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Executive Summary

The 2010 OSTST Meeting was held in Lisbon, PortegaDctober 18-20. The meeting was the
central part of a 10-day program of altimetry wdndgss, starting with the Coastal Altimetry
Workshop in Porto, Portugal on October 14-15, dvaoh tthree events at the Lisbon International
Fair: the Ocean Surface Topography Science Tearit $D0pmeeting on 18 — 20 October 2010,
followed by two workshops on 21 — 22 October 20H altimetry Workshop “Towards High-
Resolution of Ocean Dynamics and Terrestrial Serfaaters from Space”, and in parallel, the
International Doris Service Workshop (IDS).

The three eventsat Lisbon were co-hosted by the CNES, EUMETSAT #rel DS, with the
support of LEGOS. The primary objectives of theT@$ meeting were to (1) provide updates
on the status of Jason-1 and OSTM/Jason-2 (hereddt®on-2), (2) review the progress of
science research, (3) conduct splinter meetingshenvarious corrections and altimetry data
products, (4) discuss the science requirementsfuture altimetry missions, and (5) make
recommendations on the choice of orbit for the Bfitife period of Jason-1, and for the Jason-
CS series of altimeters. This report along withtlaé presentations from the plenary, splinter,
and poster sessions are available on the AVISO iwebsttp://www.aviso.oceanobs.com/
[ostst/.

OSTM/Jason-2 was launched in June 2008 on the former groundktaf Jason-1 and
TOPEX/Poseidon. All systems are in excellent cbowliand the satellite is operating nominally.

The calibration and validation of the Jason-2 GDRadshow that all the missions meet the
requirements. However, some discrepancies have leghlighted, in terms of mean

geographically correlated errors or mean sea loeeld, and need to be further investigated.
Moreover, the need for improved long-term wind spdane series for climate studies
highlighted that this quantity should be more oaaltgf calibrated and validated with

homogeneous standards for the different missiorf®e Tong-term stability of on-board

radiometers continues to be a key issue for highracy altimetry.

The origin of the relative range bias between Jdsand Jason-2 (~85 mm) has been discovered
recently and presented at the Seattle OSTST (sgmitfary of the in situ analysis key findings”
in section 9.1.2): it comes from an error in soraeameterization files on Jason-1 and Jason-2
discovered by the project. Correcting these emdlisncrease the absolute Jason-1 bias from 85
mm to 205 mm and that of Jason-2 from 170 mm to @b This needs further investigation
(notably on the C band) but, if confirmed, botheldies are measuring sea surface consistently;
within 1 cm of each other. Both are about 20 cmhéighan T/P. The biases to be applied to
both Jason-1 and Jason-2 will not be included & ¢hrrent products (GDR-C and GDR-T
respectively for Jason-1 and Jason-2) to maintamiruity. So for the moment, Jason-1 will

be maintained with its 85 mm bias with respect to /P, and Jason-2 with its 170 mm bias.
However, the reprocessed Jason-2 products (GDR»Ge issued in mid 2011) will be corrected
for the 25 mm bias found (sea level will increage2b mm). CNES has ongoing work analysing
the root cause of the 195 mm Jason-2 absolutevbibgespect to Topex MSL. If this absolute
bias can be explained before the Jason-2 GDR_Geimmgitation, it will be corrected as part of
this reprocessing. The absolute bias values usedteirdifferent versions of the Jason-2 and
Jason-1 products will be communicated to the OSE®@ to the end users before the



reprocessing start€Concerning the Jason-1 bias, the 120 mm correetiirbe applied to the
next generation of the products (GDR-D).

The Jason-2 orbit comparisons between CNES and alPIGSFC solutions show minor
differences which are under investigation, and Em¥iSat/Jason-1 geographically correlated
signals emphasize the importance of having goodnoamcation between the CalVal and POD
communities for all altimeter missions.

Jason-1continues to exceed all Level-1 Science Requirgésnen its interleaved orbit, despite

the loss of a reaction wheel in 2003, tbss of the backup Processor Module B (PMB) in 2005
and the loss of a Gyro in March 2010. Both GPSivece (TRSR) have now failed, however,

Jason-1 POD continues to meet the mission requitenimsed on DORIS and LRA. Although

the mission lifetime is uncertain, the thermal, pownd propulsion systems all have significant
margins remaining.

One problem for Jason-1 is that it is in the sam®t @lane as TOPEX/Poseidon (T/P) (non-

operational), OSTM/Jason-2 (operational) & Jasofplanned). T/P is inoperable, and has a
nearly-full tank of hydrazine (~200kg) that canbetdepleted. Since Jason-1 is single-string on
several key component systems, the permanent famseoof these key components would end
the mission and could possibly leave Jason-1 aavith ~22 kg of hydrazine onboard. Under

joint agency direction, an End/Extension-of-LifeQE) Joint Working Group was established in

early-2010 to study future options for Jason-1.

The following actions and strategies were apprdsethe Joint Steering Group in July 2010:

* That Jason-1 should remain in its current intemelworbit until another high-accuracy
repeat-track altimeter is launched and validatétbst likely to be SARAL/AltiKa in
June 2011 + 9 months Cal/Val), with a science renendation to be provided by the
OSTST meeting in October.

 To immediately begin a fuel depletion campaign taigate the intrinsic explosive
breakup risks.

* To develop and implement emergency decommissiorpngcedures to move to
graveyard orbit in the event of a sudden missiatirenfailure.

In line with this, in July 2010, a series of manetswere performed to deplete the Jason-1 tanks.
70% of the desired depletion goal had been achjevieen a problem occurred with one thruster.
The depletion campaign was suspended, and thetehnuoblem is currently being evaluated.
Jason-1 continues to provide excellent qualityremedata on its interleaved orbit.

The results of the End/Extension-of-Life (EOL) Xdiorking Group, whose task was to study
future orbit options for Jason-1, were presentedifscussion by the OSTST on Wednesday 20
October. The OSTST endorsed the actions and seatagproved by the JSG in July, with the
science recommendation to remain in its currerdrieaved orbit until another high-accuracy
repeat-track altimeter is launched and validated, then move to an appropriate geodetic orbit.
An overview of the presentation and discussionparowided in detail in section 5. The formal
recommendations are given below.



A series of discussions were also undertaken coimgerthe choice of a future orbit for the
Jason-CS series of altimeters. During the OSTST meetings tbpic was discussed in the
different splinter sessions, a special townhall tngewas held on 19 October to discuss the
different Jason-CS orbit options, and the resukésewpresented with a final discussion in a
plenary session on 20 October. After much discasgtee majority of the OSTST supported the
overriding importance of maintaining the precisenake record of sea surface height time series,
and agreed that Jason-CS should stay on the 1336fknence orbit flown by TOPEX/Poseidon
and Jason-1, 2, & 3. Secondary considerationsdeduhe lack of a clear net scientific benefit
of a change of orbit, and the challenges of cdiibga& validating a precise climate record
without the formation flight period between Jaso&-3ason-CSThe formal recommendations
are given below.

At the 2009 OSTST Meeting in Seattle, the radiomatas identified as the largest source of
error in the estimate of global mean sea level, amgécommendation was made that future
altimetric missions work on improving thradiometer stability. The OSTST considered the

mean sea level requirements and performed an assesef current techniques to meet the long
term radiometer stability requirement. JPL is periiog a feasibility study to address long-term
radiometer stability for Jason-3, which is currgnihder development. This study and others
were discussed in the plenary session on 20 Octabhdrthe recommendations are given below.

Sevenkeynote lectureswere given during the meeting, on a wide rangeltohatric subjects.
Three talks addressed a variety of different altimgrogrammes and projects. Charles Elachi,
the Director of JPL, gave an overview of preserd anure satellite oceanography projects at
JPL. Jacques Verron, Project Scientist for SARALiKd, presented the status of the
CNES/ISRO SARAL/AltiKa Ka-band altimeter projecthi$ mission is to be launched in 2011,
and will provide finer alongtrack resolution measuents over the oceans, and coastal and
hydrological surfaces. Joanna Fernandes, then @awwerview of the main results discussed at
the 4" coastal altimetry workshop.

In preparation for the upcoming altimeter missialean-Claude Souyris presented an overview
talk explaining the technical aspects of Ka-baridnaitry, and the SAR and interferometric SAR
modes which will be used on the upcoming missiang.( SARAL/Altika and SWOT in Ka-
band, SAR mode on ENVISAT and Cryosat-2, interfegtim SAR on SWOT). Two science
talks presented some recent results on Indian Osearevel change in a warming climate (W.
Han) and an example of an operational predictiothefregional ocean circulation near the Mid-
Atlantic Bight (J. Zavala-Garay). A plenary keyntédk from high-school students in the Midi-
Pyrénées region demonstrated how altimetry wasgbeged in school projects to help track
drifting buoys, including buoys that were built the students.

A special presentation was made of the an@@EPAR International Co-operation meda|
given jointly to Lee-Lueng Fu and Yves Menard. Thisdal is awarded to scientists who has
made distinguished contributions to space sciendewdnose work has contributed significantly
to the promotion of international scientific coogigon. The presentation was made by J.L.
Fellous, Executive Director of COSPAR, in the prese of their families. Felisa Menard
accepted the award on behalf of Yves.



