 2006 JP-3

— Userinterface

; JAS®N
cnes Next milestones
- Satellite Critical Design Review : October 2006
- Payload instruments integration : December 2006

- Satellite Assembly, Integration and Test: From April 2007

+ Ground System Interface Review : December 2006
+ Ground System Integration and tests: From January 2007
+ Launch: June 2008

05TM/Jason2 - OSTST Venice - March 18, 2006 JP-8
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Continuity measurement of ocean surface topography beyund
TOPEX/Poseidon and Jason-1 for det ing ocean cir
climate change and sea level rise
Prowdes a bridge to an operati | mission to ble the

of multi decadal ocean topography measurements

Decision in July 2002 to conduct a 4 partner program OSTM/Jason2
with 2 new partners in addition to NASA/JPL and CNES : operational
agencies EUMETSAT and NOAA

Discussions about the Memorandum Of Understanding started in July
2002 and final agreement reached in June 2005 including
responsibility sharing, legal statements, partner contribution
{launcher, instruments, satellite, ground system, ...)

0STM/Jason2 MOU negotiated and ready to be signed

0OSTM/Jasen2 - OSTST Yenice - March 18, 2006 JP-2



8. Jason-2 Performances and Products (G. Zaouche)

-
L System driving requirements and performances (1) IAS®N d’ System Driving Requirements and performances (2) JAS@N

cnes cnes
- Mission success and data availability
— reliability: requirement = 0.8 + Data products latency
= Jason-1 performance = 0.858 — new performances requirements
— 95% of all pogs‘b\e ower-ocean data dunng any 12 months penod = 3EE"0OS5TM/Jason-2 Products” section in the current presentation
= Jason-1 perormance = 97.75% over 3.6 years - POD and altimeter processing constraints
— same regquirements as for Jason-1 — Pointing knowledge
- Pointing requIemnEnt | 0.05° (10) on each axis
— Nadir poirting of the radar beam = current performance estimation | 0.037° rall — 0.045° pitch — 0.05° yaw
— 0.20°(3 o}, end-to-end specification for the altimeter —  Aftitude stability {correspand to stability of DORIS phase center)
. Icuuuréent performance estimation : 0.14% (3g) with the star tracker in the Aftitude Control requirement | 0.02° over 10 seconds (1) ; performance estimation : < 0.003°
— Calibration mansuvers (pitch and roll mispointing of the satellits) to allow calibration . 005" over 450 seconds (Ta) ; performance estimation . < 0.076°
by the alimeter of of-pointing bias = In-orbit mass variation
— same requirements as for Jason-1 = goal: 02% ; performance estimation (0.07%) meets the goal
. Ground track — Knowledge of optical properties of the satellite surfaces
— The operational orbit and ground track shall be established and maintained (via * requirment . 10% (to a limit of 0.01) - tn be evaluated hased on available data sheets
satellite propulsive maneuvers) such that equatorial nodal crossings are contained — Center of mass location variation
with & +/~ 1 km longitude band with respect to the reference ground track at each = requiremnent : +5 rmm on each axis, goal s+ 1 mm oh 7 axis
node. = 1.8mman; Ommm onY ; 1.8 mm max on Z (met for SA angle < 33.4%)
— same requirements as for Jason-1 — same requirements as for Jason-1
0STM/Jasen-2 - OSTST meeting - Yenice - March 16-18, 2006 GZ-1 0STM/Jasen-2 - OSTST meeting - Venice - March 16-18, 2006 GZ-2
» »
cn(e‘s Instruments Requirements and Performances Jns@N cnea Tracking systems requirements and performances Jns@N
+ MNadir Altimeter - Poseidon-3 + DORIS
— altimeter noise . 1.7 cm (1 ¢) after ground retracking, with a goal at 1.5 cm — Derived orbit (radial component)
25 cm for the OGDR . 2.5 cm (1 @) for the IGOR and 1.5 cm for the GOR
= compliant {goal achieved on Jason-1} . 10 cin for the on-board real time otbit determination (Diode)
- bias corrected by the ground processing — new performances requirements for real time orbit
— electronics stability - 1 mm drift f year (goal) © taken into account in the design -+ See DORIS presentation
— Significant Wave Height : 10% of SWH (or 0.4 m) with a goal at 5%
= compliant {goal achieved on Jason-1) - Global Positioning System Payload - GPSP

— same requirements as for Jason-1
Seg Poseidon-3 presentation — goalfor the derived orbit (radial component) . 25cm
— same requirements as for Jason-1

+ Advanced Microwave Radiometer - AMR See GPSP presentation

— Provide measurements from which the wet troposphere path-length delay can
be determined to an accuracy of 1 2em {1 o) {goal= 10cm )
— Path delay drift monitored to 1 mmivear fgoal) : taken into account in the = Precise Orbit Determination :
design — Goal =1 cm, using a combined set of the tracking data
— same requirements as for Jason-1
See AMR presentation

08TM/Jason-2 - OSTST meeting - Venice - March 16-18, 2006 GZ-3 08TM/Jason-2 - OSTST meeting - Venice - March 16-18, 2006 GZ-4
; won € JAS@N
Algorithms accuracy cnee OSTM/Jason-2 Products
+ 0STM/Jason-2 marks a new step in terms of operational commitments

« The level 2 algorithms used (GDR_b) are heritage from Jason-1. Their — Mear Real Time Product :

accuracy has been assessed on T/P and Jason-1 data. = Operational Geophysical Data Record (OGDR)
+ The error budget requi correspond to the actual accuracy - Offiine Products

obtained with the Jason-1 algorithms = Interim Geophysical Data Record (IGDR) and Sensor/interim Geophysical Data Record (S-IGDR)

The goals dtoi R through new Geophysical Data Record (GDR) and SensordGeophysical Data Record (5-GDR)
. cor p impr

+ Documentation :

— Jason-2/OSTM Operational Service Specifications (OSS) document describes :
Caore altimeter products which are OGDR, IGDR/SIGDR and GDR/SGDR
Commitments of the Operational Agencies are described in terms of data latency and services
Those core products are the key inputs for higher level products implementation

— Other documents are planned,

To provide detailed specifications of 2l 0SS products:
—  SALP Products specification — volume 1: Jason-2 products
—  Series of Hanobooks for all 0SS procucts
To descring cther Jason2 products
— Example, CNES Jason-2 Products description for the norkcore mission
SSALTO/DUACS products, possible coastal Zone products, ..

algorithms definition and verification

— See"Jason-2 algorithms" presentation

0STM/Jason-2 - OSTST meeting - Venice - March 16-18, 2006 GZ-5 0STM/Jason-2 - OSTST meeting - Venice - March 16-18, 2006 GZ-7
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¢

. . ) IAS The Jason-2/OSTM product IAS
Jason-2 evolutions in Near Real Time product Jns@N . P JAS@N
_cnes o generatlon service o
* OSDR description : * OGDR description : + 0SS Nominal products (inherited from Jasen-1 and other altimetric missions) :

— NRT windAwave oriented product, — NRT geophysical product, data latency of 3 hours —
dedicated to metearological users ~  DORIS/DICDE anboard oriait: 10 cm ms for the i ] s Vo e )

— No ground retracking performed and radial camponent Comtent 150R+ GO + wavstorms
no environmental or geophysical —  Ground retracking is performed and all geophySicd level 2 | geophysicd level 2 tracker data genphysical level 2 tracker data
pararmeters computed environmental and geophysical corections product produt product

—  Non fully validated proguct which computed Ate. ground reteacking spplisd applied spplied spplied applied
contains 1 Hz data for both bands —  Non fully validated productwhich contains data for Ordit information source %En“;\rsh?falwagp 23 cmgrrglrriniy Zicmgrrg:mnay 15 om Precise ortit | 1.5 om Frecise orbit
(Kuand C} hoth hands (Ku and C) at arate of 1 Hz and 20 Hz. g

- Keys inputs H . Keys inputs . Structure segmert pass pass pass. pass

- Satelite telemetry ~ Gatelite telemetry Packaging seament il Gl e e

+  Production requirement : _ Awdiary data Grownd Procassing mode systematic systematic systematic systematic systematic

_  Forthe OSDR, 75% of the data taken + Production requirement . Data fatency avaiability ggx:zj;g: Hu1icgﬁeé:jardaysf1|015c:;'12d2rd2ysﬂ 40 days /95% 40 days / 95%
f’htﬁ” bgt:”adefava"ab‘e o :”E USEd”‘ _ Forthe OSDR, 75% of the ciata taken shall be Native and EUFRT Netive? Yetive ] Vel [y
\;\f;‘ym nhuuﬂrst mmthacq;\hsl ion ani rmade available o the users within 3 hours from Ground Processing HOKAand EUMETSAT CNES CHNES CHES CNES

o7 Ihe data within & hours acquisition and 95% of the data within 5 hours. contars
~ No dyﬂamica\ auxmaw data shall be considered as Ground Arciving centers Nﬁ:\;\;&:;;«jﬁ HORA and CHES NOAR and CHES NOAAand CHES HORA and CHES
& mancatory input for OGDR processing. If - -
possible, the coresponding OGDR fizld il be Dissemination centers | NOWAand EUNETSAT| NOWiand CHES | NOARand CNES | NORAand CNES |  NORAand CHES
cumpu_teu with the most recent data svailable Dissemination mode Syetematic Systematic Systematic Systematio matic
otherwise it will be set to default. Electrenic 4 Satellite Electrenic Electronic Elecironic - Meda Electreri- Meda
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Jason-2 products timeline W@N Jason-2 data products error budgets W@N
Aux dsta availabilty
delay Ll e, 0GDR IGDR GDR GOALS
riaught) 3 hours 1to 1.5 days 40 days
Altimeter noise 25cm 1.7cm 1.7cm 1.5cm
Anslysed 11015 * IGDR ® GDR lonosphere 1cm 0.5¢cm 0.5cm 0.5¢cm
Meoass  dme | ® S.GDR e SGDR Sea State bias 3.5 cm 2cm 2cm 1cm
Drytroposphere 1em 0.7cm 0.7cm 0.7cm
Wet troposphere 1.2cm 1.2cm 1.2cm 1cm
Altimeter range RSS <5cm Jcm Jcm 2.25cm
¥ heurs RMS Orbit (radial 10 em 25em 15¢em 1em
component)
Predicted 3 hours: ® 0GDR
Meteo data Total RSS sea 11.2cm 39cm 34cm 25¢cm
o Time surface height
h Tl Sdae  Gdweske 4 Zweds e wave height | 10% or0.5m 10% or 0.4 m 10% or 0.4 m 5% 0r0.25m
| 1 | Valdation step Wind speed 1.6 m/s 1.5 mis 1.5 mis 1.5 mis
DORIS Nav Prelim. orb, Precise. otb.
o ° o Orbit
0STM/Jasen-2 - OSTST meeting - Venice - March 16-18, 2006 GZ-10 0STM/Jasen-2 - OSTST meeting - Venice - March 16-18, 2006 GZ-11
. ) ) JAS@N Non core mission : CNES DUACS and level3  jas@N
_cnes_ Algorithms evolutions and planned services " cnes products :
- 0STM/Jason-2 algorithms evolutions + SSALTO/Duacs system (SSALTO near real time multiimission
— see"Jason-2 algorithms” presentation altimeter data processing system)
— routine production, anly 2 production delays in 2005, merging of all data
set from 4 altimeter missions
Offline R B . — 2005 main evalution : Regional products capabilities
) ine Reprocessing service: — 2006 foreseen main evolution : Daily products capabilities
— Noreprocessing requirement for the OGDR and IGDRs products SSALTO/BUACS - NRT MSLA - Morged P
— Data from the verification phase of the Jason-2/OSTM mission shall be ) " Moy T
reprocessed into GORs after completion of the werification phase
— CNES Ground Segment shall be able to reprocess GOR and SGDR products
at least once after the first three years of the mission
- User support service : « CLASSICAL » HELPDESK FUNCTION
— pravided by NOAA and EUMETSAT for the MNRT products
— provided by NOAA and CNES for the OFL products
08TM/Jason-2 - OSTST meeting - Venhice - March 16-18, 2006 GZ-12 GZ-13
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cn‘es OSTM/Jason-2 Ground System (J2GS) changes

SN ¢

JAS®N
_cnes Jason-2 Ground System LS
FAIRBANKS
+ Global approach : the same as JASON-1 ““"’“’Fﬁﬁ .
« News partners in the project : NOAA, EUMETSAT
— Usingen, Wallops and Fairbanks Stations

— NOAA control center SOCC

New operations sharing (Operational and Science products)

NOAA SOCC )
R g
— NOAA (instead of JPL) to assume the operational satellite phase
— NRT products generated and distributed by EUMETSAT and NOAA

NOAL processing
Center

JASON-1 experience

— NRT products processaor duplicated at EUMETSAT and NOAA

CNES Missim Centre

SSALTO (Tailese)
=g
0STM/Jasen-2 - OSTST meeting - Venice - March 16-18, 2006 GZ-14 0STM/Jasen-2 - OSTST meeting - Venice - March 16-18, 2006 GZ-15
¢
OSTM/Jason-2 Mission Phases JAS@,N.
cnes =
. . Resp : CNES withsupport
L satellite and. modes  of EUMETSAT, NASA, NOAA
iniths
In-Flight A Meeting ~ Resp : CNES withsupport
- of ELMETSAT, NASA, NOAL
Orhit A OrbitAcquisition key point
Stary of eycle 1
Verification Phase Lin J0 months —
: I Smonths  $Flrst Verificadion Workshop
NRT Verif Phase, | — % Near RT produtts delivery by NOAA
Resp : CNES , NASA with support of PIs and EOM
OFL Verif Phase | | ; - —— ;
Resp : CNES , NASA with support of Fls Final Verificatipn warkshap %  Start af DFLlpdls delivery +
Lt reprocessing