Recommendations from OSTST in Lisbon, Oct 18-20, 20

Recommendations concerning Jason-1 Extension of kif

During the OSTST meeting, the science recommenuafar the Jason-1 end-of-life orbit were
discussed in the different splinter sessions, anthé plenary meeting on 20 October. These
discussions considered the scientific value of ddsm its tandem mission, the errors induced
by moving Jason-1 away from its long-term repeatky and Jason-1's role in the present and
future constellation of altimeters. The followingcommendations were adopted by the entire
OSTST :

1) Jason-1 Recommendation :

In light of the move of ENVISAT to a new orbit, &hd current gap in exact repeat, high

inclination altimeter data, moving Jason-1 to areahative orbit would cause unacceptable
errors for users of high-resolution SSH observatialue to a combination of asynchronous
sampling with Jason-2 and errors in gridded meaa serface products. The Ocean Surface
Topography Science Team therefore recommendsdbkandl be maintained on its current orbit
until data from the upcoming SARAL/AltiKa missi@m de validated. However, because the
Science Team recognizes the broad scientific vafl@egeodetic mission for Jason-1, we further
recommend that Jason-1 be moved to a geodetic oriite range of 1286 +/- 2 km, or a

suitable geodetic orbit in line with the spacecsaftapabilities at the time, after data from

SARAL/AltiKa is validated.

2) Altimeter Constellation Recommendation : CryoSa2

Although it is recognized that CryoSat2 is primaria cryosphere mission, the OSTST
recommends that all efforts be made to make availedlidated Cryosat2 GDR and IGDR data
over ocean surfaces to scientific users, for tloeurcial use in multi-mission altimetric ocean

applications, and for improving the ocean mean s@adace.

3) Altimeter Constellation Recommendation : SARAL/Atika

The OSTST recognizes that the SARAL/Altika misgitbrbe an essential component of the
altimetry constellation from 2011 onwards, re-geging the long-term ERS and ENVISAT
ground track. SARAL/Altika will also provide thesf demonstration of Ka-band altimeter
capabilities for fine resolution alongtrack applicans, including for coastal and inland water
applications, which will be further developed fdret future SWOT mission. The OSTST
recommends that all efforts be made to launch SAR®Ka as soon as possible in 2011.

Radiometer Drift Requirements :

The error budget analysis presented at the OSTSP Zeattle meeting showed that the
radiometer drift was the largest contributor to rallestability. At Lisbon, the discussion on the

radiometer drift requirement was presented in tesmgoals or requirements, depending on the
mission advancement. The objective is that futdtenater missions shall measure globally

averaged sea level relative to levels establishemhgl the cal/val phase with zero bias +/- 1 mm
(standard error) averaged over any one year period.



4) Jason-3 Drift Requirement Recommendation

The OSTST recommends that the Jason-3 projectncento study the feasibility of improving
the AMR stability through on board calibration filve Jason-3 mission.

5) Jason-CS Drift Requirement Recommendation

The OSTST also recommends that Jason-CS meetlthérfg requirement at the mission level:
Requirement: Jason CS shall measure globally ayesiasea level relative to levels established
during the cal/val phase with zero bias +/- 1 mraigglard error) averaged over any one year
period.

6) Recommendations concerning Jason-CS future orbit

Given the overriding importance of maintaining firecise climate record of sea surface height,
the challenges of calibrating & validating withdiarmation flight between Jason-3 & Jason-CS,

and the lack of a clear net scientific benefit aflenge of orbit: the OSTST recommends that
Jason-CS maintain the 1336 km reference orbit flowiT OPEX/Poseidon and Jason-1, 2, & 3.



1. Introduction

The 2010 OSTST Meeting was held in Lisbon, PortegaDctober 18-20. The meeting was the
central part of a 10-day program of altimetry wdndgss, starting with the Coastal Altimetry
Workshop in Porto, Portugal on October 14-15, dvah tthree events at the Lisbon International
Fair: the Ocean Surface Topography Science Tearit $Dpmeeting on 18 — 20 October 2010,
followed by two workshops on 21 — 22 October 20H altimetry Workshop “Towards High-
Resolution of Ocean Dynamics and Terrestrial Serfafaters from Space”, and in parallel, the
International Doris Service Workshop (IDS).

The meeting was opened by Lionel Suchet of CNESRadcois Parisot of EUMETSAT, who
welcomed the participants, and noted the long m@igonal co-operation of the OSTST group,
and their work in maintaining precise sea leveleobations for scientific and operational
applications, and the extension to the 4-partneneigs. They also introduced the celebrations
for the 20" anniversary of the DORIS measurements, which whedfocus of the IDS meeting
discussions on 21-22 October. Rosemary Morrow, LEGEnd Sophie Coutin-Faye, CNES,
presented the meeting overview and the practieairphg.

2. Program and Mission Status

L. Suchet introduced the programme managers tokspeathe status of altimetry and
oceanography programs at NASA, CNES, EUMETSAT, NGsdl ESA.

Peter Hacker represented Eric Lindstrom for the NABogram status. Amongst the NASA
altimetry program events, the SWOT partnershipois settled between NASA and CNES, with
an expected launch date in 2019. The 4-party MO&) leen signed between NASA, NOAA,
CNES and EUMETSAT for the upcoming Jason-3 missidth) an expected launch date in June
2013. Jason-CS orbit and the Jason-1 end-of-libét oequirements are to be discussed at the
present OSTST meeting in Lisbon. The call to carcstthe new OST Science Team for the next
4 years will likely appear in NASA’'s 2011 ROSESisithtion, with proposals due in March
2012.

Eric Thouvenot reported on the CNES altimetry paogrwith a focus on the operational
outcome of altimetry, with CNES/SALP supporting theson-1, Jason-2 series and preparing for
the future SARAL/Altika, Jason-3, Jason-CS, and SWONES also contributes DORIS and
data processing for the ESA altimeters ERS-2, EMMI&nd Sentinel-3, and for the future HY-
2A (with the Chinese Space Agency CNSA). In additsupport is given to operational
oceanography groups such as Coriolis and Mercaiernoted that SARAL/AItIKa is tentatively
scheduled for launch in mid 2011. The CNES payloastiule is ready and waiting for the
delivery of the ISRO platforniThe PI selection process has been undertaken,atehfs were
selected, and the Cal/val plan and science pladrafeed. An international workshop is planned
in 2011 in India (TBC by ISRO)

F. Parisot and S. Wilson discussed EUMETSAT and W@Anvolvement in altimetry programs
with a focus on Jason-3 and it potential follow-a@lason-CS. For Jason-3, the 4-agency
partnership is the same as for Jason-2, but withAN@nd EUMETSAT — operational agencies



— taking the lead. The launch date in mid 2018 igllow at least a 6-month overlap with Jason-2.
After Jason-3, the Continuity of Service prograras@h-CS) will be the follow-on Reference
Mission, spanning a 15- to 20-year period, but vatmew satellite bus based on the ESA
Cryosat-2 platform. The choice of altimeter maychanged to take into account the most recent
technology, and the choice of orbit also needsetaldcided. The scientific requirements for the
orbit will be discussed during the OSTST in Lisband the final decision will be made by the
agencies in early 2011.

J. Benveniste gave a presentation on the statusSéf missions. GOCE was successfully
launched March, 2009, and is working well. Firgeace assessment shows good results, three
gravity field solutions are already available o tBSA website, and a user toolbox is also
available, see: http://earth.esa.int/goce. Cryoss launched in Apr 2010. The priority is to
provide data over the cryosphere, but early restdta the SAR Altimeter Ocean Retracker are
promising. Data may be available to users in e20ly/1. A validation workshop for Cryosat data
will be held in ESRIN/ESA 1-3 February 2011. SM®@&s launched in November 2009.
Preliminary results of ocean salinity show an aacyrof 0.5 psu at 25 km resolution, though the
validation phase is still ongoing.

ENVISAT, now 8-years old, will enter a new orbit @ct 2010, and has been financed for a
further 3 years. The new orbit will be at 30 dapeat, with a slowly drifting inclination. First
data products on the new orbit will be availablenfrearly November, with validated products
available in January 2011. Sentinel-3 is under ldgveent. ESA has started the “Climate
Change Initiative” in response to requirementsosegtby the Global Climate Observing System
reports. One of the essential variables to be romtis sea level change, and the altimetry
component is essential. A brief outline of thipiesented later.

3. Jason-1/2 project and program status

T. Guinle provided an overview of Jason-2 staflise second Jason-2 REVEX was held in May
18-20, 2010 at the Toulouse Space Center. Thdisatsloperating well and all instruments are

fully operational after two years of the missiomhe core payload is fully operational, and the

passengers are behaving well. 100% of the IGDRGD& products have been archived, and
distributed via CNES AVISO and NOAA data servicesusers (from mid January, 2009 for the

IGDRs, from 5 August 2009 for the GDRs). All satelland system performances requirements
are fulfilled with large margins.

G. Shirtliffe provided an overview of Jason-1 sgatdason-1 continues to exceed all Level-1
Science Requirements on its interleaved orbit, itkespe loss of a reaction wheel in 2003, the
loss of half-satellite (PMB) in 2005, and the la$sa Gyro in March 2010. Both GPS receivers
(TRSR) have now failed, however, Jason-1 POD caetinto meet the mission requirements
based on DORIS and LRA. Although the mission ilifiet is uncertain, the thermal, power and
propulsion systems all have significant margins aiefng. In Sept 2009, the NASA Senior

Review Panel recommended that funding for Jasoa-éxtended to 2013, with another review
scheduled for 2011. OGDR-SSHA products, providiegr-real-time (NRT) sea surface height
anomaly (SSHA) measurements, have been reinstai#iu,orbits based on the DORIS and



Laser tracking rather than GPS. Anhanced JMR Data Product is also now availabliken
coastal region, similar to the J2 product.

Some data outages occurred in September 2009 wkesatellite went into safehold mode, in
cycle 305 from a gyro anomaly, in cycles 310 & 3Bn attitude control excursions, and during
July-August 2010 during the fuel depletion campaign

One potential problem for Jason-1 is that it ishe same orbit plane as TOPEX/Poseidon (T/P)
(non-operational), OSTM/Jason-2 (operational) &oda3 (planned). T/P is inoperable, and has a
nearly-full tank of hydrazine (~200kg) that canbetdepleted. Since Jason-1 is single-string on
several key component systems, the permanent fomseoof these key components would end
the mission and could possibly leave Jason-1 aavith ~22 kg of hydrazine onboard. Under
joint agency direction, an End/Extension-of-LifeQE) Joint Working Group was established in
early-2010 to study future options for Jason-1.

The following actions and strategies were apprdyethe Joint Steering Group in July 2010:

* That Jason-1 should remain in its current inteelawerbit until another high-accuracy
repeat-track altimeter is launched and validatétbst likely to be SARAL/AltiKa in
June 2011 + 9 months Cal/Val), with a science renendation to be provided by the
OSTST meeting in October.

 To immediately begin a fuel depletion campaign taigate the intrinsic explosive
breakup risks.

* To develop and implement emergency decommissiorpngcedures to move to
graveyard orbit in the event of a sudden missiatirenfailure.

In line with this, in July 2010, a series of manexswere performed to deplete the Jason-1 tanks.
70% of the desired depletion goal has been achjevieeh a problem occurred with one thruster.
The depletion campaign was suspended, and thete¢hnquoblem is currently being evaluated.
Since then, the Jason-1 science data continuesé@ the requirements.

4. Keynote Talks

Seven keynote lectures were given during the mgetin a wide range of altimetric subjects.
Three talks addressed a variety of different altitmg@rogrammes and projects. Charles Elachi,
the Director of JPL, gave an overview of presertt rture satellite oceanography projects at
JPL. Jacques Verron, Project Scientist for SARALKd, presented the status of the
CNES/ISRO SARAL/AltiKa Ka-band altimeter projecthi$ mission is to be launched in 2011,
and will provide finer resolution measurements otrer oceans, and coastal and hydrological
surfaces. Joanna Fernandes, then gave an overfiibe main results discussed at tffecéastal
altimetry workshop.

In preparation for the upcoming altimeter missialean-Claude Souyris presented an overview
talk explaining the technical aspects of Ka-baridnaitry, and the SAR and interferometric SAR
modes which will be used on the upcoming missiang.( SARAL/Altika and SWOT in Ka-
band, SAR mode on ENVISAT and Cryosat-2, interfestma SAR on SWOT). Two science
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talks presented some recent results in Indian Osearevel change in a warming climate (W.
Han) and an example of an operational predictiothefregional ocean circulation near the Mid-
Atlantic Bight (J. Zavala-Garay). A plenary keyntédk from high-school students in the Midi-
Pyrénées region demonstrated how altimetry wasgbeged in school projects to help track
drifting buoys, including buoys that were built the students.

The Keynote talks can be found on the AVISO webaite http://www.aviso.oceanobs.com
[ostst/.

MONDAY 18 OCTOBER 2010 : Keynote Talks

11:00 JPL & satellite oceanography C. ELACHI (JPL)

11:15 SARAL/AltiKa — Ka-band altimetry over oceans, | J. VERRON (LEGI)
coastal and hydrology surfaces

11:30 Indian Ocean Sea level Change in a Warming | W. HAN (University of
Climate Colorado)

11:50 Coastal Altimetry Meeting Report J. FERNANDES

(Universidade do Porto)

14:00 Upcoming altimeter measurements : explaining Ka- | J.C.SOUYRIS (CNES)
band, SAR mode, interferometric SAR.

TUESDAY 19 OCTOBER 2010 : Keynote Talks

8:45 Operational prediction of the Mid Atlantic Bight ocean | J. ZAVALA-GARAY
circulation (IMCS, Rutgers the State
University of New Jersey)

14:00 School presentations on altimetry applications

A special presentation was made of the annual CBSRaAernational Co-operation medal,

given jointly to Lee-Lueng Fu and Yves Menard. Thiedal is awarded to scientists who has
made distinguished contributions to space sciendenwdnose work has contributed significantly
to the promotion of international scientific coogigon. The presentation was made by J.L.
Fellous, Executive Director of COSPAR, in the prese of their families. Felisa Menard

accepted the award on behalf of Yves.

R. Morrow presented an introduction to the splirgessions, and an overview of the different
discussion points to be addressed during the nggetiainly concerning the potential change of
orbit for Jason-1 End-of-life phase (discussiors@ttion 5), Jason-CS (see section 6), and the
radiometer drift requirements for future missiossg section7).
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The first special issue on OSTM/Jason-2 Cal/Vaultes
has just been published Marine Geodesydedicated to

VOLUME 33 » Supplement 1 # 2010

the late Dr. Yves Menard. George Born ai MARINE
Subrahmanyam Bulusu were Guest Editors. Twenty-f GEODESY
papers addressing early CalVal and science reuwiitks T

Jason-2 data were included, and copies are bg SRS A

Rongxing Li cdtorinchisr  Geore H.8om & Sutrahmanyam Bulusu, Guest Editors

distributed to authors.

ASHA0FO ANNYIN

A second OSTM/Jason-2 special issue is planned_28n(
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Supplemental Issue on
OSTM/Jason-2 Calibrasion/Validation

5. Plenary Session on Jason-1 end of Life orbit
Chairs : J. Willis and R. Morrow

Jason-1lcontinues to meet and exceed all Level-1 ScieregpiRements on its interleaved orbit,
and is providing valuable science returns.

Concern had developed at both CNES and NASA thagngits age, the Jason-1 spacecraft
could fail in a way that it could become uncon@ble. If this happens in its present orbit there
is a risk that the spacecraft could collide withpiece of debris, with Jason-2, or with
TOPEX/Poseidon, which shares a similar orbit aralge no longer controllable. In fact, Jason-
1 and TOPEX/Poseidon have already had one closeueter since the end of the
TOPEX/Poseidon mission. Although it is not cert#mat such a collision would result in a
catastrophic break up, if it did the resulting delmould jeopardize the Jason-2 mission as well
as any future altimeter missions in this same orBi under joint agency direction, an
End/Extension-of-Life (EOL) Joint Working Group weastablished in early-2010 to study future
options for Jason-1. Within the Jason-1 EOL Joirdrkhg Group, a Science Subgroup was
established in April 2010 with the following goals:

— To summarize the scientific value of Jason-1 indineent tandem orbit

— To solicit US and French agency assessments asdieace and operational value of
the current tandem orbit

- To investigate alternate mesoscale and geodetianosgience orbit options and
limitations within the range of possible Jason-liitochange (1336 + 180 km)

- To provide science recommendations on the timing daration of future mission
activities
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The subgroup members were : Ole Andersen, Jean-Barhias, Pierre Brasseur, Don
Chambers, Gerald Dibarboure, Dudley Chelton, Gillesnicol, Eric Leuliette, Pierre-Yves

LeTraon, John Lillibridge, Florent Lyard, Laury N, Steve Nerem, David Sandwell, Remko
Scharroo, Detlef Stammer, Lee Fu, Juliette LamBwsemary Morrow, Josh Willis.

In terms of science priorities for Jason-1, themary goal is to provide high-resolution SSH
observations for both science and operational netds 2009 NASA Senior Review Panel
noted that the science value of Jason-1 was odisignand that the operational and applied
utility was very high. In addition, they also notétle unique orbit of Jason-1, currently flying in
formation with Jason-2/OSTM, and expressed contehthe value of the orbit may justify a
conservative approach to mission extension andrdegssioning.”For a synoptic view of the
ocean mesoscale signal, at least 3 co-ordinatédeddr missions are needed (Jacobs et al.,
2001), with 2-3 altimeters necessary for delayeddenstudies, and 3-4 for operational
applications (Pascual et al., 2006). Jason-1,imtérleaved track, provides optimal sampling of
the mesoscale field with respect to Jason-2, an@lss an integral part of the present
constellation of altimeters.

Members of the science subgroup identified a patesécondary goal for Jason-,1: to improve
the marine geoid. The present resolution of altimdiathymetry maps do not resolve small
scale bathymetric features and fail to identifyagréhat may excite mixing and baroclinic tides,
or generate turbulence and dissipation. As an el@armppesent maps resolve only a few thousand
seamounts, whereas there are probably between®ar@D100 000 seamounts that are currently
invisible in the existing geodetic maps. GRACE &@fACE resolve only large-scale anomalies
(spherical harmonic degree < 200, or wavelengt®® im). This is because they measure the
gravity field at the satellite orbital altitude.at8llite altimeters measure the effect of the dyavi
field on sea level, so they can resolve much shedales.