Resp : EUMETSAT, NOAA (generation and distrihution)

Resp : CI ey NOAR

CNES for Sysiem coordination

2months®

ot Op Hendover Review

Iy

Resp :CNES (Sai Operations)

Resp : NOAA (Sat Operations)
0STM/Jasen-2 - OSTST meeting - Venice - March 16-18, 2006

GZ-16
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NASA OSTM/Jason-2 Mission status (P. Vaze)

Mission Summary 2 FUMETSAT

@“szsﬁ,ﬂ

Mission and Partnership
Overview

2 EmETSAT |

@“szsﬁ,ﬂ

Science Measurements

Global $ea surface height to an accuracy of <
4 cm every 10 days, for determining ocean
circulation, climate change and sea level rise

Mission Ohjectives

+ Provide continuity of ocean topography
measurements beyond TOPEX/Poseidoh and
Jasen-1

+ Continue partnership with CNES, as en Jason-

1, with the addition of NOAA and EUMETSAT

as operational parners

Provide a bridge to an operational mission to

enable the continuatien of multi-decadal

©ocean topography measurements

Mission Overview Instruments

+A Microwave
+ GPS Payload (GPSP)
*Laser Retroreflector Array (LRA)

* Launch Date: 15 June 2008 (AMR)
* Launch Vehicle: Delta Il 7320

* Proteus Spacecraft Bus provided by CNES

GPSP Antenra

NASA Elements
NOAA Elements
EUMETSAT Elements
CMES Elements

_—

AMR Reflector

amnr
Ekctrorics

%,

EOMET SAT — Usingen, Germany

Foseidon
Akimeter

NOAS - Wallopst
Fairbanks - US4
Cperational product

Dedicated Delta Il processing & Distrisution

Launch Vehicle LRA
MOA SIC Operations

(Suitland, MDY EUMETSAT
b= s K
f/ - *
i
I
[ bremmn o ];gug;::g;:m]

* Mission life of 3 years {goal of 5 years) *Poseidon-3 Altimeter NASA/IPL
+ 1335 Km Orbit, 66° Inclination +Precise Orbit Determination Sys (DORIS) g:gﬂ Instrument
oSt OSTST Meeting 16 - 18 March 2006 marc oz 0sTH OSTST Meeting 16 - 18 March 2006 warct oed

Advanced Microwave

@ Ccnes Radiometer (AMR)

@/ (‘CQQEW‘ Project Summary 2 EUMETSAT @

* The AMR provides path delay correction for the altimeter using
three passive bands at 23.8, 18.7, and 34.0 GHz

» AMR electronics was developed under [IP program

» AMR Electronics
O Flight Model (FM) Build Completed l
O Full unit level performance testing completed - —=
O Full unit level envircnmental testing completed TOPEY
O Radiometric performance has been validated and meets Significant improvement in mass,

requirements power, volume of electronics by

O Delivered to payioad 18T for further instrument level testing. improving 1P design

> AMR Reflector
— Design and build is complete
— Test program will start in April 2008
— Fullinstrument 1&T expected to complete in Sep 2006

Jason-1

OSTM

Integrated Electronics and Reflector

Electronics Assembly Radiometric Calibration Target

=)

S d all mission and instrument level reviews

for full impl tation — Feb *05

= NASA-HQ (MCR) confirmed the

= NASA provided Authority to proceed with the Delta Il L\ procurement on
15 March ‘06

=Build and test of all NASA instr t:

is nearly

=Current measured NASA payload perf

tslexceeds all requirements
=No significant technical implementation issues or risks.

=NASA Payload develoy
schedule

t is nearing I and meets delivery

=The QSTM project is ready to proceed with full project implementation

OSTM 0OSTST Meeting 16 — 18 March 2006

Laser Retroreflector Assembly
\J
@ Ccnes ™ (LRA)

PY -4 osTm
March, 2006

pv -8

QSTST Meeting 16 — 18 March 2008 March, 2006

@écnes Launch Vehicle 2 EUMETSAT @

»The LRA is a totally passive reflector designed to reflect laser _
pulses back to their point of arigin on Earth. It is used for the
calibration of the POD system on the spacecraft

& Consists of several quanz corner cubes arrayed as a
truncated cone with one in the center and the others
distributed azimuthally around the cone

& The LRA is an exact copy of the Jason LRA and has already
been fabricated and delivered to JPL. The spare unitis the
Jasan spare

« Boeing Delta Il manifested as the baseline launch vehicle
« Single payload launch canfirmed in Feb 05
o 7320 Vehicle specified
+ 3 Strap-on boosters
« Single payload
o 2 Stage
Single payload configuration will require a system that
reduces vibration loads to the spacecraft
o Softride isalation system selected for
implementation
Payload integration at and launch from VAFB

(Vandenberg Air Force Base), CA
« Launch service awarded on NLS (NASA Launch
Services) cantract
+ Payload Processing Facility (FPF) wil be a
commercial procurement
« Implementation timetable based upon ATP (Authority To
Proceed) at L-27 manths (Mar 06)
+ MNASA Flight Planning Board has identified a launch date
of 15 Jun 08
0STH OSTST Meeting 16 — 18 March 2006 March'?gn'n‘; 0STH OSTST Meeting 16 — 18 March 2006 March'?gn'n;

@lécﬂﬁﬁm Global Positioning System ..

Payload (GPSP)

+ High performance GPS receiver designed to provide precise arbit
determination as a validation to the primary DORIS system and to
enhance the accuracy during nominal cperations

+ Two fully redundant receivers will be carried an OSTM
« HW design is exact copy of the Jason-1 GPS receiver 0o
— Build of the flight units is complete
— Currently undergoing environmental testing
— Expect delivery of first unit to JPL in April ‘06

GPSP Flectronics Unit (1 of 2

Choke-Ring Antenna (1 0f 2

o]
« Utilize best available Flight Software from Jason-1 &
— Fully tested instrument expected in Aug '06 %

0STM QSTST Meeting 16 - 18 March 2006 MarchPZU;lﬁ
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(& EUMETSAT

9. EUMETSAT OSTM/Jason-2 Mission status (F. Parisot)

Main elements of Eumetsat
programme for Jason-2

WON 2 £umETSAT

Operational role of Eumetsat W@N

As detailed in the CNES-EUMETSAT Cooperation agreement

A ial contribution by to CNES.

This, along with the CNES, NASA and NOAA funds will ensure the supply of the satellite,

launcher and all ground segment and operations not specifically provided by Eumetsat
The absolute maximurm contribution of Eumetsat to the prograrm inciuding int2rmal cost is
30OME

Acquisition, installation, operations and ofa Earth
Termminal to receive data from the satellite and uplink the commands to the
satellite. The selected site is Usingen.

and

]

Retrieval, pr of Near Real Time products

Communication hub for the ground system
Contribution to the

t of the Cooperation with CNES, and the

Receive via the Eumetsat Earth Terminal all data scheduled for reception in
Europe

Transmit all received raw data to control center and mission center for
analysis, archiving and offline processing

Process raw data to produce Near Real Time products

Receive NRT products generated by NOAA from their reception sites and
send to NOAA NRT products generated by Eumetsat

Distribute NRT products to users and archive them

Maintain a rolling archive of all data received at Usingen to ensure data are
safely archived at the long term archives at CNES and NOAA

Provide a user interface for enquiries on data formats, quality, availability etc
Contribute to activities related to scientific Announcements of Opportunity

Engage in other activities as agreed, to optimise the data service provided to
Eumetsat Member states and other users.

ers
0STM/Jason2 - OSTST-Meeting - Venice, March 16-18, 2006 FP-2 0STM/Jason2 - OSTST-Meeting - Venice, March 16-18, 2006 FP-3
A ; JIAS®N ; JAS@N
(= EUMETSAT Project Management - (& EUMETSAT Ground System Overview ;
+ EUM management plan and PA, CM applicable + Design drivers
documentation tailored to Project plan and PA, CM system
rules. — Satisfy 0STM/Jason? Systemn Requirements
- Use of in house practices in place in the OPS Department
for MTP, MSG and soon EPS, check of — Capitalise on EUM existent infrastructure
i i y with syst qui «  Dissemination (EUMETCast, GTS and Internet)
- EUM Ground System element documentation. Archive (UMARF)
Project management plan Caommunications and security infrastructure
EUMETSAT OSTMAason-2 Ground System Design Document Available Storage infrastruciure
Risk register User Services (helpdesk, internet services)
Earth Terminal Infrastructure documentation
— Reuse of EUM operational software components
System manitoring and control
Internal ICD Service monitaring and reporting
EUMETSAT OSTM/Uason-2 GSE integration and test plan Generic file transfer software
Operational procedure and interfaces agreements
0STM/Jason2 - OSTST-Meeting - Venice, March 16-18, 2006 FP-4 0STM/Jason2 - OSTST-Meeting - Venice, March 16-18, 2006 FP-5

(& EUMETSAT

Ground System Architecture

EUMETSAT Jason2 Earth Terminal

— Fully dedicated to the Jason-2 mission
— Infrastructure provided by EUMETSAT L
— Elements provided by CHNES s

— Direct TCP/IP connectivity to NOAAICNES control centres
— FTP connectivity to the EUM Central System

— Maintenance and support via contract to T-Systems/Elta
Support contract integration with existent EUM contract to be investigated
EUM responsible for 12 line maintenance (failures, software Lploads)

— Acceptance test of the earth terminal performed beginning of March including
tracking of Jason-1

OSTM/Jason2 - OSTST-Meeting - Venice, March 16-18, 2006 FP-8&
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Jason-2
Mission
Processing
System

Faifiss locaiad
EUMETSATHO

| § End-Users

OSTM/Jason2 - OSTST-Meeting - Venice, March 16-18, 2006 FP-7



10.

F (h
= EUMETSAT aes

& & JPL
NOAA’s Role in OSTM

+ Command and Control Jason-2

+ Monitor Jason-2 Satellite

+ Provide NOAA Data Communications Network
* Collect & Archive Telemetry

* Produce and Distribute NRT Products

+ Archive & Distribute Offline Data Products

(2 EUMETSAT b

& & L
NOAA Jason-2 Ground Segment

NOAA Earth
Terminals
(Fairbanks/
Wallops)

+—————— Command &
Control (SOCC)

——»

Offlire Products AR Ali-l-w

Ancillary data
.,
Data Archive +—— Ezzif; g
(CLASS) froses
NOAA 4
: - b
3 @/ JPL 2 EMETSAT K3
= 4 _ _ —

* The ESPC combines two existing NOAA operations:
Central Environmental Satellite Computer System
(CEMSCS) and Satellite Environmental Processing
Systems (SATEPS).

« CEMSCS and SATEPS ingest environmental data from
NOAA's polar and geostationary spacecraft and produce
environmental products and imagery.

« ESPC will be responsible for Near Real-Time processing
and distribution of the Jason-2/OSTM OGDRs, and will
provide Help Desk support for the NRT data. i

@ NOAA Sat

Data Access

= Catalog search

- Browse imagery/data visualization

+ Immediate access to derived product data
+ On-line ordering and delivery

+ Subscription services

+ Bulk data distribution

hitp:/Avww.class.noaa.gov

NOAA OSTM/Jason-2 Mission status (J. Lillibridge)

2 EUMETSAT ®

s @& =~
System Overview

g e

E T Jason 3
EUMETZAT

-

NAZAUPL CNES 3

Concept of Operations

2 EUMETSAT b

* Leverage NASA/CNES Jason-1 experience AND current NOAA capabilities
* Upgrade existing NOA A facilities for operations and NRT processing
— Jason-1 JTCCS (JPL) will be integrated as a stand-alone system at the SOCC
— Manned earth terminals at Wallops and Fairbanks will support JTason-2 contacts
— CNES-provided NRT product generation system will be incorporated into
NOAA’s satellite data processing facility (ESPC)
— Wallops will provide a backup capability for SOCC and ESPC

* Earth terminal at Usingen will be remotely conirolled from the SOCC

3 @ JPL 2 EUMETSAT b
NOAA OSTM Near Real-Time System
HelpDesk
€
S
g g I NRT
PLTM From £ Products
socc ——" g g Distribution
@
TNT/NRT
Data —
Processor
Ancillary files, W B NRT Products
Ephemeris files ———— > g To CLASS
From = >
CNES/SOCC B
D Added at NOAA Log files and
——— Reports To
[ Frovided by ChES CNES
;
‘W". @’ J=L 2 EUMETSAT b

NOAA CLASS: OSTM Data Archive & Access

aoo NOAA's Comprehensive Large Array-data Stewardship Systen

CLASS

vl Hicl | Login | Regist

Pk iect g produilo g L LR €
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L/5-Band
XMITIRCY FEED