The best resolution of marine gravity anomalies esrfitom using the along-track sea surface
slope, rather than using the height directly [SaelgwGR 1984; Olgiati et al.Bull. Geod,
1995]. The gravity calculation requires two honita components of sea surface slope, north
and east. The accuracy with which these can bairgat from an altimeter depends on the
latitude and the orbital inclination of the satelliBecause Jason-1 is in a lower inclination, its
track crossing angles near the equator are béterthose from the previous geodetic altimetric
missions, such as ERS-1 or CryoSat2, and are &omai to those of Geosat. So the Jason-class
altimeters present a unique data set for impromag@s of marine gravity anomalies.

13



Potential Gap in Multi-mission High-Inclination
Repeat-Track Altimetry
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With these two science objectives in mind, thedtlwonsideration was the role of Jasonl in the
present constellation of altimeter missions. J&a@Jason-1 provide precise repeat track data
on the long term reference orbit, and on the iateréd orbit, respectively. At the end of October
2010, Envisat was moved off the long term highiimation orbit established by ERS1&2, and
started a new 30-day orbit. Cryosat-2 data areyabtavailable over the oceans. Saral/AltiKa
will be launched in mid-2011 on the ENVISAT grouradtk, and the validated data will only be
available ~6 months after launch. So there is arm@tl gap in the altimetry constellation (See
Figure below). During 2011, precise repeat dath vélavailable from Jason-2, but less precise
data will be available from the new Envisat orfiihe J1-EOL science group also investigated
the potential impact of having non-repeat J1 alteaneata versus the more precise repeat-track
data for the altimeter constellation.

The Science Subgroup carried out several studidsteymine possible alternative science orbits
— Over 17,000 alternate repeat-track and geodetitsontere considered
— CNES identified 8 repeat-track orbits
e Fast repeat, low spatial resolution (5 day)
e Near-present repeat cycle (11 day)
e Long repeat, higher spatial resolution (20 day)
- Thousands of possible geodetic (very-long repaéijsowere analyzed

The Science Subgroup agreed that for oceanograpinposes (the primary science objective for
Jason-1), sampling characteristics should mimiceriirconfiguration as closely as possible
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Figure 5.1 : Moiré sampling pattern for one example : an Hydepeat EOL orbit (dashed
gray) and Jason-2 (Black). Blue shows regions wioeth satellites are optimally interleaved,
rose shows regions where both satellites duplitaespace coverage. Temporally, the satellites
also move in and out of phase. (G. Dibarboure, OSAEL0)

The present Jason-1/2 configuration was chosenvi agptimal sampling of a wide range of
oceanographic signals. Any new J1 orbit which isatdhe same altitude will have a sampling
pattern which is sub-optimal in either space, tonéoth (see Figure 5.1 above). All EoL are
largely inferior to the current tandem with at keas30% increase in mapping error from
sampling alone (Dibarboure et al., OSTST, 2010).

The J1-EOL science group also considered the palestors in sea level anomaly induced by
moving to a non-repeating groundtrack, or by movmg new repeat orbit (it may take 1-3 years
to construct a stable alongtrack mean sea surtigeending on the repeat period). For these
orbits, the SLA can be calculated from a griddecamsea surface, and two new MSSHs have
recently become available (DTU10, CLS10). In angecdhere is additional error from using a
gridded mean sea surface, from either product :
e Errorin the Alongtrack Mean Profile
The gridded MSSHs are based on historical altimgdé¢a from geodetic and repeat-
track missions. The different missions may inclusteorrected mesoscale signals,
different interannual variability, and obsoletarattry standards
e Errorin gridded estimate <SSH>
The different gridded products may have discrepamnacross mean profiles, different
smoothing/interpolation scales, unresolved smallesc(< 100 km), un-accounted for
mesoscale (esp. in geodetic data)
e Dynamic SSHA error (mismatch between SSH and <SSH>)
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Different studies were carried out to test the mmmeration of gridded MSS products, and to
estimate the different sources of error (Smith &&coo, Dibarboure, OSTST 2010). Based on
internal MSS coherency estimates, the optimistioratange was 1cm (100 to 500km) and 2.5
cm (at shorter scales). The comparison betweerperdEnt MSS and datasets gave a more
pessimistic error range of 3 to 5 cm.

The theoretical formal error on the gridded MSS ®asn. The average error (3cm) is coherent
with theoretical estimates, whereas error peaksoaticers are geographically correlated and can
be > 10cm. For the 50% of the globe with low eddgrgy, the error is 50 % of the variability.
Only 20% of the world oceans had error less tha#o2¥ the oceanic variability.

In summary, the different studies highlighted ttree combined MSS error and sampling error
were both important. Moving to a new orbit introddca 30% observation error globally (with
multi-satellite maps) due to the sampling degraaasilone, and up to +50% if the MSS error is a
realistic 3cm. Furthermore, the sampling degradasouneven in time and goes through cyclic
pulses of best/worst case phases particularlyndetrial to near real time applications.

These results were presented in detail to theee®BTST at the meeting, after which a vigorous
discussion ensued. The scientific merits of bath geodetic and oceanographic missions were
carefully weighed against the potential accuracyraeation of moving to a new orbit and the
potential for losing the satellite too early to raak major advance in marine geodesy. Given all
of these considerations, the OSTST judged thatestept, moving Jason-1 to a new orbit would
create unacceptable error levels for users of heglotution SSH observations. However in the
long run, many will benefit from a geodetic missi@md programmatic pressure to move will
likely continue to grow. The compromise positionopttd by the OSTST was that Jason-1
should be maintained in its present orbit in 20thlus maintaining two precise repeat-track
missions (J1 & J2) with optimal ocean samplingb&tance the loss of precision and change of
sampling from the move of Envisat, and while watfor the arrival of validated CryoSat-2 data
over the oceans. However, once Saral/AltiKa is ¢hed into the old ERS and Envisat
groundtrack and its data can be validated, J1 shbal moved from its present orbit onto a
geodetic orbit, with a subcycle chosen to allowlhbst restitution of ocean signals.

At the end of the discussion, the following recomaeion was officially adopted by the
OSTST:

The OSTST recommends that Jason-1
e Remains in its current orbit until repeat-track addétom the SARAL/AltiKa can be
validated

e However, because the Science Team recognizes d¢lae Iscientific value of a geodetic
mission for Jason-1, we further recommend thatrddsbe moved to a geodetic orbit in
the range of 1286 +/- 2 km, or a suitable geodethit in line with the spacecraft's
capabilities at the time, after data from SARALIRH is validated.
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6. Plenary session & Townhall meeting on science reqements for
the Jason-CS orbit
Chairs : Hans Bonekamp, with J. Lillibridge, R. Maw, J. Willis

Preparation:

In preparation of Jason-CS orbit discussions a@i® OSTST meeting in Lisbon, in July 2010,
the results of the two related EUMETSAT studiesalbg Collecte Localisation Satellite (CLS)
and the University of Hamburg (UHH), together watih overall and agreed summary written by
Hans Bonekamp and Francois Parisot have been cedveyon the OSTST via its email list.
First results of the CLS study were already rembide a poster [Carrere et al. 2009] at the
OSTST meeting in Seattle in 2009. In addition, ratttee Jason-CS Working Group meetings on
partnership with NOAA and CNES end of August 20Xfb&e with the programmatic context by
Francois Parisot and Stan Wilson was forwardedhto @STST early September 2010. The
various splinter sessions chairs of the OSTST meetiere approached before and during the
meeting to address the issue of a potential oHaihge from their splinter session perspective.

Programmatic context and agencies request: (Monday8 October 2010):

At the OSTST meeting in the programmatic sessionMamday, Francois Parisot and Stan
Wilson (as CEOS OST VC co-chairs) gave a statusvesg of the Jason-3, Jason-CS
(proposed) programs and how they were linked in sbecalled ‘hybrid solution’. They
highlighted that the continuity and consistencytied 20 years sea level climate record was the
most compelling argument for decision makers toreyp the Jason-3 program. They stressed
that with phase B studies for Jason-CS starting, tbere was an urgent need for a scientific
recommendation on the orbit choice. This was foatad as a request for an acceptance of a
change of orbit to meet the definition of a refeerlimate mission or for a justification for
keeping the current Jason orbit. When changing arbanking of preference for orbit candidates
(as resulting from the CLS and UHH studies) wae akked for.

Town hall style OSTST discussion meeting: (Tueday91October 2010)

* The town hall style discussion meeting on sciercgirements for the Jason-CS mission
orbit addressed only the orbit choice issue. A#rrintroduction by Hans Bonekamp
including highlighting again the request for a racoendation, Richard Francis provided
an overview on scientific aspects of potential cdun in launch cost; potential extended
life due to reduced radiation; potential improveastiument performance; better
prospects for orbital debris mitigation. From tlusesentation it was concluded that
technical solutions are in hand, but that the higherent Jason orbit implies additional
complexity, mission costs and programmatic risks.

» Subsequently, Hans Bonekamp summarized the twaoestly showing several metrics
that underpinned the combined conclusions fromsthdies: It was understood that the
combined CLS and UHH studies considered samplipgas only, not calibration and
validation aspects. From the sampling perspectiveeliation to the key applications of
the missions (including sea level trends) no shopstrs were found for moving to an
alternative orbit. The small impact on regional $=zel trend from orbit change was
noted by the OSTST and apart from slight advantag® higher inclination orbit as
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dominantly expressed in the UHH study, no compegllanbit choice was forwarded by
the studies.