&

JPL

Jason-1 testing

(2 EUMETSAT

NOAA conducted a ground segment test
June, 2004 using Wallops Earth terminal

Tracked Jason-1 satellite
— Receive its housekeeping telemetry

— Process the telemetry

Test was completely successful

Programmakle|

VCOUs

Telemetry
Processar

serid
transfer]

ANT Control [+—»

&

&

EPOCH grtenre
Workstation [« ==k
JB=u

(TCRIIF transfer )|

(2 EUMETSAT

Jason
Telemetry
Command &
Control System
(Wallops only)

NOAA Jason-2/OSTM Contract

NOAA announced Request for Information for
Polar Ground Segment upgrade
— Industry workshop held April, 2005

— 13 vendors responded with presentations
— Solicitation announced September, 2005

— Request for proposal package released February, 2006
— Expect contract award late April / May, 2006

J=L

2 b
2 EUMETSAT 2

NRT Quality Assessment System - Desai & Haines

eight Amcenaly
Mo

Sea Surface Height Anomaly

Mean ()

&

NOAA Ground Segment Project Schedule

J=L

b
anes

2 EUMETSAT

E 2007 308
B N 0 e e A T e TR I 2 L
= WPGS egment Project
T Project Management v
| Systems Enginering ——
N Project Documentation [ — —
Bl Ground System Coniraior Acquisition —

Ground System Contract Implementation
Design and Development
Ground Systems Dasign Review (SOR)

Ground System Critical Design Review (COR]

H, SN procursment
JTCCS Moditcations p—
J2SEQ Deveiopment H
SOMS Dévaiopmnt vy
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11. T2L2 Jason-2Passenger (E. Samain)

Space Segment
Ground Segment

Principle

® Time Tagging of laser pulses emitted
from a laser station in the satellite
direction
» Start Time at ground Station t; (ground clock)
» Arrival time at satellite t, (space clock)
» Return Time at ground station t, (ground clock)
® Time Transfer between Ground clock
and space clock
» Triplet Construction for each laser pulse( ty, t;, t,) i‘ﬁ&
+ Computation of the time offset :
e, |
xX= 5 =1y * Tretarivity + T ammosphere

detector
Retro- .

reflectors clock

Space Segment

Ground Segment: Laser Station

Scientific Objectives
Time transfer Inter comparison

Scientific Objectives
Time and Frequency metrology

® Optical Laser Link validation
[} TWOWay and GPS calibration

Common view: amelioration : 2 order of magnitude ©0(r) = (2810 %) 4 (17105 Xz 7, = 01s
» Possibility to work on very wide bases: synchronization via intermediate b

ground stations oo(t) = 0.4 101" for 7 > 10000 s
» Possihility to perform a direct GPS time transfer from the GP5 satellites » Uncertainty < 100 ps

to ground via T212: direct time tagging of the GPS PPS by the T2L2 o

space event timer-> GP5 time transfer without atmosphere perturbation ® Ground clock Synchronization

» Compatible with the best clocks available in world

® Validation & inter comparison of the ACES ) .
MicroWaveLink ® Time scale participation
» BIPM/CCD recommandation

Scientific Objectives
Fundamental Physics

Scientific Objectives
DORIS

o DORIS Oscillator characterization

® Speed of light Anisotropy . Radiation and frequency drift correlation with C ARMEN-2 & LPT

» Equivalent to the actual measurement: 2,7.10-% (Oscillator limitation)

® Drift of the fine structure constant o ) ,\ J\ \ ﬁ' 1
: 7 n:'\‘l\f“‘ ‘\“i J\-‘W.\‘\ W ‘#i ] M. Lemoine

» Frequency comparison at the 5 107 level over 10 days

» Measurement limited by the actual ground clocks performances

] 53 o
daya since beghnsing of eycle

® Demonstrator of an interplanetary one way laser o Improvement of the DORIS localization in the South

ranging based on clocks: TIPO Atlantic Anomaly
®

Scientific Objectives
DORIS

Development plan

¢ Laser ranging improvement B Phase: 09/2005 == 02/2006

L ]
® CD phases: 03/2006 == end 12/06
» Direct evaluation of the LRA signature by comparison hetween one ® Jason-2 ]'.ntegration : 01/2007
way laser ranging and classical laser ranging N
® Exploitation: 06/2008 == 06/2010

» One way laser ranging: Arrival time onboard Jason-2 can be used
to reconstruct echoes

® T2L2 working group constitution: 2006
® T2L2 Ground instrumentation: 0172007
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(= EUMETSAT

12.

Altimetric measurements : OCEAN TOPOGRAPHY, SEA LEVEL, OCEAN
CIRCULATION : <6 ¢m accuracy class

PN

(& EUMETSAT

Jason-3 Perspectives (F. Parisot)

) . JAS®N
Open points : Mission

oros oo 10[11]12]13]1a[15]16 [17 18] 10]
—1 1 T T
.- Jason-3
High i \_’_ﬂ'_/_,>-
Ppst-EPS-1
AltiKa/Oceansat 3 7=
| [|] [ NPOESS
I I I T

[ sentineia

B
NN

I ©n geing mission ] EUM managed mission pending approval
[1 Approved mission [ GMES mission pending approval
[1 Pending Jason follow-on [] 1PO managed mission pending approval

+ Orbit choice
» 5o called reference orbit (T/P, Jasen-1..)
- Added costimpact due to life time frnitation (radiation ) and launch cost (single launch)
- Optimized for altimetry regarding POD, Tides, data continuity
Sun synchronous polar orbit (ERS, Envisat...)
— 900 Km, palar, sun synchronous, 30 days cycle (among others)
—  Not optimised for altimetry butless costly

Altemative orbit(s), never used until now

—  "Type 800 Km", Inclination open, Non sun synchrounous, eycle TBD

—  Aftractive for cost and altimetry except that it was never used before so a full new data set wil be initiated
From today discussions with users, it seems that the reference orbit is still needed for
Jason-3, at least up until a good cross calibration with another ground track could be made
butwe would need a very strong justification of any orbit cheice and clearly show that we
have explored the various options

- Payload, Satellite bus, Launcher

Dual frequency altimeter, Three frequency radiemeter, Doris, GPS, Laser
WSOA 7

—  Mon sun synchronous orbils not optimised for WSOA if yaw steering has to be maintained
Satellite bus

- PROTEUS ornext family, other European bus, possibly able to accommodate W30 A without yaw ?

—  Openfor cooperation

/A
( o=

EUMETSAT

0STM/Jason2 - OSTST-Meeting - Venice, March 16-18, 2006 FP-2

JAS@N
Open points : Mission

Launcher , one of the cost driver

0STM/Jason2 - OSTST-Meeting - Venice, March 16-18, 2006 FP-3

Open points | Programmatic Ins@N

+ Ground segment
Control Ground segment
—  EUM, NOAA
Earth terminal network
— open, very much dependant upon the NRT data latency
Missieh ground segment
—  Near realtime product and services: EUM, NOAA

—  Offline : Open, but based on today existing processing and dissemnination facilty for sea surface:
topography (2.0. CNESICLS SSALTO DUACS)

+ Products
Near Real Time products
—  Operational Geophysical Data Record (OGDR)
Wind, Uave and Sea Suriace Height
Today"pase” product, trend b release aidded produst that are perm anenty updated by new pass data
—  Interim Geophysical Data Record (IGDR), 24 to 48 hours data latency
Today not part of the HRT set, full akimetry product
Offline product
—  Geophysical Data Recond

(2 EUMETSAT

+ US/Europe partnership y
— Built on T/P, Jason and EPS all recognised as very effective cooperation
— EUM and NOAA can be leading agencies but mission, system, instrument
expertise from the other agencies {CNES, NASA) is needed
= E.g. EUM will not directty manage instrument developrment contracts
— Maximum use shall be made of the existing assets
+ In Europe, articulation of Jason-3 with respect to GMES program shall
be defined
EC-GMES funds would be needed for Jason-3
— Maximum synergy between Sentinel 3 and Jason-3 should be looked at.
= Ground system, data processing
= Coordination of equipment procurement
- Open programmatic questions :
- US/EUROPE sharing of responsibilities
—  CMNES/NASA involvement in Jason-3, possible contribution
— Articulation/complementarity wrt Sentinel 3 and NPOESS

dad

OSTM/Jason2 - OSTST-Meeting - Venice, March 16-18, 2006 FP-4

OSTM/Jason2 - OSTST-Meeting - Venice, March 16-18, 2006 FP-5
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AltiKa Mission (P. Sengenes)

&

AltiKa program genesis

¢ ap

AltiKa mission applications

cnes o cnes =
Need expressed by altimetry community and organizations (IGOS, GODAE,..) :
« Continufly of high accuracy, high rasolufion near-real fime observalions of the ocean Sea
surface fopography s raquired. Af least, 2 simulfaneous allimetry missions ars required Geodesy
(including one of the Jason reference class) » State
Conseguence . need to prepare a post-ENVISAT mission that would fly at the same time
as JASONZ Inland
Additional migsion demanstration goals Ice
+ performance improvement : higher vertical resolution aftimetry, higher spatial resolution for
coastal & inland waters altimetry
+ preparation to operational afimetry: feasinility of low cost attimetry system demonstration Meso-Scale
« contingntal ice sheets monitoring, mMean sea Ievel monitoring, 10w rain characterization Varlabll |ty
Pre-development studies have been engaged by CNES since 1998 Mean {Eentral/Dajzctiys)
breadboarding to prepare Ka-hand altimeter development: chirp generator, Ka-band SSPA Sea Level
Phase B definition study (Nov 2001-June 2003) of a Ka-band altimeter embedding a bi-
frequency radiometer
Accommodation studies of Ka-band altimetry payload {including POD equipment) on Inland
European microsat platforms Coastal
waters Altimetry
Ocean Surface Topography Science Team Meeting - Venice - 16-18 March - 2006 2 Ocean Surface Topography Science Team Meeting - Venice - 16-18 March - 2006 3
Jitg . dity .
¢ AltiKa payload e AltiKa mission orbit 8
08 iKa payloa T | cnes iKa mission orbi 4
Single frequency Ka-band altimeter with enhanced bandwidth AltiKa « ideal » orbit
reduced ionosphere effects polar orbit : oceans & Antarctica
Ka-band (35 75 GHz) authorizes a compact, lightweight instrument easier to « 6h-18h » sun-synchronous : power management, radiometer calibration
accommodate on a wide range of satellite buses ground-track repelitivity : > 15 days , < 35 days
500 Whz bandwidth : better vertical resolution == error budget improvement
JASON + AltiKa (35)
Ka-band limitation : altimeter not operational for rain rate = ~ 2mm/h it Bl WM)UU&“ X
+ rainrate > 2 mm/h <> between 5% to 10% of time according to geographic area it : ] A A il
Dual-frequency radiometer { 23.8 GHz +/-200 MHz & 37 GHz +/- 500 MHz ) X Al X
2 oini AT ;i ol TASON &
required for wet troposphere correction (5 ) W [ conshined
Embedded in altimeter, three-frequencies common antenna = s i . = soanpling with
o i ARV AliEaona
Laser Retro-reflector Array s LR RO AR e AT
POD system calibration and guarantees minimum arbitography }i }“Zs&% é é _)S‘ orbit e
DORIS s i e i
required for achieving high accuracy arbitography performances on low earth orbitin a altltude. range _700 km /900 k.m
precisely manitored reference frame (mean sea level analysis) + Altimeter altitude range design : 500 km /1000 km
required for coastalinland applications due to real-time coupling with altimeter - - i . ; :
contribution to DORIS system perfarmance and monitoring { for the benefit of all altimetry - AltiKa « effective » orbit in 2009 will depend on satellite selection :
missions using DORIS) passenger with an associated mission or on a dedicated platform
QOcean Surface Topography Science Team Meeting - Venice - 16-18 March - 2006 5 Ocean Surface Topography Science Team Meeting - Venice - 16-18 March - 2006 4
I#}!. J%?‘
¢ Expected performance on %& ¢ Expected results on sea surface 44&*
Lo “not oceanic” surface |0 P =

By coupling the altimeter with DORIS/DIODE navigator information

Maximum acquisition duration = 500 millisec |, instead of = 2 seconds in autonomous
acquisition mode

sincTles oo Ao b 030

i e

HON
%

e

[T e
| Lo = |

] il

sl )

3 [ . T T i T e B e TE

w

e ey

+ wavefoms are expected to give accurate refracking outputs as soon as the Signalto Noise ratio
exceeds 9 dB

Improwing data acquisition duration of 1 second allows to get closer to the coast of
about 7 km

optimised on-board DEM greatly improves the tracking behaviour in transitions
especially from land to water and over continental waters

Expected accuracy of the altimeter range measurement over sea surface

4 T
: b
- ——Ku  —A—Ka
52 i . |
14 :
A H
a T T +
o 2 swhgmt 6 8

Improvement of about 40 % on the range noise versus Ku-Band performance
+ About 1 cm for a SWH of 2 meters

Better estimate of the velocity fields (topography gradients) and better analysis of the
eddies structure along-track

» Thanks te reduced altimeter footprint and to reduced duration for echoes averaging

Ocean Surface Topography Science Team Meeting - Venice - 16-18 March - 2006 11
e ¢
nes AltiKa program status  {

- AltiKa program has been approved by CNES Governing Board
in December 2005
Funding for AltiKa development phase and for a 3-years exploitation
phase
Authorization to engage Altimeter & Radiometer phase C/D
High level priority , “gap-filer” requirement : AltiKa has to be launched in
2009
AltiKa program baseline
Development and exploitation of AltiKa mission in the frame of a
CNES/ISRO cooperation program
+ Current CNES and ISRO agreement , MOU in preparation
AltiKa & Argos payloads embarked on an Indian satellite, launch in 2009

[

Ocean Surface Topography Science Team Meeting - Venice - 16-18 March - 2008 12

Ocean Surface Topography Science Team Meeting - Venice - 16-18 March - 2006 10

29




SPLINTER REPORTS

30



Sea-State Bias and Retracking Analysis

(Co-chaired by P. Callahan and O. Zanife)
March 17, 2006

INTRODUCTION (P. Callahan)

The Sea-state bias & Retracking Splinter meeting was held on March 18, 2006. It was co-chaired by
P. Callahan and O.-Z. Zanifé.
Based on past OSTST meetings, the goals of this splinter were essentially to discuss:
* How to remove geographically correlated biases (e.g., SSB) between TOPEX and Jason to
better than 1 cm

» How to understand the source and value of TOPEX-Jason range bias to better than 1 cm

In addition to the various talks presented, JPL and CNES held discussions before the OSTST on the
comparison of their retracking efforts. A plan was developed for additional tests to be conducted in
the next few months (see section CNES / JPL Plan & Schedule AT END). Indeed, there is a
strong need to complete main work during 2006 because of budget considerations and length of
time for reprocessing (Jason ~ 200 cycles, TOPEX ~ 475 cycles).

Previous Discussion, Decisions

This was the situation after the OSTST meeting in Oct 2004 (St. Petersburg, FL).
* TOPEX and Jason have different SSB

* CNES committed to develop MLE4 retracking because of concern about degradation of star
tracker on board Jason-1 (with a skewness to be set to 0.1) (see presentation of P Thibaut)

» Different retrackings used/under study for different missions (MLE3, ML4, LSE, MAP, ...).
Plan for comparison on simulated data set and on TOPEX Jason tandem phase

= Note: Different convergence criteria (JPL and CNES retracking use different
convergence criteria: CNES — MQE change, JPL — parameter change.)

 TOPEX and Jason data retracked by JPL, but comparisons to CNES on going

» Concern about correlations among parameters in retracking — bias Vs noise (This was one
of the main issues, particularly for geophysical use of data.)

* JPL plan to begin TOPEX retracking by fall 2005

WhereWe Are

» CNES has updated processing, in particular using “MLE4” to account for attitude (also
include new orbits and updates for many geophysical fields. Next version will have fully
recalibrated JMR )

0 Used in processing since cycle 128 , Reprocessed cycles 1-21 for comparison with
TOPEX

» JPL has retracked 1 yr of TOPEX data (329-364), including 344-364 (361 is POSEIDON) for
comparison with Jason with 2 methods — Least Squares Estimator (LSE), Maximum a
Posteriori (MAP), and Jason cycles 1-21 (for internal comparison)

(Retracked GDRs (RGDRs) also include new GSFC orbits and CNES values for
many geophysical fields. Next version will have fully recalibrated TMR )
* Objective is to have TOPEX and JASON as coherent as possible (orbit — range) (That is,
the desire is to eliminate “(re)tracker bias” from the data so that Sea State Bias (SSB) is only
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the actual physical Electromagnetic Bias (EMB, which almost certainly depends on
frequency).)

» Analyses have been performed on both data sets and results will be shown in the splinter
(e.g., the CNES and JPL presentations)

= more TOPEX/JASON comparisons are needed

= more simulation comparisons are needed

SSB Splinter Talks

SSB Modelling
8:45-9:10 Doug VANDEMARK, Hui FENG, Bertrand CHAPRON, Ngan TRAN, Brian BECKLEY,
Use of fuzzy logic clustering analysis to address wave impacts on altimeter sea level
measurements: Part | data classification; Part |l results
9:10-9:30 Ngan TRAN, Douglas VANDEMARK, Bertrand CHAPRON , Sylvie LABROUE, Hui
FENG, Brian BECKLEY, New models for satellite altimeter sea state bias correction developed
using global wave model data
9:30 - 9:50 Christine GOMMENGINGER, Overview of EM Bias and Frequency Dependence
Retracking and related SSB
9:50 — 10:10 Juliette LAMBIN, Nicolas PICOT, Jean-Paul DUMONT, Pierre THIBAUT, Ouan-Zan
ZANIFE, Evolutions in the ground processing chain: motivation, status and impact
10:40 — 11:00 Ernesto RODRIGUEZ, Philip CALLAHAN, Kelley CASE, Theodore LUNGU,
Comparison of TOPEX and Jason Retracking using Least Squares and MAP _Estimation
11:00 — 11:20 Pierre THIBAUT, Sylvie LABROUE, Michael ABLAIN, Ouan Zan ZANIFE, Evaluation
of the Jason-1 ground retracking algorithm
11:20 — 11:40 Ouan-Zan ZANIFE, Pierre THIBAUT, Laiba AMAROUCHE, Bruno PICARD, Patrick
VINCENT, Assessment of the Jason-1 Look Up Tables Using Multiple Gaussian Retracking
11:40 — 12:00 Sylvie LABROUE, Philippe GASPAR, Joel DORANDEU, Ouan Zan ZANIFE, Latest
Results on Jason-1 Sea State Bias with the Non-Parametric Technique
12:00 — 12:30 Phil Callahan / Quan-Zan Zanife: Summary, Discussion, Recommendations

Highlights from the talks

VANDEMARK et AL.

Vandermark et al. presented a classification technique for sea-state conditions (e. g. swell-
dominated vs. sea-dominated), allowing to adapt different SSB modelling to the various cases. The
sea-state classes are defined based on parameters from Alt and Wave model.
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Figure 1 (From Vandermark et al.)

Figure 1 presents the SSB models corresponding to each of 6 classes (right panel) . Left panels
show: top — the global average used as reference; bottom — the areas of the different classes in
Wind/SWH space

Figure 2 shows the difference (in % Hs) of class-specific SSB models relative to the global average.
Classes 2, 4, 6 do not have easily applied names. Note that differences can be ~1% while total
effect is ~ 3% .
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From Vandermark et al
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Tran et AL.

Tran et al. presented a complementary approach to that of Vandemark, in which 12 potential
parameters derived from Altimeter measurements or wave models are used as the second

parameter of an (SWH;parameter) SSB model.

The table below show the different parameters tested. The combination (SWH;U_alt) performs the
best globally, however there exist some regions in which particular models do significantly better

than others (Figure 3).

Parameter Symbol Source Definition
ECMWF wind speed U_ECMWEF Pason-1
Altimeter wind speed from adapted MCW _
algorithm (Witter and Chelton, 1991) U_alt  Jason-1 U_alt =MCW (Ku s0)
Altimeter Wlnd_speed from adapted Gourrion et U_alt Gal [ason-1 U_alt_Gal=U (Ku sO, SWH)
al (2002) algorithm
Ku-band NRCS Ku 10 Jason-1
C-band NRCS Cc o Jason-1
SwWH ™
Pseudo wave age 4 Jason-1 324[U altzj
Swell height H_swell [Wave model
Mean wave period Tm Wave model [ Tm=m0/m1
W t S W del Sn _m2
ave steepness ave mode — =
g vm0
2’
RMS slope RMS slope |[Wave model [gj vmd
Jason-1, 2 m2
Inverse wave age Q —VU.,|—
wave model g mo

34




Regional Relative Variance Reduction Gain (Cont.)
{when using SSB (SWH) for comparison)

Ranking of 4 models

SSB (SWH, H_swell)
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Figure 3
From Tran et al.
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THIBAUT et AL.

Thibaut et al. presented some results from the CNES implementation of MLE4 retracking on Jason
data. As measured by the variance reduction in SLA, the MLE-4 retracking algorithm performs better
than MLE-3 everywhere the waveforms differ from the theoretical Hayne model (especially in the
trailing edge of the WF). Figure 4 shows a map of the mean pseudo mispointing angle retrieved by
the MLE4 algorithm.

It is important to recall this parameter is different from real mispointing angle, as changes in the
trailing-edge slope may be due to other causes. In particular, note the similarity with distribution of
rain, which is a major factor of waveform distortion. SLA variance reduction is indeed mostly found in
those areas (Figure 5).

ABS(square of the HIISPDII“]IIg angle)

I T T T
e o DG nand O ':r{':-;_ﬁ_aku : r.r.'ll: L adld aalh .01 0.02 deg2
hlean (deg™
Figure 4

From Thibaut et al.
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Variance Reduction (between Jason GDR ‘B’ and GDR "A’")

SLA variance differences

[ I L.L.._ +15 em?
=% =¥ = =h =3 (1] 3 [] 2 13
SLA variance diffecences (cm?)
Figure 5

From Thibaut et al
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RodrigUez et al.

Rodriguez et al. presented results from the implementation on Jason-1 data of the 2 JPL retracking
algorithm, Least Squares(LSE) and Max a Posteriori (MAP). Those where compared to the MLE4
retracking provided in GDRb data. Figure 6 shows Ah distributions with respect to SWH and wind
speed (top 3 panels), and SWH and attitude squared (bottom 3 panel). It appears from this study
that MAP has much smaller differences from CNES MLE4 — this is unexpected.

JPLLSE - MLEL + SPLMAP - MLEL «JFL LBE - JPL MAP
=>4 3 = .
'hu 12
'I: 'I:
& I
& B
s § 1
a E [ E
y H b |
] 4
4 4
=10 «
. 2
=4
i[]
LSE — MLE4
JPL LSE - MLE4
g g
3 4
hH H
S (m) 5WH m)
0 5 SWH 10 15 0 5 SWH 10 15 0 5 SWH 10 15
Figure 6

From Rodriguez et al.
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Labroueet al.

Labroue et al. presented an assessment of the consistency between Jason and TOPEX during the
formation-flying phase, with respect to the new processings. Figure 7 shows the differences in (orbit-
range) between Jason (GDRb) and TOPEX (MGDR: left panel, retracked RGDR —using LSE: righ
panel). Retracking (LSE) reduces differences globally by 0.4 cm and decreases the SWH related
error. Note that based on Rodriguez et al. results, MAP would have reduced more.

Mean value
7.6 cm

8.0 cm
Figure 7 (From Labroue et al.)

However, when separating ascending and descending orbits (Figure 8), very strong North/South
features appear, in “Orbit-Range” as well as in SWH differences. This implies that retracking does
not eliminate problems from TOPEX waveform features: this ascending/descending and latitude
dependency is due to the fact that TOPEX “leakages” or “features” position in waveform depend on

range rate.
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Figure 8 (From Labroueetal. )

A Sea State Bias model was reestimated for each of the retracked data sets (Jason MLE4,
TOPEX LSE). The difference in SSB between the two missions is greatly reduced, as shown on
Figure 9. The improvement is due to the retracking algorithms on both missions in equal parts. For
Jason, this is the effect of the skewness coefficient set to 0.1 which reduces the SSB magnitude for
all SWH. For TOPEX, the improvement is mainly observed for strong waves (greater than 4m).

Once corrected from the new SSB models, the differences JASON-TOPEX (orbit-range-ssb) is
shown on Figure 10. An E-W difference appears in this map, but this as been identifyed as the result
of small orbit errors that will be corrected (Beckley).

We are approaching the 1 cm goal, BUT we know that there are significant features “hiding” in these
maps.
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Figure 10 (From Labroue et al.)
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SPLINTER CONCLUSIONS and RECOMMENDATIONS

CNES/JPL Plan & Schedule

These are the key points from the JPL-CNES meeting on further understanding the properties of the
two retracking schemes.

41



The first issue was pointed out by Rodriguez et al., showing the two JPL algorithms applied to Jason
data (Figure 6). The simulation comparisons are to clear up some remaining points from previous
simulation comparisons.

Issues

o MAP and LSE agree on simulated data; a bias appears when using real data — suggesting
waveform mismodelling

0 Retracking does not cure TOPEX waveform features:

“Toward/Away” differences of ~1 cm remain — need to explicitly clean or solve for
waveform artifacts

Simulations / Waveform Modeling

0 Determine how many Gaussians are needed to get 1Imm Range, 1cm SWH agreement with
full PTR

0 CNES to provide model waveform code, simulated waveforms (N=10,000) for several cases
0 CNES to supply PTR and Filter weights (PTR needs to be corrected by filter weights)
— Test effect of filter weight (daily Vs long term average)

— Jason processing is using daily — concern that this adds noise as filter is very stable over
time. Impact less than 1 mm : CNES to provide technical note.

0 JPL to test solving for all parameters at 20Hz as is done in Jason (Current averages to
10Hz, solves for 10 ranges, 1 SWH, 1 Att"2, 1 Skewness )

0 Investigate waveform residuals from fit
— TOPEX: determine variations in features. Develop scheme for removing.
— JASON : determine if there are unmodeled features

— As previously noted, it is necessary to remove the TOPEX features in order to reach the
sub-centimeter goal.

— The fact that LSE/MAP do not behave in the expected way on Jason data suggest that
there may be mis/un-modeled features in the Jason waveforms also.