» Before going into the audience discussion, thengglisessions chairmen summarized the
feedback from their sessions. The feedback of piiaters was summarized as follows:
A change of orbit is feasible from the near reahei applications (operational
oceanography, wind/wave applications) and also ftbm precise orbit determination
perspective. A weak recommendation to change avbg forwarded from the tides
splinter, whereas a weak recommendations to stdeisame orbit was given by the near
real time application splinter. The ‘Mean Sea Seefand Geoid’ splinter was divided
over the advantages and disadvantages of an duditge. The calibration and validation
splinter, however, issued a strong recommendatictaty on the current Jason orbit.

» The following plenary discussion was lively and e$ed the important issues at stake.
There was a strong recommendation not to “brea&’cthmate science record by moving
the measurement position, but to extend the climeterd on the same orbit. There was
similarly a strong recommendation to stay on theremce orbit from the calibration and
validation aspects, with an emphasis on the ndtah Jason CS mission as a reference
mission in the constellation of nadir altimeter si®s is critical to maintain global sea
level climate record; GCOS principles for climat@mtoring demand continuity and
consistency which may not be met with a change rbft.oNo compelling scientific
reason for a change orbit was found as well asongpelling technical reason preventing
the Jason-CS mission from flying in the currentitorb

Summary and consolidation: (Wednesday 20 October 20)

The project scientist summarized the feedback amdecup with a proposed recommendation
(see below). There was an additional discussioh Wie same nature as that of the town hall
style discussion meeting. It did not result in @edgence of points of view. The OSTST settled
on providing dominantly a justification to keep tsame orbit and endorsed the following
recommendation:

Given the importance of maintaining the precise rolate record of sea surface height, the
challenges of calibrating & validating without formtion flight between Jason-3 & Jason-CS,
and the modest scientific benefits from a changeoobit: the OSTST recommends that Jason-
CS maintain the 1336 km reference orbit flown bygex/Poseidon and Jason-1, 2, & 3.

Richard Francis and Francois Parisot stressedjthan additional costs for staying in the same
orbit, a ranking of orbits is still needed for ttese that an orbit change may become critical for
the approval of the Jason-CS program, however,“pés-B” option was not further discussed
by the OSTST.
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7. Plenary session discussion on radiometer drift regrements

Chair : Josh Willis
Context:
At the 2009 OSTST Meeting in Seattle, a plenargiseswas held on sea level error budgets.
During that session, the wet path delay correatian identified as the largest source of error for
estimating global sea level rise from satellitenadtry. The result of this session was a
recommendation that an effort be made on Jasonifpoove the long-term stability of the
radiometer in order to improve both the accuracg éimeliness of global sea level rise
observations.

Presentations:

For the splinter session in Lisbon, Josh Willisaygeed the scientific argument for improving the
accuracy and reducing the latency of global meareseel estimates based on the Jason series of
high-precision altimeters. In particular, two ragieter jumps in Jason-1 produced a spurious
downturn in global sea level between 2003 and 2868, it took years for the science team to
detect and correct these errors. For Jason-2,oandr calibration system, termed the
Autonomous Radiometer Calibration System (ARCS)¥ mgplemented on a best-effort basis to
improve the timeliness of these radiometer on-ardlibration corrections.

A brief outline of the Jason-2 radiometer on-orbélibration techniques and ARCS (the
operational segment of the on-orbit calibration) #meir performance was presented by Shannon
Brown. ARCS uses regions of the Amazon basin gseudo-blackbody warm brightness
temperature (TB) reference and stable ocean regismscold TB reference to determine within
60 days if the AMR calibration had changed ancif gpdates the AMR calibration coefficient
file prior to GDR production In addition, AMR datae compared with radiometer data from
other microwave sensors and outputs from Numenbelather Prediction (NWP) models.
Shannon showed that the ARCS system, supplemegtadditional off-line recalibrations, was
probably capable of achieving the desired 1 mmhgeutainty in the wet path delay long term
stability for time spans longer than 3 years, bwas noted that with this approach, the long
term radiometer calibration relies on the stabitifyancillary data sets. On decadal time scales,
the assumption of no drift in the ground truth nmey be valid due to changes in the type and
quality of the ancillary data that are available.

Shannon also recapped the discussion on this tagpit the Instrument Processing splinter. In
the Instrument splinter, it was noted that the NO&#d CEOS requirements of 1 mm/yr over 5
years and 0.5 mm/decade, respectively, insure giolyal stability and not regional stability of
the sensor. The splinter recommended that futussioms such as Jason-3 and Jason-CS should
consider including radiometers that are capableadfieving long term stability by design
without reliance on ancillary data in order to faéaie climate quality measurements of the
global wet path delay correction and hence globallsvel rise.

Recommendations and Requirements:

Finally, Josh Willis presented a recommendatiorufaalating the requirement for stability on the
global mean sea level measurement. The OSTST chgqeen the following language for the
global sea level stability requirement on futuressions:
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Requirement: Jason-3 shall measure globally avesdgsea level relative to levels established
during the cal/val phase with zero bias +/- 1 mntafsdard error) averaged over any one year
period.

Verification: Accuracy will be verified by compason with no less than 50 tide gauges that
provide the widest possible geographic coverage.

Latency: As a goal, the project will attempt tosiign Jason-3 to meet this level of accuracy
with a latency of 2 months, in time for productiasf the GDR.

Explanation: Given the small autocorrelation andh¢ 4.9 mm RMS variability in altimeter —
tide gauge time series the above requirement iemied to achieve a drift accuracy over
different durations as follows:

erroron mean =4.9 mm/sqrt(23-1)
slope error= mean square error / sqrt( sum (tméan)"2 )

duration error

1 year 3.5 mm/yr
2 years 1.3 mml/yr
3 years 0.68 mm/yr

It was recommended by the OSTST that this langbagaedopted as a goal for Jason-3 and as a
strict requirement for Jason-CS.

Finally, it was noted that NOAA has commissioned. & perform a study to determine the
feasiblity of adding an on board absolute calilwatieference to the AMR for Jason-3. This
study is proceeding and will be independently ne¢i¢ and discussed between the four partners
(EUMETSAT, NOAA, CNES and NASA) in the coming mosthn light of this, the OSTST
adopted the following recommendation:

The OSTST recommends that the Jason-3 project aumi to study the feasibility of
improving the AMR stability through on board calibtion for the Jason-3 mission.

In addition, the following recommendation was a@adjptvith regard to Jason-CS:

The OSTST also recommends that Jason-CS meet thlevitng requirement at the mission
level:

Requirement: Jason CS shall measure globally ayggd sea level relative to levels established

during the cal/val phase with zero bias +/- 1 mmafsdard error) averaged over any one year
period.
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8. Poster Sessions

A poster viewing session was conducted on Mondanieg, and posters were also viewed
during coffee breaks during the 3-day meeting.k&ito the posters are available on the meeting
website: http://www.aviso.oceanobs.com/ostst/

The posters were grouped into the following categor

» Splinter session I.1: Local CalVval

» Splinter session I.2: Instrument Processing : &da bias and retracking
» Splinter session Il.1: Geoid and mean sea surfexdupts

» Splinter session I1.2: Near real-time productsdetion and application
» Splinter session Ill.1: Precision orbit determioati

» Splinter session IIl.2: Instrument processing 2

» Splinter session II1.3: Global and basin-scalersmeresults

» Splinter session IV.1: Global and in-situ caliboatand validation

» Splinter session IV.2: Outreach, education & altimcedata services

» Splinter session V.1: Tides, internal tides & higbquency processes
» Splinter session V.2: Global and Regional Mean [S»e| studies

» Splinter session VI.1: 60-day variations in J1 & J2

» Splinter session VI.2: Ocean general circulation

» Poster session I: Coastal processes

* Poster session Il: Hydrology processes

» Poster session Il : Past & Future missions

9. Splinter Sessions

The theme for the splinter sessions (in partictdarcal/val, POD/geoid, tides/HF aliasing, sea-
state bias/retracking) was the evaluation of tls®@d& GDR product. The splinter sessions were
organized as follows:
Monday 18 afternoon :

» Splinter session I.1: Local CalVal

» Splinter session I.2: Instrument Processing : &da bias and retracking
Tuesday 19 :

» Splinter session Il.1: Geoid and mean sea surfeaxdupts

» Splinter session I1.2: Near real-time productsdetion and application

» Splinter session Ill.1: Precision orbit determioati

» Splinter session IIl.2: Instrument processing 2

» Splinter session II1.3: Global and basin-scalersmeresults

» Splinter session IV.1: Global and in-situ caliboatand validation

» Splinter session IV.2: Outreach, education & altimcedata services

» Splinter session V.1: Tides, internal tides & higbquency processes

» Splinter session V.2: Global and Regional Mean [Sael| studies
Wednesday 20 :

» Splinter session VI.1: 60-day variations in J1 & J2
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» Splinter session VI.2: Ocean general circulation

9.1 Local and global calibration/validation Splinte Report
Chairs: P. Bonnefond, S. Desai, B. Haines, S. NeherRicot

Introduction

The primary goals of this session were:
« Validation of all available Jason-2 version “Ttegt) GDRs, including data collected
after the end of the verification phase. We areti@pdarly seeking insight on any
potential emerging trends in the data on localioreg) or global scales.
« Validation of the complete set of the Jason-1 GDRroducts. Definitive calibration
time series are needed, along with estimates ajrgebically correlated errors, in order
to reconcile local and global results and arriva anified error assessment.
« Validation of Jason-1 GDR-C data on the interleg\ground track.
« Validation of available reprocessed T/P datap@rticular interest is the impact of these
products on reducing relative geographically cateel errors (GCESs) observed in the
Jason-1/TP (2002) tandem verification phase.
« Validation of EnviSat GDR data

In order to facilitate comparisons among variousults, contributors were asked to focus on
results from the official data products. Compleraentresults from alternative sources were
sought, however, if they help to explain errorghie official products.