Schedule

0 Need to complete main work during 2006 because of budget considerations and length of
time for reprocessing (Jason ~ 200 cycles, TOPEX ~ 475 cycles)

— April-May 2006: CNES and JPL to agree on a simulated data set and perform
comparisons

— June-July 2006: CNES and JPL to perform comparisons on real data
— August: re-estimate SSB based on the updated retracking
— September 2006: report to Project Scientist and implementation of the reprocessing

0 Reminder of Goal: Cross calibration of TOPEX-Jason with NO geographically correlated
errors (<< 1 cm)

— Lee’s Test: Coherence( TPX(Orbit-Range) — J(Orbit-Range), SWH) ~0

Open Questions:. (1) evolution of the products, (2) multi-mission context

These are additional issues that the OSTST should consider as the final TOPEX and Jason
products are developed for this reprocessing
o Data format and content
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Currently: GDRs for Jason, RGDR for TOPEX
Products including the altimeter waveforms?

e Already the case fo Jason (S-GDR or S-IGDR)

« Allows easier reprocessing (exploratory or systematic)
Multiple retracking outputs within one product?

e Already the case for ENVISAT

e« Expert » product: the user has to choose one
Interest of adding MQE and/or peakiness to GDR

« Editing criteria: MQE reflects a posteriori the quality of the fit, peakiness
reflects a priori how close is the waveform to Brown echo, 20Hz off-nadir
angle (from MLE4)

0 Multi-mission context:

T/P mission ended
New missions planned (OSTSM/Jason2, AltiKa)
Importance of multi-mission products

As much as possible, we should keep coherent processing strategies between
missions

« TOPEX was the reference mission up to now: this is great for the
homogeneity of data, BUT future missions will not overlap with Topex

e Future missions ground processing will inherit from Jason rather than TOPEX
(e.g. ground retracking)
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Cal/Val and Data Consistency

(Co-chaired by P. Bonnefond, S. Desali, B. Haines, ISerem, N. Picot)
March 17, 2006

INTRODUCTION

The Cal/Val and data consistency splinter focusedhe new products available either for Jason-1
(GDR-B) or TOPEX/Poseidon (RGDR-1&2). Through 1ksaall the new parameters (orbit, range,

corrections) have been reviewed to quantify thellef improvement and to identify the remaining

items that have to be improved before completeoegssing.

PRODUCTS ANALYSES
Jason-1 (GDR-A / GDR-B)

Sea-Surface Height Biases
Table 1. Jason-1 SSH biases from calibration studies

Site GDR-A (mm) GDR-B (mm) Number of cycles Refaren

Harvest +141.8 6.3 +97.4 +7.4 108 / 29 Haines et al.

Corsica +107.9 +6.7 +86.3 +8.6 84 /21 Bonnefond et al.

Bass Strait +152.3 +7.7 +105.0 +8.3 18/18 Watson et al.

Gavdos +131.0 £12 NA 20/ NA Pavlis et al.

Ibiza +120.5+4.4 NA 33/NA Martinez-Benjamin
et al.

Regional +100.0 £1.0 91.0 +8.0 21/21 Jan et al.

"Biases given at the 2002.0 reference epoch

Table 1 provides a synthetic view of the resulespnted during the « In-situ and regional » part of
the splinter. On average, the Jason-1 SSH biasased by 31 mm (from 126 to 95 mm). More
important, the sample standard deviation of thes ljfeom different calibration experiments) has
decreased from 26 to 8 mm (GDR-A and GDR-B respelsfi. This demonstrates that the GDR-B
dramatically reduces the geographically correlagewrs for Jason-1, leading to more coherent
results from local and regional studies. The twonnaaigins of this improvement come respectively
from the new POE orbit and the JMR calibration. Thain patterns (see 2004 report) of either
constant or drifting geographically correlated orbirors have been removed and this has been
clearly identified inHaines et al.(Figure 1) andWatson et al(Figure 3) studies. Concerning the
JMR, the apparent drift (~ —4 to -5 mm/yr effecttbe drift) has been removed thanks to the new
calibration coefficients and other improvements #msl is confirmed byHaines et al(Figure 4) and
Bonnefond et al(Figure 5) studies when comparing the JMR wet phalays to the GPS derived
ones.

The remaining observed drift is now not statisticdifferent from zero but the complete time series
has to be revisited to increase confidence inrésslt. Concerning the absolute bias value itsled,
number presented here also needs to be updatedhwithll data set and with any new sea state bias
model that may be selected for the final GDR-B oepssing.
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Figure 1. GDR-A and GDR-B altimeter bias time series from Hatwcalibration siteHaines et a).
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Figure 2. GDR-A and GDR-B altimeter bias time series from Gmagialibration siteBonnefond et a).
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Jason-1 Absolute Bias
24':' i{ 1 1 1 1 1 1 1 1 I 1 1 1 1 []

Absolute Bias (mmj)

Existing Data (GDRFOE Orbt), Mean Bias: 152 3mm Meadian, 148 0mm
20T s1d Dev: 32 6mm Std Error 7 7mm
Existing Data {GPS Crbit): Mean; 127 8mm Median: 125.3mm N | -
St Dev: 30.1mm Std Error. 7.1mm =&~ GDR/POE Orbit
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Sid Dev: 26.8mm Std Error. 6.3mm —8 MNew GDE Data
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g 1 2 2 4 &5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Jason-1 Cycle
Figure 3. GDR-A and GDR-B altimeter bias time series from Bagsit calibration siteWatson et a).

JMR
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Figure 4. GDR-A and GDR-B JMR wet path delays (positive) mit@RS derived ones from Harvest calibration site
(Haines et a). Same for TMR (blue).
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Wet path delay differences (mm)
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Figure 5. GDR-A and GDR-B JMR wet path delay corrections (niegatminus GPS derived ones from Corsica
calibration site Bonnefond et a).

Desai et al.andBrown et al.reported on the status of the JMR recalibratiosh iss1validation; their

conclusions are:

® Systematic offsets of the JMR WPD in Version Aloé IGDRs have been removed in Version B,
at least through cycle 136 (Figure 6).

® Offsets in some brightness temperatures (Versiorh@8)e been detected after the cycle 136

safehold event.

- Effect on WPD < 2mm.
® Drift of <1 mm/year may remain.
® Scale error in JMR may exist.

- Will use radiosondes as one more test for existehseale error.
® Efforts are underway to further calibrate the JMfado remove all these effects.

- Schedule permitting, the calibrated data will beuded on the “final” version B GDRs.
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Figure 6. JMR wet path delays minus GPS, SSMI, TMI and modeivéd ones@esai et alandBrown et al).

Global GDR-B validation

Ablain et al.presented a complete review of the improvememtibatable to GDR-B, but also noted
a few anomalies. They observed, for example, that®t173 ms time shift added in the GDR-B
Level-1B processing creates a hemispheric bias “(€eaclusions and Recommendatiyng heir

overall conclusions are:

* New geophysical corrections, new orbit, and newacking enable better characterization of the

oceanic signal:

- Differences between ascending and descending passesduced
- SSH variance is significantly reducedariance gain = 21 cm® 35 % (Figure 7)
. Con5|stency with T/P is better thanks to these ave@ments (seBorandeu et a)

Dem? - 5=n ] i
Figure 7. Crossovers SSH variance using GDR-A (left) and GD@ight).
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TOPEX/Poseidon (MGDR / RGDR-1&2)

Sea-Surface Height Biases

Table 1. Jason-1 SSH biases from calibration studies

Site MGDR (mm) RGDR (1 /2) (mm) Number of cycles | ef&ence
Harvest +3.6 8.2 +2.5 49,7 / -38+6+11.5 16 Haines et al.
Corsica -4.6 +8.1 -23.5+7.5/-37.2 +11.3 13 Bonnefond et al.
Bass Strait -0.5+3.5 -11.1 #5.9 17 Watson et al.

“Using only new orbits from RGDR

For the new T/P products (retrackings and orbitshglete results are available from only th@&nes

et al. andBonnefond et alstudies \\Vatson et alhave analyzed the new orbit solutions, but not the
retracked data.). The impact of new POE orbits (GStas been studied separately and decreases the
bias by about -10 mm on the average for the 3 rldn sites. Concerning the retracking, while the
LSE algorithm (RGDR-1) does not significantly chartge bias (+4.9 and -5.9 mm respectively for
Harvest and Corsica), the MAP algorithm (RGDR-2lrdduces a significant bias (-36.2 and -
19.6 mm respectively for Harvest and Corsica). Mueg, the scatter is increased when using the
MAP retracking. These are only preliminary resaltgl they need to be further investigated with
more complete products (e.g., updated retrackegesaras well as attendant ionospheric and SSB
corrections) and longer time series.

TMR

Desai et al.and Brown et al.reported on the status of the TMR recalibratiod &g validation
(Figure 8); their conclusions are:

* ECMWEF model on T/P GDRs is biased 6.6 mm drier thad1 GDRSs.

®* TMR has geographically correlated errors where W§&alually becomes too wet by > 4-6 mm
as land is approached (Figure 9). This effect @asden as far as 600 km from land, and is likeb/ du
to the algorithmic treatment of land contaminatodrthe TMR side lobes.

- Should be correctable by applying JIMR’s APC aldionit(e.g. E. Obligis) to TMR.

®* TMR drift appear to span cycle 30-280 with cumwiateffect of 5-6 mm (0.7-0.9 mm/year).
- Caused by drifts in all 3 channels, but primari8/GHz channel.

®* TMR has 4 mm peak to peak dependence on satdtiiigda regime.

® Recalibration of TMR is ongoing by S. Brown and esied to remove drift and satellite attitude
regime effects.

- Are already using new APC algorithm.
- Will be used on P. Callahan’s end-of-mission GDR.
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Figure 9. IMR-TMR distance from land correlatioB€sai et al).
Obligis et al.showed that important errors on the wet troposploerrection due to Topex/TMR and
Envisat/MWR retrieval algorithms still exist. Theionclusions are:
® Local biases correlated with high wind speed Sibunat
- The 18GHz channel of the TMR does not correct fidha roughness effects
- =>Necessity to add the altimeter wind speed ok&eattering coeff (better)
- NN particularly adapted
® Constant bias in the Eastern part of the subtrbpasins (Figure 10)
- Radiometer dh overestimated by more than 1 cm
- Highly correlated with the lapse rate

- =>Necessity to use a priori information on the apteeric profile (ECMWF) in the retrieval
algorithm (Figure 11)

- NN formulation
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- 13 years of TOPEX sea level maps are biased by tharel cm in these particular areas.
JMR should also be affected and this has to beestud

— —
0 50 100 150 200 250 300 150

| L IR -
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Figure 10. TMR wet path delays (positive) minus ECMWF model dedi onesQbligis et al).
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Figure 11. Example of special signature in the temperaturetandidity profiles near the Californiah coasihligis ét
al.).

Another study which is being conducted by a PhDdestth was presented b@bligis et al.
Radiometer contamination by the signal coming friw@ surrounding land surfaces (with a strong
and very time variable emissivity) leads to inaateithumidity retrieval, because retrieval algorishm
implicitly rely on sea surface emissivity modelswalgorithms are under development but will not
be available for the T/P or Jason-1 reprocessihgdide.
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T/P & Jason-1 formation flight phase consistency

Sea-Surface Height Biases
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Figure 12. SSH differences between Jason-1 and TOPEX/Poseidimy MGDR/GDR-A (left) and RGDR/GDR-B
(right) (Dorandeu et a).

Dorandeu et al.presented a review of the SSH differences betwkson-1 and T/P during the
formation flight phase, and their origins and immments thanks to new products, (Figure 12). They
observed:

® Large improvements from new orbits for both TOPEX dason-1
- Reduction of apparent trackiness

- New signals can now be detected (SSB differencesthfSouth — ascending/descending
signals on TOPEX)

* Improvements from Jason-1 MLE-4 retracking algonitiP. Thibaut): reduction of (TOPEX-
Jason-1) variance

®* MLE-5 TOPEX retracking:

- Strongly reduces the differences between TOPEXJasdn: SSB estimations are now much
more consistent

- But large ascending/descending hemispheric sigéliexist in TOPEX data
- MLE-5 TOPEX retracking:

®* New SWH for T/P and Jason-1:
- homogenization of SWH

Slight improvement near coasts

Reduction of mean bias (from 8.2 to 5.2 cm)

But hemispheric bias when separating asc/desepass

Beckley et alpresented a detailed analysis of the impacts lmfsprSSB and retracking. First of all,
the GSFC JGM3 replacement orbits for Jason-1 GD&nd\for T/P MGDR_B decrease the standard
deviation of the relative SSH bias from 7.8 to mf. Most of the trackiness and South large
patterns are removed but some geographically edecelerrors still remain (Figure 13). Further
reduction of the geographically correlated erros waown with GSFC replacement orbits based on
GGMO2c.
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Figure 13. Left Flgure presents SSH differences between Jas@DR-A) and TOPEX (MGDR with reV|sed SSB).
Right Figure presents the same SSH differences titraduced dynamic JGM3 orbits based on a comgi$té&RF2000
reference frame from GSFC for both Jason-1 and TO{@exKkley et a).

SSH comparison of Jason-1 GDR_B with TOPEX MGDR_IBW\GSFC GGMO02c¢c dynamic TVG
replacement orbits for both further reduces thedsied deviation to 4.1mm. Note that the mean
relative bias (106.5 mm, Figure 14) is very clas¢hte one derived from in-situ studies (95 mm, see
“Jason-1 Sea-Surface Height Bidsegction assuming T/P is not statistically differédrom 0).
Beckley et alstated that this is probably the best currenttgoithat does not employ TOPEX GCP
retracking, and that further improvement is foresegh a consistent non-parametric SSB correction
for both TOPEX and Jason-1 based on the GSFC GGM@2amic_tvg orbits. Note the absence of
the east/west hemispherical offset as seen in §|g1ardue to the conS|stent orbit strategy
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Figure 14. SSH differences between Jason-1 (GDR-B, dynami& Tvbits from GSFC) and TOPEX (MGDR with
revised SSB and dynamic TVG orbits from GSFBadkley et a).

Finally, the new retracking for T/P (LSE and MAR)analyzed (Figure 15). Results show strong
hemlspherlc patterns between ascendlng and destgemleses probably due to Waveform leakages.
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Figure 15. SSH differences between Jason-1 (GDR-B, dynami@ Bybits from GSFC) and TOPEX/Poseidon (RGDR
with SSB LSE retracking and dynamic TVG orbits fra@8FC): respectively from LSE (left) and MAP (right)

algorithms Beckley et a).
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Beckley et alin their conclusions listed the improvements talbee before reprocessing:
* Revised GSFC Replacement Orbits

- TOPEX reduced dynamic_tvg (GGMO02c)

- Jason-1 GPS reduced dynamic_tvg (GGMO02c)

- Improved reference frame, center of mass, timeabéigravity
® Sea State Bias

- “Tune” NP SSB with additional regional correlatiiesyond just U and SWH from WAM
model (Tran, et al.)

®* Model/remove TOPEX Waveform leakages; challengask tbut worthwhile investment in order
to generate credible Climate Data Records.

OTHER STUDIES

Faugeére et al.presented results from the cross-calibration ofi&at and Jason-1, and listed the
improvements and remaining problems in the newyxtsd(Figure 16):

® Better consistency of Envisat and Jason-1 is aelien the new GDR configuration thanks to
improvements in:

- Orbit
- Geophysical corrections
- MLE4 retracking
¢ Still under investigation are the following issues:
- Envisat/Jason-1 global mean differences during/esxdles
- Geographical differences between Envisat and Jagéigure 16)

- =
- e M 7 K ;1"““3’;;:}«4‘1} =
; e {&i“ - St = gy 3
o R -} BT it
< e P 2 ol Rt o

B e L O I E
-3 -1.8 -06 0.6 L8 3 -3 -18 -0.6 0.6 18 3

Figure 16. SSH differences between EnviSat and Jason-1 (GRRIéft; GDR-B at right) Faugére et a).

They also presented a detailed analysis of the M&ea Level trends from various missions
(Figure 17). Except for the early EnviSat cyclesults are very coherent.
6
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Figure 17. MSL tréndé fo.r Eﬁviéat, .Jas.on-.l, 'I.'/P,.GF.O and ERBaligere et a).
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Scharroo et alpresented a comparative study of the radiometefsoard Jason-1, TOPEX/Poseidon
and EnviSat (Figure 18). They offered the followoanclusions concerning the EnviSat MWR:

® |sthere a driftX¥es
- Instrumental parameters and wet tropospheric ciorecindicate a drift
® Which channel is responsible for the drifiAicertain
- Depends on how the earlier cycles are dealt with
- Effect of TB23 drift twice as large (and opposiigng of TB36 drift
- TB36 drift may be more complex than previously tijot) non-linear dependence on TB23
® For time being?
- Correct TB23 up by 0.257 Klyear
- Corrlect SLA Iup by 1.4|1 mm/yezilr
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Figure 18. Radiometer behaviors compared to TMRljarroo et a).

2002 2003 2004 2005

Leuliette et alpresented a detailed analysis of the impact ointhe T/P and Jason-1 products on

studies of global mean sea level (Figure 19). Tdrelyed at the following conclusions:

®* The standard deviation of the relative TOPEX/Jasias during the formation flying phase has
increased from 1.6 mm to 2.6 mm.

- This contributes an uncertainty of 0.23 mm/yr te tverall trend (versus 0.13 mm/yr from
prior data).

- It is expected this will drop when TOPEX correc8oare updated to the Jason GDR-B
standards and JMR wet path delay updated.

®* TOPEX retracking appears to have not completelyokead spatial variations of the bias.
- The MAP reduces the spatial bias more than LSE

® The drift in Jason sea level compared to tide gau@@DR-A+JMR and GDR-B) is not
statistically significant.

- Near the edge of the significance
- Below the mission goal of 1 mm/yr
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Figure 19. Mean Sea Level trend from T/P and Jason-1 new pitsdteuliette et a).

Shum et algave an update of the Jason-1 and T/P calibratien Lake Erie, which is summarized
below:

® Lake Erie calibration site is established for caltlon for JASON-1 providing the similar results
(Cycles 1-134) to that of the dedicated sites.

* No valid lake surface height measurements are fatnthree bins near Marblehead from the
Version B of JASON-1 GDR (Cycles 135-145, 2005/08005/12) .

® The surface gradient estimates from Marblehead gémughree altimeter bins are consistent with
GEOIDO3 model of NGS.

® Dependence of RA biases on EMB models needs torbeef studied.

Watson et al in their presentation on the updated Jason-ibreéibn results at Bass Strait, also
presented an interesting study which used the E€Bnstruction technique, together with fast-
delivery tide-gauge data from the University of H@éwSea Level Centre (UHSLC), to estimate
GMSL forward from February 1999 (end of TOPEX Aeidhrough to the end of 2004. The offset
between Jason-1 GMSL for 2002-2004 and the tidg@alerived GMSL for the same period was
within a couple of mm of the known offs@igure 20). This is preliminary work, but indicatis are
that we may be able to match up altimeter GMSL tgages across a gap of a few years to around
1 cm or so.
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Figure 20. Jason-1 altimeter bias from a simulated data gapden T/P Side-A and Jason-1 pha¥gatéon et a).

Foster et al.presented a study of the regional trends as obdefnom tide gauges with GPS
monitoring and compared to altimeter data. Theyegae following conclusions:

* CGPS@TG data sets are now long enough to get soeamingful regional vertical trend
estimates

®* Homogeneous reprocessing of entire global GPS mktweeded before meaningful global
estimates can be made

® Some regional estimates show encouraging corregpoedvith altimeter/tide-gauge differences

® Persistent scatterers technique show promise @al ot investigating local variations in vertical
land motion

CONCLUSIONS AND RECOMMENDATIONS

Data consistency and accuracy

®* There is a signifcant improvement in terms of datauracy for Jason-1 and in the consistency
between Jason-1 and T/P. For the MSL trend, tleerearly a seamless transition between the two
missions.

®* There remain important geographically correlatedorsr in the T/P data (ALT-B), which
principally manifest as hemispherical biases oreading vs. descending tracks. For more details on
these effects, which are thought to be attributédbleaveform leakages in the ALT-B data, see the
conclusions of the splinter “Sea-State Bias anddgking Analysis”.

®* Some minor anomalies and behaviors are still erteoed:

- Dry Tropospheric and Inverse Barometer correctidvesved from Meteorological files in
coastal areas are still impacted by oscillatiorectf (related to incorrect management of the
bathymetry/topography altitude).

- A residual bias in the Jason-1 time tag inducesallshemispheric signal to both SSH and
SSB.
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- The JMR will be recalibrated to correct for a stighift (~1 mm/yr) and to correct for
anomalies after cycle 136 safe hold

- TMR recalibration, including an updated APC aldumt is expected to remove remaining
drift, yaw state dependence and geographicallyetaied errors.

- To achieve better consistency between the T/P asdndl orbits, the use of identical
gravity fields may be required (see conclusionspdinter on POD splinter).

- Geographically correlated errors in the ENVISATasan-1 differences will be investigated
in close cooperation with ESA.

® The following enhancements will soon be implemeritedlason-1:
- Cross-track gradient correction
SGDR product evolutions
GIM ionospheric correction inside level2 products
- Product naming convention (remove “.NASA” or “.CNES
* Timeline

- We are waiting for final recommendation from rekiag comparison team before
proceeding with GDR version C (?)

Questions and answers

Is there any improvement to be done before completeprocessing ?

TOPEX/Poseidon Jason-1
Orbit see POD splinter summarysee POD splinter summary
Range (retracking) See retracking plan MLE4 is adopted fo
MAP or LSE? reprocessing

(fix the waveforms See retracking plan (¢f
problems to “remove” theT/P)
hemispheric patterns)

lonospheric Need to wait for retrackingNeed to wait for retracking

Dry tropo. Same as Jason Some minor coastal| pb
have to be solved

Wet model See dry tropo See dry tropo

One request is to have|a
Consistent meteo mode
for the whole missions
(ECMWF now quality for
early years)

Wet tropo. Rad Errors in the atm. Profiles Should exist in JMR too
(SeeObligis et al.studies) | (this have to be checked)

SSB Wait for MAP or LSE| Ready from MLE4
(one year of data) retracking

Further investigation is needed for in-land wataedes
(seeShum et alstudy)

Geophysical corrections Current GDR-B JasopCurrent GDR-B Jason
standards standards
Geoid=> see POD splinteiGeoid=> see POD splinter
recommendations recommendations

Are we now able to link T/P and Jason-1 time seriesith the formation flight phase?
Be aware of the differences between global, redgiand local applications. Global bias?
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“Geographical” bias?

Is this period sufficient or do we need to increask for Jason-1 / Jason-27?
Close to a year would be better. Need to balafdev@L and high-resolution interests.

Are we able to deal with mission gaps?
Cross calibration if any satellite survives
Using the tide gauges network: about 1.5cm errofdraa 4-year gap. Can be improved by
combining results from absolute calibration sitd®y strengthen the solution in terms of
bias but also drift).
EOF analysis derived from tide gauges (@édson et alstudy)
Absolute calibration sites can really contributaf iwe must contend with GCE (e,g, see
POE drift).

What is the impact of the possible change of orbfor Jason-3?
At least try to fit the orbit to one or more calkipn sites.
Better than any gap between Jason-2 and Jason-3
Not a sun synchronous orbit
Find a compromise for the repeat period.
Try to change the period to avoid the 60-day algsi
Better define before what we really want (high teson, long consistent time series, ...)
From tide gauges calibration studies, geoid sloplsiot be cancelled but it's a short-term
issue (beginning of the mission) and should beesblv

TALKS

All the presentations can be found at:
http://grasse.obs-azur.fr/cerga/gmc/calval/alt/SWé@nice 2006/

First part: in-situ and regional (Chairmen: P. Bonnefond, B. Haines & S. Nerem)

Algorithms and models evolutions from Jason-1 GDR¥a to Vb
Dr Nicolas PICOT, Dr Shailen DESAI
Monitoring Jason-1 and TOPEX/POSEIDON from an Offslore Platform: Latest Results From
the Harvest Experiment
Dr Bruce HAINES, Dr George BORN, Dr Shailen DESKI, Stephen GILL
Absolute Calibration of Jason-1 and TOPEX/Poseidoiltimeters in Corsica
Dr Pascal BONNEFOND, Dr Pierre EXERTIER, Mr OlivietAURAIN, Dr Yves
MENARD, Dr Frangois BOLDO, Dr Gwenaele JAN
Jason-1 absolute calibration: Update from Bass Stig Australia
Dr Christopher WATSON, Dr Neil WHITE, Dr Richard CEMAN, Dr John CHURCH
Eastern Mediterranean Dynamics and JASON-1 Altimete Calibration Results from the
GAVDOS Project
Prof Erricos C. PAVLIS, Prof Stelios P. MERTIKASh& GAVDOS TEAM
Calibration of JASON-1 and T/P Over Lake Erie: An Update
C.K. SHUM, K. CHENG, Y. YI, C. KUO, S. CALMANT, ABRAUN
Experiences on Altimeter Calibration at Ibiza Island and Cape of Begur (Spain)
Juan Jose MARTINEZ BENJAMIN, Marina MARTINEZ GARC]AMiquel Angel ORTIZ
CASTELLON, Julia TALAYA, Anna BARON, Gema RODRIGUEXELASCO, Jose
MARTIN DAVILA, Jorge GARATE, Pascal BONNEFOND, Ctisa GARCIA and the
IBIZA2003 Team
Jason-1 sea surface height bias with Corsica tidewgges network
Dr Gwenaéle JAN, Dr Yves MENARD, Dr Pascal BONNEHDNVIr Olivier LAURAIN,
Mr Laurent ROBLOU
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Regional Trend Estimates at CGPS@TG Stations
Dr James FOSTER, Dr Mark MERRIFIELD, Dr Michael BESY Dr Benjamin BROOKS

Second part: global Chairmen: S. Desai & N. Picot)

Analysis of version B Jason-1 GDRs / TP retracked BRs consistency

Mr Joél DORANDEU, Mr Michaél ABLAIN, Dr Nicolas PIOT, Dr Juliette LAMBIN
Global Statistical Quality Assessment of Jason-1 ¢ and Jason-1 / TOPEX/Poseidon Cross-
calibration

Mr Michaél ABLAIN, Mr Joél DORANDEU, Mr Yannice FAGERE, Dr Nicolas PICOT,

Dr Juliette LAMBIN
Evaluation of TOPEX/Jason-1 Consistency Issues

B.D. Beckley, N.P. Zelensky, S.B. Luthcke, R.D. R&G. Lemoine, P.S. Callahan, S.