Discussions were conducted on the following subject
* Possible change of orbit for Jason-1 End of Life,
* Possible change of orbit for the upcoming Jason¥ZSion,
e How to maintain a 1-mm/yr drift accuracy for thesda series, particularly in
preparation for Jason-3.

9.1.1 Results from in-situ calibration sites

Absolute calibration of TOPEX/POSEIDON, JASON-1 al&SON-2 altimeters

in CorsicaBonnefond et al.
The analysis of the whole data sets available f&; Jason-1 and Jason-2 was presented as well
as a detailed study of the land contamination dforaeter measurements on approach to the
Corsica site (Figure 9.1.1): for more details abahis study, notably the location of
measurements relatively to the coast, please tef@onnefond et al(2010) inMarine Geodesy
33:1 (special issue on OSTM/Jason-2). One of thia mesults presented concerns the Enhanced
Path Delays for JIMR and AMRBfown et al): both reduce the land contamination and show
better agreement with GPS-derived wet troposplueriections. Results are summarized below:
Absolute biases over the whole data sets:

Jason-2: +150 £5 mm

Jason-1: +64 2 mm

T/P ALT-B: -16 +4 mm
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Relative biases over common overflights:
Jason-2 - Jason-1: +87 mm (+87 mm from orbit-eang
Jason-1-T/P: +84 mm (+80 mm from orbit-range)

Corrections:
» Wet tropospheric correction from radiometers shawsas of -5 mm (JMR dryer than
AMR), but close to 0 when using Enhanced Path Belay
* GPS shows that both AMR and JMR are dryer at thsi€oapproach
No significant drift detected from JMR/GPS and ANER'S comparisons.
» Better agreement between GPS and Enhanced PatlysD@®&D,Brown et al) from
AMR and JMR (differences reduced to zero for IMRDEfAd AMR/EPD).
» Using EPDs for both JIMR and AMR makes Corsica clés®ther in situ results:
= Jason-2 bias increases by ~10 mm (=> +160 mm,v& #mm from Harvest)
= Jason-1 bias increases by ~13 mm (=> +77 mm, v&mt@ from Harvest)

Orbits:
The latest orbit solution sets (std0905 and std1fe®n GSFC and rlsel0a from JPL)
agree well with one another at Corsica, impactimg lbias estimates at the millimeter
level.

T/P MGDR+ (MGDR + TMR replacement products + std®@@bits (GSFC)):
9 mm decrease of the T/P ALT-B bias compared to MGB! mm from TMR and -5
mm from orbit). Using LSE retracked products ineesaT/P ALT-B bias by 16 mm (=>
zero bias) and induces a slope of 9 mm/yr whiclisée be analyzed further.

Original Path Delay (GDRC) Enhanced Path Delay (Brown et al.)
JMR - ECMWF JMR/EPD -ECMWF __

ol — e
) X 2 . 38.0 38.5 39.0 39.5_ 40.0
Latitude Latitude

AMR - ECMWF

380 385 39.0 I-__:.astitg.eo 401 Tof 215 0:-1 0 385 390 3Eastlt:geo ? ro? a1

JERTE T
-60 -40 V) 20 20 60
leferences (mm)

Figure 9.1.1. AMR & JMR wet tropospheric correction differenceeWECMWF model. Original correction from GDR-C at
left and Enhanced Path Delay at right. The col@aedws on the latitude axis correspond to: 30 komfrcoast (red), Sardinia
overflight (blue) and end of Asinara island (magént
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Use of the Corsica site to compute altimeter bidee€EnviSat, JASON-1 and
JASON-2/OSTM : absolute and regional CalVal meth&ismot et al.

Usually, the in-situ calibration is done at thetieal of a Y78
specific CalVal site by direct comparison of thénagter
data with the in situ data. NOVELTIS has developed
regional CalVal technique, which aims at increagimeg
number of the altimeter bias assessments by det&rgni
the bias also on satellite passes located far &nwaythe
Senetosa CalVal site (Figure 9.1.2).

The strong interests of this method are to extdral t

single site approach to a wider regional scale el as

to be able to estimate the bias for satellite rarssiflying

in the neighborhood of the calibration site. (Jatoon \

the interleaved orbit for example) Figure 9.1.2. Configuration Voufh the
calibration site in Senetosa (Jason-2

Nevertheless, the ocean dynamics (tide and atmdsphdroundtracks inred, EnviSatin blue).

effects) may influence the altimeter bias estintetiat

crossover points located far from the calibratiagte.sThe computation of the Jason-2 bias

correcting either the tide or the dynamical atmesjgheffects proved that both corrections have

an impact of only a few mm on the bias in Senetd$ss result is confirmed by Figure 9.1.3,

where the amplitude and the phase of the M2 wénerrtain tide component in this area, appear

to be very homogeneous in this part of the Meditegan basin. With this method, the Jason-2

mean bias reaches 17.5cm (74 cycles), using mddeldhe ionosphere and wet troposphere

corrections.

M2 amplitude - GOT00.2 M2 phase — GOT00.2
& 7" 8 o

- 0.09

- 0.08

0.07

0.06

&

Figure 9.1.3. Amplitude and phase of the M2 tide wave from theTBQ@2 atlas in the Senetosa area.
The Jason-2 ground tracks are superimposed inatsd d
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Finally, the NOVELTIS regional CalVal method waspaed ..
on the Jason-1 interleaved orbit, and the reshitsvsthat the
bias of the Jason-1 mission remained stable alter drbit
change (Figure 9.1.4), with mean biases of 8.5crthennitial
orbits (259 cycles), and 8.3cm on the interleaveuit® (45
cycles).

40°

* 5 6 7 8 9" 1I;

Figure 9.1.4. Bias estimation for

the Jason-1 mission in
Senetosa: on the initial orbits in red
and on the interleaved orbits in
green

The Harvest Experiment: Current Results from theyd&® Altimeter Calibration

Record Haines et al.

Haines et alpresented the 19-yr altimeter calibration recdréiarvest, which includes results
from the combined T/P, Jason-1 and Jason-2 missidresmain evolution since the last OST/ST
meeting is a re-estimation of the platform verti¢E®92-2010) from GPS. This time series is
derived using reanalyzed orbit and clock produststie GPS constellation (Desai et al., 2009),
and exhibits better long-term stability, as weldag-to-day repeatability. Also new is significant
additional calibration data on Jason-2, which cards to pass over the platform every 10 days
(Figure 9.1.5). The sea-surface height (SSH) data fthe legacy T/P altimeter measurement
systems continue to yield bias estimate$0( mm) that are statistically indistinguishablenfro
zero. In contrast, both Jason-1 and Jason-2 areumeg SSH too high, by +87 and +176 mm
respectively. The repeatability of the individuabh® estimates is the range of 26-33 mm,
depending on the altimeter system. A spectral aisabyf the SSH bias estimates was undertaken
to lend insight on possible error sources (Figuie®). Results from the B Side of the NASA
radar altimeter on T/P show a significant (~2 crajiation at 59 days (S2 alias period), while
those from the A Side do not. This was further adsed as part of the '60 days signal’ splinter
meeting.
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Figure 9.1.5. Absolute biases time series for TOPEX/Poseidorgn}asand Jason-2 from Harvest calibration site.
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Figure 9.1.6. Periodograms of SSH bias estimates (T/P, Jasord1lJason-2) from the Harvest calibration site. F4?, the
MGDR correction for CG_CORR (center of gravity noofj was not applied.

Determination of the absolute bias for the Jasaell#ga missions using the
Gavdos facility Mertikas et al.

The Gavdos calibration site has determined thelatesbias for Jason-2 over Pass No. 109
(cycles 2-60) and Pass No. 018 (cycles 1-40).

The bias using Pass No. 109 has been estimatezl#&@#l.19 + 4.54 mm in the Ku-band in a
region from 12 to 21 km south of Gavdos. Cycle 28 bheen identified as an outlier (large
sigma0 values) and excluded from processing. Figur& shows the altimeter bias as a function
of cycle number over Pass No. 109.
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Jason-2 altimeter calibration GDRS

© Jason-: 2 Bias FRP Ku Band: Mean:171.19x 4.54 mm

Bias for Jason-2
0
o
o
0
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a0
Cycle number of Jason-2

Figure 9.17. Jason-2 absolute bias for Jason-2 Pass No. 1083+60.

For Pass No. 018, the bias has been estimated 4129 + 5.9 mm in the Ku-band in the
area from 8 to 18 km, south of Gavdos for cyclése 40. Cycles 3 and 32 have been identified
as outliers (large sigma0 values) and excluded froooessing.

In cooperation with CNES and the Austrian SpaceeReh Institute of the Austrian
Academy of Sciences (AAS), the transponder ingtatle Gavdos island was used to perform
Jason-2 range calibration experiments. This reguim®ving the tracking window of the
altimeter to 200 m above sea level, and therefopacts the coverage of the altimeter products
over the sea surface along Pass No. 018. Theraefgeées No. 41 and thereafter could not be
used in our analysis. Figure 9.1.8 depicts themalier bias over Pass No. 018 with the
conventional technique.