Labroue, N. Tran
Jason-1/ Envisat Cross-calibration

Mr Yannice FAUGERE, Mr Joél DORANDEU, Mr Michaél ABR\IN, Dr Nicolas PICOT
Status of the JMR/TMR Recalibration Effort: Algorit hm Improvements and the Optimal
Calibration System

Dr Shannon BROWN, Mr Shailen DESAI, Mr Steve KEIHDY, Christopher RUF
Validation of Jason and Topex Microwave RadiometeMWet Path Delay Measurements using
GPS, SSM/I, and TMI

Dr Shailen DESAI, Dr Bruce HAINES, Dr Wenwen LU, Bictor ZLOTNICKI
Geographical analysis of systematic errors in the &t tropospheric correction

Dr Estelle OBLIGIS, Dr Laurence EYMARD, Dr Ngan TRIAMs Sylvie LABROUE
Comparison of the Radiometers of TOPEX, Jason-1 anBnvisat

Dr Remko SCHARROO and Dr John LILLIBRIDGE
Impact of Version-B GDRs on Mean Sea Level

Dr Eric LEULIETTE, Prof Steve NEREM, Prof Gary MIHUM
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Precise Orbit Determination and Geoid

(co-chaired by J.P. Berthias and J. Ries)
March 17, 2006

Introduction

The primary goal of the POD/geoid splinter meetivas to finalize the selection of standards that
will be used to produce the Jason-1 GDRs (new G&Rwsell as reprocessed GDRs). The search for
the best POD standards and geoid models has bete @yenda of the POD/geoid working group
for the last 4 to 5 years. Over the years modetp kmproving, however we can now see that the
GRACE contribution to the Jason orbit error impnmeat has reached a plateau. Simultaneously, we
now have enough confidence in the fact that thenoal has been reached, so as to be able to settle
on a choice of standards.
A partial upgrade of the POD standards was thudeimented in September 2005 based on the
results of the previous OSTST meeting. These irgdrate standards were put in place in order to
provide altimetry users with improved products (GDRin preparation for this meeting. As an
indirect consequence of this upgrade, the old “TRPandards” have disappeared. The POD
working group has therefore been able to focuatttntion to the more subtle differences that appea
between all the GRACE-era orbits.
From centimeter to millimeter
Traditionally many set of orbits are produced byCP®orking group members in preparation of
OSTST meetings. Over the years, differences betweese orbits have been slowly decreasing, as
models and orbit quality improves. For this meetitegp sets of orbits were available, some of them
spanning the whole life of Jason-1.
Thanks to the change in standards in the offigiatpction orbits (GDR orbits), there were no more
old orbits included in the comparisons (that iditsrusing the pre-GRACE “TOPEX standards”).
Consequently, all of these orbits compare at 7 4onim radially. This is an excellent level of
agreement given the fact that data, models an@vadtused to produce the orbits are significantly
different between groups.

Table 1.Orbits submitted for comparison

Group Data Gravity Tides Parametrization Time span
(cycles)

UT/CSR SLR, DORIS| GGMO02CFES2004 | dynamic; daily 1/revsl - 90
8-hour drag

NASA/GSFC | SLR, DORIS| GGMO02CFES2004 | dynamic; daily 1/revs] - 135
8-hour drag

NASA/GSFC | SLR, GPS GGMO02CGOTO00.3 | reduced-dynamics 8-21

NASA/JPL GPS GGM02C GOT00.3 | reduced-dynamics 1-146

CNES SLR, DORIS,| EIGEN -| FES2004 | dynamic; 12 houdl - 21

(GDR-b) GPS CG03C 1/revs, 2-hourdrag | 110 - 145

CNES GPS EIGEN :FES2004 | dynamic; 12 houl - 135

CG03C 1/revs, 2-hour drag

The good agreement between all of the orbits iear indication that models have fully converged at
this level of precision. In particular, differendastween recent releases of gravity fields arensalls
that they hardly show up in the orbits. Even thotighCNES GDR-b orbits use the EIGEN-CG03C
gravity model while the latest JPL ‘reduced dynahimrbits are based on GGMO02C, the level of
geographically correlated differences is very Iéwgure 1 shows the mean orbit difference between
the JPL GPS reduced-dynamics and the GDR-b orbés tovo sets of cycles. The maximum mean
difference is at the 5 millimeter level; in mosapés the differences are 2 millimeter or smalléisT

is consistent with the sub-millimeter error leveégicted from the gravity field covariance. At this
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point, differences in the other background grawitydels (solid earth and ocean tides, pole tide; non
tidal gravity variations) are likely to start todmme apparent.

Cycles 1-21 Cycles 128-146

RMS: 2.4 mm

-10 0 10 -10 0 10

Figure 1.Geographic Radial Comparison to GDR-B in2°x2° Bin Averages (courtesy W.
Bertiger)
Even though all of the orbits are very close, GP&luced-dynamics’ orbits still consistently
outperform the other solutions in altimeter crogsevtests. In addition, this technique leads to
strikingly similar orbits whether they are computesing double-differences at NASA/GSFC or
undifferenced data at NASA/JPL. The high elevat8itR residual test on these orbits confirm 10
mm or better absolute accuracy (Figure 2). Not¢ tha SLR data were not used in the orbit
determination and thus provide a completely indepantest.
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Figure 2.High elevation SLR residuals for the NASA/GSFC GP$educed-dynamics orbits
(courtesy S. Luthcke)
At that level of accuracy, and with long time ssriavailable for analysis, small systematic
differences appear more clearly than ever befareatticular, the Z shift between the various @rbit
which looked like noise in the past, now reveatacistructures. Most significantly, GPS-only orbits
from CNES and JPL exhibit a centimeter level padad shift when compared with DORIS/SLR
orbits. Annual and 120-day signals are the mainrdartions to this signal.
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Figure 3. Z shift between CNES and JPL GPS-only orbits aB#G SLR+DORIS orbits and
associated spectral analysis (courtesy L. Cerri)

There is no consensus on the origin of the 120siigwyal, although recent tests have made it clear
that differences in solar radiation modeling catmoduce a geocenter variation in Z that correlates
with the orbit beta-prime angle. Tests are undertwaigdentify which modeling performs best. The
apparent drift in the Z offset may indicate a doftween the centers of the SLR and GPS reference
systems. This may be resolved with the new ITRF2@¥&rence system. The annual signal bears
some similarity with geocenter motion. Some teastcate that taking into account geocenter motion
could reduce the effect. However, in the absen@ afnsensus on which model to use for geocenter
motion, it is difficult to reach any conclusion.i$liemains a research topic.
POD standards
All the issues left open at the last OSTST meehage been addressed during the splinter. This
provided a consistent set of standards to userfotr production. Key elements are

* The models are principally based on the IERS2003v€ations

* The gravity model is EIGEN-GLO4C truncated to degaed order 120 for orbit
determination
(see http://www.gfz-potsdam.de/pbl/op/grace/refrs/g005_eigen-glO4c.html).
The model includes linear time variations for C€30 and C40. The IERS standards also
specify a linear time variation for C21 and S21wa# as a corresponding model for the pole
tide.

* The tide model is FES2004, with the K2 wave of FeeS2002 tide model instead of the
original K2 wave from FES2004

* The reference system is ITRF 2005, extended withare‘repaired” coordinates for the
stations not included in ITRF 2005 (should be aldd in June 2006)

» The orbits for the GPS constellation are ITRF 206f%ts computed by JPL clocks are those
provided by JPL

* The antenna maps provided by JPL both for Jasaordree GPS constellation will be applied
(for pseudo-range and phase)

* The DORIS, SLR and GPS tracking data are combin#gdweights that remain to be tuned.

* The phenomenological model designed to mitigateetfext of the South Atlantic Anomaly
on DORIS data is to be used.
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A few others standards are still the object of telzand have to be consolidated over the coming
months:
* The offset between center of mass of the Earthcanter of figure (geocenter motion) should
be taken into account at least to clearly idernthfy origin of all products. To date, however,
Nno consensus exists on a model, and the subjeaimsmpen.

* There are indications that time variable gravityn@sphere, hydrology, etc.) is starting to
play a significant role at the current accuracleo consensus model currently exists.
Groups involved in GRACE data analysis have dewadapultiple solutions and an inter-
comparison of these models will be conducted dvercoming months to derive a model that
will be part of the standards.

* The role played by solar radiation pressure modetirthe centering of the orbit is not yet
fully understood. The UCL ray-tracing model iskely candidate for the standards.
However, its impact still has to be evaluated.

» Laser residuals exhibit a small dependency witpeesto the elevation angle of the incoming
photons over the reflector array. An array corgectnap will be included in the standards,
however, array engineering data to produce this isiaprrently lacking. If no additional data
can be obtained from the array manufacturer, anrezabpmap will be produced

The current goal is to be ready at NASA and CNEStaot producing orbits with the new standards
in the fall of 2006. The availability of ITRF200%a of the time variable gravity model set the
schedule, but all other pending issues also habe tosed before then. A detailed work-plan wal b
established to achieve this goal.

Best orbits versus TOPEX/Jason-1 intercalibration

Even though the standards listed above have bdeates# to guarantee the best precision for the
Jason-1 orbit, they will not reach their full pai@hon TOPEX because of significant differences in
tracking, solar radiation pressure modeling, lastoreflector geometry, etc.

Results show that the relative calibration betw#en TOPEX and Jason altimeters is sensitive to
minor orbit differences. The best Jason orbitsrexenecessarily the ones that will minimize those
differences as there are systematic errors lethath orbits. In addition, between TOPEX orbits
produced by NASA/GSFC and Jason orbits produce@MES there are additional differences due

to software and data selection.
TOPEX orbits from CSR; Jason orbits from CNES TOPEX and Jason orbits from CSR

Ascending

Ascending

R

Descending

Figure 4.Difference in sea surface height between TOPEX anthson-1 computed using orbits

from different analysis centers (left) or orbits from the same center (right) (courtesy J. Ries)
Figure 4 compares the difference in sea surfagghhbetween TOPEX and Jason-1 computed with
orbits from different groups (on the left, TOPEXbbrfrom CSR, Jason-1 GDR-b orbit) and with
orbits from one center (on the right, both orbitai CSR). Even though the GDR-b orbits for Jason-
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1 are intrinsically more precise than the CSR erhibhe difference in sea surface obtained using
consistent orbits for TOPEX and Jason-1 offers ahralearer view of the ascending and descending
patterns. In order to minimize orbit-induced errorsthe altimeter intercalibration work, it might
therefore be helpful to produce Jason-1 orbitsedzffit from those of the GDRs. These orbits could
be fine tuned by NASA and CNES to be as consisasnpossible with the existing orbits on the
TOPEX GDRs. Inputs from users are needed at thrg ppknow whether this would be helpful.
Evaluation of geoid models for marine applications

This evaluation was limited to global gravity maogléhat could be used to degree and order 360. This
included EGM96, GGMO02C, EIGEN-CGO01C, EIGEN-CGO03(re-release version of the EIGEN-
GLO4C model and a preliminary combination field meleased to the public, TEST05. GGM02C
used a previously available covariance (TEG4 tox200) to constrain the higher degrees to
EGM96, allowing a smooth extension to 360 usingEGM96 coefficients above degree and order
200. The other four GRACE models directly ingessedface information. The EIGEN solutions
used a special band-limited combination method twmhkine the CHAMP/GRACE or
GRACE/LAGEOS gravity information with the surfac@farmation. TESTO5 is a rigorous
combination of the GRACE information (from GGMO02& 160x160) with full 360x360 surface
information equations. All GRACE geoid models shewormous improvement over previous
models at the longer wavelengths, up to approxipakegree 110; at that point, surface information

is required. A comparison of two of the best avddageoid models is shown in Figure 5, where the

statistics as a function of spherical harmonic degre shown.
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Geoid (EGM96)
GGMO02C
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Figure 5. Comparison of selected GRACE models with EGM96-4®4C refers to EIGEN-
GLO4C).

In Table 2, we compare the implied geostrophicents (400 km smoothing applied) computed from
various geoid models with the World Ocean Atlas2Q®WOAOQ1) data (relative to 4000 m, courtesy
of V. Zlotnicki). EIGEN-GL04C and TESTO5 performettbest in this test. To test the quality of
these gravity models over the ocean at even shweeelengths, we can calculate the global RMS of
the residual geoid after removing a model for theamdynamic ocean topography, i.e. (MSS —
WOAO1 DOT - geoid model), for different wavelendgiltering (shorter and longer than 300 km).
We calculate this RMS only along the new T/P grdrauk, so that no solution has an advantage. We
see in Table 3 that EGM96 actually performs quiédl at the shorter wavelengths, and only TEST05
matches it. Not surprising, since GGM02C was extentb 360x360 using EGM96, it performs
nearly the same. EIGEN-GLO04C is a significant inyarment over the earlier EIGEN models.

Table 2. Geostrophic currents comparison; a higher corcglahdicates greater accuracy.