In both passes No. 109 and No.18, the Bzown (2010) enhanced model has been used for
the determination of the Wet Tropospheric Delay.

Jason-2 altimeter calibration GDRS
T

["©  Jason-z Blas FRP Ku Band: Mean:172.05+ 5.63 mm

°

Bias for Jason-2

20
Cycle number of Jason-2

Figure 9.1.8. Jason-2 absolute bias for Jason-2 Pass No. 01&<Ci10.

The ionosphere and the wet troposphere delays &iimetry were compared with those
determined from GPS analysis. The differences abe4 + 0.4 mm and -8.1+ 1.5 mm
respectively for the ionosphere and wet tropospberections (GDR minus GPS) for Pass 109.

The MSS technique, using the CLS01 model as refetggroduced an altimeter bias of +151
+ 6.8 mm over Pass No. 109.
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Studies from the transponder deployment (Sept 20Q%®.) are ongoing, and are being
undertaken in close cooperatianith CNES and the Austrian Space Research Instibtitdhe
Austrian Academy of Sciences (AAS).

The eastern Mediterranean altimeter calibrationvast — eMACnet: anticipating

JASON-3 and SWOTPRauvlis et al.

Accomplishments:

Six sites operational, one with two tide gaugesa¢kar and a float)

Three sites with CORS GNSS receivers (GAVDOS, KABTPALEKASTRO)

Two more GNSS receivers purchased for installaito@HIOS & MANI (2010)

THASOS and a new site in central-north Greece t@dpdpped with GNSS receivers in early
2011

JASON-2 passes covered now: 18, 33, 94, 109 (185)

The AQUATRAK tide gauge (operational since 200KARAVE) was relocated to the HNHS
instrument shack on the new KARAVE harbor (easildflocation)

A new CORS GNSS receiver installed and operati@ialhe new location, along with the
MET3A sensor and communications equipment for lacal satellite transmission of data
JASON-1 (from GDR-C) bias estimate: 107.5 +mé (41 events)

JASON-2 (from GDR-T) bias estimate:  177.1 +rb8n (35 events, Figure 9.1.9)

Future plans:

Connect new KARAVE/GAVDOS to EUMETCAST, enable datdlection with 15 min latency
Complete GNSS installations at CHIOS and MANI iri@Qand THASOS by early 2011 (GEST
& NTUA have purchased instruments)

Re-analysis of GPS data with ITRF2008 back to 2003

Redo/extend calibration series with new GDRs foBON 1 & 2

Pursue redeployment of mobile SLR (FTLRS?) at Dsmsysatellite tracking station (NTUA) in
the next 1-2 years (will cover all tracks and abs!!)

JASON-2| Bias [hmj
1000 Points 35
Median 177.1

Std Deviation 104.3
Std Error 17.6
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500 _|...|—¢—KASTELI
—o—MANI
-#&-PALEKASTRO

JASON-2 minus Tide Gauge SSH [mm]
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Cycle #

/%voos

—
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Figure 9.1.9. Configurétion of the eMACnet network (Left) and das2 bias time series (Right)
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Updated results from the in-situ calibration srieBiass Strait, AustralidVatson et

al.
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Updated absolute bias estimates from the Basst Stadibration site for the Jason-1 and
OSTM/Jason-2 missions are provided below and rtst! in Figure 9.1.10:

Altimeter Data Cycles N Mean Bias * Std Error

Jason-1 GDR-C 001-259 211 +96.7 £ 2.6 mm**

Jason-1 GDR-C (enhanced JMR)| 120-259 88 increase by 9.6 mm

Jason-2 GDR-T 001-076 66 +175.2 £ 4.0 mnv¥

Jason-2 GDR-T (enhanced AMR) 001-076 66 increase by 2.7 mm

* No data available at time of writing for cycles 1638

** Standard errors about the mean are quoted buttdakeinto account likely systematic contributtorthe error budget
The likely error floor for absolute bias estimaieat the + 10-15 mm level.

The enhanced JMR and AMR products from Shannon Brawre shown to outperform the
standard GDR wet delay estimates at the Bass $taiparison point. The enhanced near-coast
product shows less land contamination and mitigdtesrequirement to extrapolate from more
distant GDR samples. Marginal increases in then3asf-9.6 mm) and OSTM/Jason-2 (~2.7
mm) absolute biases were noted with the enhanciahnater product.

As part of its commitment to ocean remote sensirfgastructure, the Australian Integrated
Marine Observing System (IMOS) has committed supporthe Australian contribution to
altimetry calibration and validation in the OSTSThis contribution will extend the bias
estimates from Bass Strait to Storm Bay (on theespass, yet in a different wave climate) in
addition to computing bias drift from the globalg¢igauge and GPS network.

Absolute Bias Jason-1 (GDR-C 001-259) and OSTM/Jason-2 (GDR-T 001-076)
T T

A0 -t

20

-20

Jasor-1 GDR-C Absolute Bias (001-259)
WMearn 98 7mm Median 25 dmm
Mo 211, Std Dew: 38.0mm Std Error: 2 6mim

140 |- R

| Jason-2 GDR-T Absolute Bias (001-078)
Mearn: 175.2mm Median: 170 9mm
M 686, StdDev: 22 9mm Std Error: 4 0mim
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Figure 9.1.10. Absolute bias time series for Jason-1 (blue) 3asbn-2 (red) for the Bass Strait calibration site.

Summary of the in situ analysis key findings:
- There is good coherence of the Jason-1 and Jas®8H bias estimates from all

calibration sites (Figure 9.1.11).
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- New coastal AMR and JMR products (EPD) clearguee the land contamination and
improve agreement with GPS-derived path delay fmastal approaches; from in situ
studies this new correction increases (except @) the Jason-1 and Jason-2 bias and
then reduce the discrepancies between in-situradiliin sites laines et al., Bonnefond
et al. and Watson et 3.

- ~10 mm average for differenced ionospheric ceiwac(Jason-2 — Jason-1) due to
different range bias for Ku and C bands for Jasoting reinforces the need to calibrate
both bands and to conduct detailed studies onrtioesediscovered by the project on the
C-band Haines et a).

- No clear drift of the measurement systems (T/& Zeson-1) revealed by the longest
time seriesKaines et al., Bonnefond et al. and Watson ¢t al.

- Most of the Jason-1/Jason-2 relative range [@&3r(m, see Figure 9.1.11) comes from
an error in some parameterization files on JasandlLJason-2 discovered by the project
before the Seattle OSTST meeting in June 2009 Ipulipes in Figure 9.1.11).
Correcting this error will increase the Jason-1slg 120 mm and that of Jason-2 by
25 mm. This results in an overall decrease of ¢fetive bias by 95 mm (from 85 mm to -
10 mm), based on the average of estimates frormthiéu calibration sites. Accounting
also for the 10 mm bias on the ionospheric comectihe relative bias between Jason-1
and Jason-2 would be close to zero. This needs farther investigated (notably on the
C-band) but, if confirmed, both satellites are nueing sea surface consistently high by
about 20 cm.
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Figure 9.1.11. Absolute bias values for Jason-1 and Jason-2 filoendifferent calibration sites. Red lines and assed
numbers correspond to the average of all individitak values. Purple lines and associated nunaioersspond to the absolute
biases if corrected from the error recently disceséby the project.
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9.1.2 Results from global comparisons tide gauges@altimetry sea level records

Data quality assessment of in-situ and altimetelmsuements through SSH
comparisonsAblain et al.

In this study, we presented the main results obthiinom comparisons between these in-situ
measurements and altimeter data from TOPEX, Jasdasbn-2 and EnviSat through the 3
following objectives linked together. The first @ists of detecting drifts or jumps in altimeter
SSH by comparison with in-situ measurements. Tlwers® goal is the analysis of the SSH
consistency improvement between altimeter andtinekta using new altimeter standards (orbit,
geophysical corrections, ground processing...).l&kkeobjective is the detection of anomalies on
in-situ time series thanks to the cross-compariadth all available altimeter data. In-situ
measurements can thus be corrected or even remnovedier to further improve the SSH
comparison with altimeters. In this study we foalsea the drift detection of the MSL.

For Jason-1 MSL (Figure 9.1.12), we do not deteift, but a parabolic signal seems to be
highlighted with an amplitude close to 5 mm. Thegior of this potential anomaly has to be
investigated. On Jason-2 MSL, a negative driftisesved, but the data duration is too short to
consider this result as reliable. For TOPEX (Figue13), a positive drift is estimated (+0.7
mm/yr) but it is partly explained by a significajuimp (7 mm) in 1996 (under investigation).
Finally, for EnviSat (Figure 9.1.14 & 9.1.15), agaéive drift (-1.4 mm/yr) and a strong regional
drift dependent on longitude (East/West) likelyatel to orbit calculations have been
highlighted. The EnviSat GDR-C reprocessing (omgpshould improve the EnviSat long-term
stability.

To conclude, it's important to underline the synyedd both in-situ and altimetry comparison
methods using tide gauges and T/S profiles to eséirthe altimetry MSL drift: while tide gauge
measurements provide long time series but limifgtial sampling, T/S profiles provide global
coverage but are available on a shorter time pefibdnks to the cross-comparisons between
results provided by different approaches (globahgarison between altimetry missions, Alti/TG
and Alti/TS comparisons), the estimate of the M&K dfom altimetry is more and more reliable
and accurate (globally and regionally).