Model Standard Deviation (cm/s) Correlation
(400 km smoothing) Zonal Meridional Zonal Meridional
EGM96 8.2 7.0 0.352 0.288
EIGEN-CGO01C 3.2 3.8 0.905 0.398
EIGEN-CGO03C 2.9 3.2 0.921 0.494
EIGEN-GL04C 3.0 3.0 0.915 0.542
GGMO02S 2.9 3.4 0.919 0.464
GGMO02C 3.0 3.2 0.914 0.481
TESTO05 2.9 3.1 0.919 0.522

Table 3.Global RMS of residual geoid (MSS — WOAO1 DOT -eigemodel) along the new T/P
groundtrack for different wavelength filtering. Meshave been removed along each altimeter pass
before computing the RMS. GGMO02C extended to 360x88h EGM96. Units in cm.

Model > 300 km < 300 km
EGM96 10.2 13.5
EIGEN-CGO1C 10.6 14.4
EIGEN-CGO03C 10.8 14.5
EIGEN-GL04C 9.0 13.9
GGMO02C 8.5 13.6
TESTO05 8.4 13.5

The problem with GRACE combination models has bbenappearance of north-south ‘streaks’ or
‘striations’, a consequence of the sectorials amehr-sectorials’ of the gravity field model being
more susceptible to long-wavelength dynamical oebibrs. Consequently, for a given degree, the
near-sectorials tend to have a larger uncertainty @ntain more error than the ‘near-zonals’. The
challenge is in the transition from the GRACE imi@ation to the surface information. As TESTO05
demonstrates, a rigorous combination of GRACE améhse information (using a complete set of
partial derivatives from both information setspalk the surface information to have more influence
on the less-well-determined near-sectorials. Thmuilteis a significantly better marine geoid at
wavelengths longer than 300 km. At wavelengthstehdhan 300 km, the GRACE information in
TESTOS is not negatively affecting the marine gemduracy.

The effect of the errors in the near-sectorialgsf@marine geoid is evident in Figure 6, where the
short-wavelength marine geoid residuals are plotiéte residuals are the difference between a
‘high-frequency DOT’ defined as (GSFCMSSO00 — geaidd the smoothed version of the same DOT
(smoothed to ~900 km). The residuals represensitpeals in the MSS not modeled by the long-
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wavelength geoid. Note that all GRACE-based magie@d models show evidence of the striations,
although they are significantly reduced with GGM02al further reduced in TESTO05 and EIGEN-
GLO4C. This is consistent with the results showTable 2. Note also that the EGM96 geoid has
essentially no residual signal in the areas ofGh# Stream, the Kuroshio current, or the equatoria
currents. This is because the signal has beeredlisgo the long-wavelength portion of EGM96
geoid.

We note that while TEST05 and EIGEN-GL04C have ificantly reduced striations, other artifacts
have appeared. Both have an undesirable artifattbe Tonga-Kermadec trench. TESTO5 also has
an artifact over the Mariana trench, while the mlease version of EIGEN-GL04C has a ‘ringing’
feature off the northwestern coast of Africa (coteel in the final release).

Because all the currently available GRACE modeftesdfrom striations or other artifacts, a solution
is to smooth the topography to a level where tHesd¢ures disappear. Chambers and Zlotnicki
showed that a 440 km smoothing (spatial Gaussidm avihalf-width of 220 km) was sufficient to
remove the striations from GGMO02C but retain th@amant oceanographic signals (see additional
details at http://gracetellus.jpl.nasa.gov/dot.htrkigure 7 demonstrates this smoothing applied to
the residual sea surface signals from GGMO02C anGERIGLO4C. The results are nearly
indistinguishable after smoothing and demonstria& these geoids are good to approximately 400
km resolution for marine applications.
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Figure 6. Short-wavelength sea surface residuals for (aEHN®&GO03C, (b) GGMO02C, (c) EIGEN-
GLO4C, (d) TESTO5 and (e) EGM96.

Figure 7. Smooth residual signal using a spherical harmexjpansion of (left) GGM02C/EGM96
and (right) EIGEN-GLO04C to degree/order 360.

Marine geoid summary
All GRACE-based models evaluated show some probigitisstriations or artifacts over the ocean
areas. The challenge remains in the proper combimat GRACE and surface information in such a
way as to suppress the tendency of the higher degrens in the GRACE solutions to produce
significant ‘meridional striping’ and other artifacn the geoid. For now, some level of smoothsg i
required. The amount of smoothing will depend oncWIGRACE geoid model is used, but the better
GRACE models are good to approximately 400 km rd&oi. Of the available geoid models,
GGMO02C and EIGEN-GLO04C appear to perform best dveEAGEN-GL04C should be a good
choice for POD and marine geoid applications.

Splinter Talks:

14:00 | Introduction
J.-P. Berthias / J. Ries

14:10 | Jason-1 POD status and performance
F. Mercier

14:25| TP and Jason-1 POD evaluation
J. Ries

14:45 | Improvement of the complete TP and Jason-1 orbi Series: current status
S. Luthcke

15:00 | GPS based orbit determination : Jason-1 status
W. Bertiger

15:15 | Analysis of Jason-1 orbit centering with SLR
L. Cerri

15:30 | Validation activities for Jason-1 and TP precidaitsr
P. Bonnefond

15:45 | Impact of SAA corrections on Jason-1 orbit quadity station positioning
J.-M. Lemoine

16:00 | Break (20 minutes)
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16:20 | EIGEN-CGLO04C: a global gravity field model for Jasb orbit computation and geoid
R. Biancale

16:35 | Assessing the impact of the time-variable parhefdlobal gravity field model EIGEN-
CGLO4C on Jason-1 orbit quality
R. Biancale

16:45 | GRACE mission status and latest results
J. Ries

17:00 | Precise Orbit Determination for GFO-1 in the GRA&#&
F. Lemoine

17:15 | Using altimetry and oceanographic in situ measurgsi®r geoid models assessment
P. Schaeffer

17:30 | Discussion of standards, other POD/Geoid issuasspl
All
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Tides and High frequency aliasing

(co-chaired by R. Ponte, R. Ray and F. Lyard)
March, 17, 2006

1. Tidal corrections (splinter report)
» Tidal model errors

Present global tidal atlases depart significantlyhie shelf and coastal oceans, and consequently
their accuracy can be questioned in those regwhsre there is strong expectation for altimetric
products use, either for scientific or for operatiband commercial applications. Several groups
are presently addressing the issue of the impromemithe tidal corrections in shelf/coastal
regions by developing high resolution regional nmied®esides better representation of the
smaller tidal wavelength in the shallow watersjorgl models should allow for the inclusion of
non-linear tides, which amplitudes can reach derimgalues, eventually larger than the main
astronomical tides (such as the, bnd K tides in the English Channel). Dedicated regional
multi-mission altimetry tidal database are beingcpgssed. Because of the shelf/coastal regions
characteristics, improved data treatment and aisabye being developed to insure adequate
accuracy of the harmonic constants.

» Tidal prediction algorithm improvements

The tidal corrections need to be processed withbtst possible algorithms. Continuing efforts
are made to improve and validate those algoritteush as astronomical terms tabulations. The
long period tide’s corrections are still problematin theory, the long period tide solutions
computed from hydrodynamic simulations will perforbetter than the equilibrium tide
approximation (especially in the equatorial andyvkigh latitude regions). Nevertheless, the
investigations conducted so far are not conclusind, additional work is needed.

* Inclusion of internal tides in tidal corrections

In some regions, the surface signature of the natetides reaches several centimeters with
0O(100) km wavelengths and therefore is a signiticamtributor to the global de-aliasing error

budget. Part of this signal is already spatialigs®d into the tidal models, but most of it is left
uncorrected. Some encouraging results from 3D nsoale available in regions of phase locked
internal tides (such as Hawaii), but there are hortsterm perspectives for global ocean
corrections.

2. Non-tidal HF corrections (splinter report)

» Barotropic high frequency correction (J. Dorandeu, CLS)

The HF correction recommended by the SWT basedhe@MOG2D barotropic model has been
implemented and validated. The use of the MOG2mukitions instead of the inverted
barometer approximation improves the high latitade shelf/coastal corrections, reduces long
wavelength errors, and produces closer agreemetwebe altimetry and tidal gauge
observations. The new HF correction is availabl@eew Jason-1 and ENVISAT GDRs and re-
processing for the whole T/P period has been caexgbland will be included igeophysical
SSALTO component developed for new TOPEX data (RGPRCallahan)

» Baroclinic high frequency effects (R. Ponte, AER)
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The contribution of barotropic signals to the hifgiguency sea surface variations diminishes in
the tropical and equatorial ocean where baroclidmamics become more important.
Improvements can be expected in low latitude ctioes by taking baroclinic contributions into
account. Further developments and evaluation adatkto assess the efficiency and real impact
of such a correction in future data processing.

* Combined model-data products (J. Lamoroux, LEGOS)

The barotropic simulations used to correct thequesand wind related high frequency dynamic
are presently assimilation-free, and their accudegyends on the accuracy of the meteorological
forcing (presently ECMWEF) and the hydrodynamic moclearacteristics (numerical schemes,
spatial resolution, etc.). Similarly to the tidédse error budget tends to increase in the shelf and
coastal oceans, with a significant impact on dasalig corrections in those regions. A similar
picture can be drawn for the high latitudes regiomsere the atmospheric forcing get stronger,
with smaller horizontal scales. As demonstrated Mortheast Atlantic experiment, the sea level
and current data assimilation improves the accucddyne barotropic simulations. The coastal
regions require an adequate assimilation appro@&dause of their more complex dynamics
(anisotropic, non-stationary, etc.).

» Coastal altimetry (J. Bouffard, LEGOS)

Preliminary experiments show that the satellitemadtry products are valuable for coastal

circulation studies, provided that accurate HF ecirons are applied to the observations. The
good coherence between altimetry and tidal gauli@ssaa combined use of these observations.
In fact, the combination of altimetry and tide gaugpservations is a very promising product to
control and validate the coastal circulation models

3. Recommendations
* Address the issue of tidal/HF model errors estimates

A special effort is needed to provide the useraltietry products with synoptic error bars on
the tidal corrections. One suggestion is to takeaathge of the multiple satellite altimetry
missions to estimate tidal model accuracy by comguhe harmonic misfits for the major tidal
constituents. The accuracy of the satellite tinmeeseanalysis can be assessed by computing the
multi-mission crossover misfits. The authors o&tichodels based on assimilation techniques are
encouraged to publish the formal posterior err@sved from their assimilation procedure. The
various model error estimates should be synthes@@dovide users of altimetry products with a
global tidal correction error map. A similar effastneeded for the HF correction. Unlike for the
tidal issue, the accuracy of the HF correctiordifficult to derive directly from the satellite
observations. Tidal gauge data should provide lacalracy estimates, but with a very limited
correlation to the actual accuracy in the deep rocas suggested to develop and implement
data assimilation techniques for the hydrodynamiclels and to examine the formal posterior
errors.

» Promote coastal region investigations

The improvement of the tidal/HF corrections in §leeid coastal regions is one of the major
challenges for the next years. This is possibleutin the development of precise regional
models. Because of the large number of regionsrbatl such a particular treatment, and to
promote cross-validation efforts,non OST tidal grewshould be encouraged to join into a
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cooperation/competition working group. A large coumity is needed to gather accurate data
(bathymetry, TG, altimetry), and develop tools axgertise. All feasible approaches should be
encouraged, including a variety of hydrodynamic eieq2D/3D) and assimilation techniques. It
is also necessary to investigate patching methodsder to include regional improvements into
the global tide and HF corrections.

« Estimate internal tides effect in GDR’s SSH

Provide users with internal tide surface signatgrieded information (amplitude, coherence,
wavelength, direction), together with an estimdtaraertainty. In some ocean regions, this may
not be feasible because of large non-tidal noiseluding effects of eddy noise in boundary
current and other regions.

* Aliasing/future missions

The tides/HF group has been solicited to providacadon future mission orbits (ground track
and repitition pattern) and technology. The masués that need to be examined are the tidal
aliasing periods, constituents’ separation, missioration (the longer, the better) and the spatial
resolution. From the discussions at the splintemes preliminary recommendations were made,
such as:

* Avoid sun-synchronous orbits

» Favour the wide swath altimetry for internal tidsues and coastal regions

» Favour new ground track in case of nadir altimélason-3), or at least the T/P interlaced
ground track to take profit of the already existotzservations

Nevertheless, it is necessary to investigate mgstematically the possible scenarios before
issuing more definite recommendations.

Splinter Talks

08:30 | Introduction (R. PONTE, R. RAY, F. LYARD)

08:45 | Consistency of along-track tide estimates
R. RAY

09:00 | Tidal Solution TPXO.7
G. EGBERT

09:15 | Long Period Tides
F. LEFEVRE

09:30 | Regional Tidal Models and Altimetry Analysis
F. LYARD

09:45 | Discussion on tides
All

10:00 | Coffee break

10:30 | Improvements in Multi-mission Altimeter Products lging MOG2D High Frequency
Corrections
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10:45

Baroclinic Effects and High Frequency Correction
R. PONTE

11:00

Data Assimilation in a Storm Surge Model
J. LAMOUROUX

11:15

Intercomparison of Altimetry, Tide Gauge and Cietidn Model in the North-Wester