T T T T T
J1TG Slope = 0.137 mm/yr

]2-TG Slope = -1.29 mm/yr
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Figure 9.1.12. Long-term differences between Jason-1/Jason-2 ateJauges SSH

31



T t T k T T T L T T
——t TOPEX/TG > 1996.5 $lope = 0.482 mm/yt]
5 —— TOPEX/TG < 1996 $lope = -1.86 mm/yr
- - ]
E
9,
n L
[}
o
{ =y
o
£
- o
i
h .
w oo
;.2 | . = =
' .8 "
= @] =
= = a
< p
c - o
2= .o > = —
& g 2
o o o
- - ~
1 1 1 L 1 ' 1 ' 1 ! 1 1
1992 1994 1996 1998 2000 2002 2004 2006
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Figure 9.1.14. Long-term differences between EnviSat and Tide @a85H
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Figure 9.1.15. Long-term differences between EnviSat and T/S [e®feparating the East [0°,180°] and West pai@{B380°]
of the ocean
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Evaluating and interpreting the global and regiopah level climate record,
Leuliette et al. (from « Global & Regional Mean Saexvel studies » splinter

The drift estimate from the tide gauge calibratiminthe current climate data record from
TOPEX/Jason-1/Jason-2 time series is consisteht matdrift within the uncertainty in the tide
gauge calibration (-0.16 £ 0.4 mml/yr), which foe td8-year record is dominated by the
uncertainties in the land motion correction. Howevecently, Jason-1, Jason-2, and EnviSat
have exhibited recent offsets or drifts around Noler 2009 (Figure 9.1.16) using the Mitchum
[2000] method of calibration using a global netwofl64 tide gauges. The Jason-2 offset begins
in November 2009 and is roughly a 1 cm offset.

Three relatively large earthquakes struck near ggad) roughly the time of the offset (M
8.1, Samoa, 29 September 2009; M 7.3, Suva, FiNo9ember 2009; and M 6.8, Tonga, 24
November 2009). In particular, a large change micad land motion is apparent at Pago Pago in
both GPS data and altimeter/tide gauge differeiiEapire 9.1.17). However, excluding these
gauges from the analysis does not completely etitrithe offsets in Figure 9.1.16. For example,
excluding the gauge at Pago Pago appears to réoeicdfset set by only ~2 mm.

While an analysis of the relative contributionseath gauge to the offset suggests that it
is seen by the entire tide gauge network (Figutel8), no offset is apparent in the global mean
of the troposphere or ionosphere correction appieeeéach mission. Only the ECMWF dry
troposphere correction is common to data from lineet missions calibrated with the tide gauges.

The source of the offset(s) is under investigation.

_ L . l

15 -
£ 10 - 1 _
E E ’4 | T N L& + E
PO A N \ NAL L () ’1\‘ 3
o ] CFINTNAL N/ W \Vim ‘l! ;
2 o4 T / 1 ) '“‘ 1 h!' ’i”' 1 “,"JA\V,aM 1) h'y'\‘ AT 2
= ] I l Fat 11 V, T ¢ ]
S . N TYLMAT | ‘F i Hll ’\
o -5 ’\‘, - \i { { 7‘ \y At \
g v 1 b "\"h‘,‘ ey,
1 10 i ) avAY
5 TR
g -15 Jason-2 i
E ] Jason-1 \ I
© -2 E Envisat

-25 B

2008.5

2009.5 2010.0 2010.5
Figure 9.1.16. Drift series from Jason-2, Jason-1 interleaved imis@nd EnviSat since mid-2008. All three opetiftimeters
have exhibited recent offsets or drifts. The Jadafifset begins in November 2009 and is roughlycanloffset.
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Figure 9.1.17. Jason-2 minus tide gauge differences (blue) amticel land motion from the ASPA GPS station ag®®ago

(red). The effect of post- seismic vertical landtimo is apparent after the September 29, 2009 gaatte. The solid lines are 1-
year Gaussian smoothed.
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Figure 9.1.18. Contribution to Jason-2 offset from individualdigauges, estimated by weighting the differencesean bias
for the 5 months before and after Nov. 2009 + 5.

Summary of tide gauges versus altimetry global angsis key findings:

- No clear drift of the Jason-1 measurement syg@B@R-C, Ablain et al., and Leuliette
et al)

- No clear drift of the T/P measurement system dherwhole mission: however, a clear
difference in the drift was identified KAblain et al.before and after a jump in 1996 but
do not correspond to the ALT-B/ALT-A transition (fare 9.1.13)

- A negative drift (-1.4 mml/yr) for EnviSat (Figuéel.14 & 9.1.15), and a strong
regional drift dependent on longitude (East/Wekipwever, this is not confirmed by
Leuliette et alwho found a much smaller drift (-0.5 mm/yr).

- The strange drop in Jason-1, Jason-2 and Enwpatted bylLeuliette et al.is not as
obvious in Ablain’s results, but cannot be completaled out in view of the systematic
variations in the various time series. This hasddurther investigated to insure that such
1-2 month drop is only a statistical anomaly.
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9.1.3 Global validation studies

Jason-2 DATA QUALITY assessment and cross-calibnatvith Jason-1Ablain
et al.

1 Hz Jason-2 (GDR-T) and Jason-1 (GDR-C) data seel to assess Jason-2 data quality and
system performances.

Data coverage and editinglason-2 has excellent data availability with ofédyv missing
measurements (due to planned uploads or calibs3tiainereas Jason-1 had several data outages
during 2010 (altimeter incidents, lost of trackohge to high mispointing). Due to its new tracker
algorithms (Median), Jason-2 has more data availalsér ice, coastal and hydrological zones
than Jason-1 (SGT tracker). These additional measemts over ice explain the higher
percentage of edited measurements for Jason-Zahdason-1.

Parameter Analysisiason-2 altimeter and radiometer parameters areedy monitored and
compared to Jason-1's (Figure 9.1.19).

Daily statistics of GDR: mean of radiometer - model wet troposphere
Mispointing Very stable, about 0.01 deg2 (due to antenna |, " o~
aperture) -— |G R}I son-2 ; Mean :'o. 053 5‘th5 :uo}e'lsl
IGDR Jason-2 Mean = 0.4536 StdDey = 0.3217
lonosphere Similar to Jason-1, bias of about 8.5 mm ol |25 8 g g f2 ]
Sigma0 Similar to Jason-1, bias of about 0.1 dB £ os ‘f'?a’%“w\n i Ms”
E 2 -
Altimeter Similar to Jason-1, bias of about 0.4 mfs,
wind speed different shape of histogram £ iy 1 ]
SWH Good agreement with Jason-1, small increase L L L L L
0 2008-11-20 2009-04-09 2009-08-27 2010-01-14 2010-06-03
during 1 semester of 2010 date
Figure 9.1.19.Daily mean of radiometer - ECMWF
Radiometer Less impacted by yaw maneuvers, butmodel wet troposphere correction for Jason-2 GDR
wet radiometer/model difference shows somédred) and IGDR (pink). Vertical green lines show
troposphere | evolution up to 2 mm amplitude (applicationECMWF model version changes. Vertical black lines
of calibration coefficients) show changes in AMR calibration coefficients.

SSH performance at cross-overSSH performance at crossovers is good, but shows
geographically correlated patterns up to +/- 2 enpldude, which are similar to those from
Jason-1. This is related to the orbit solution,ussng GPS-only orbits (such as JPL09a,
Figure 9.1.20) and correcting for pseudo datatigas,beliminates these patterns. Cyclic
monitoring of mean SSH differences at crossoversais a 120-day signal, also reduced when
using GPS JPL09a orbits.
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SLA along-track performance$Mean difference of SLA between Jason-2 and Jasisnabout
7.4 cm. SLA standard deviation is close to 10.5icnaverage).

JASON-2 / EnviSat cross-calibratidraugere et al.

Results from cross calibration between EnviSat Bx8ON-1/2 show that Ra-2 altimetry system
performances are consistent with Jason-1/2. Vergdgavailability and good metrics at
crossovers, at the same level as Jason serieshseeved.

The EnviSat/Jason dual crossovers analysis, usiagréprocessed CNES orbit for EnviSat
(GDRC standards), highlights a strong East/westadigetween the two missions (Figure 9.1.21).
Comparison to independent in situ data showedtkigaerror, increasing from 2007 onwards, is
on EnviSat side. The sensitivity of EnviSat orlotusion to time variable gravity terms is a
possible explanation. This should be analyzeddyinstance, testing other orbit solutions.

On 26 October 2010, the EnviSat ground track vialrege. For this new mission phase, no mean
profile will be available anymore to compute th@a$evel Anomalies. MSS will be used instead,
which will increase the error budget of EnviSatadat
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Global evaluation of the JASON data produBtscarvalho et al.

We reported two interesting features in the AMRad&irst, the variance on all three brightness
temperature channels is increasing as a functigimef (Figure 9.1.22). The cause for this is not
yet understood. Secondly, we observe an anomaluke & the distribution of the 34.0 GHz
brightness temperatures near 163K. This is due tmar@ware anomaly in the voltage to
frequency converter (VFC). A work-around has beeplémented to mitigate the impact on the
measurement system and will be applied to the Ja808TM GDR-C products.
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Figure 9.1.22. variance on all three brightness temperature channe

Consistent with other investigations, we obsen&7amm, 58.77-day oscillation in the global
sea surface height measurements from Jason-1 and-3acoinciding with the S2 tidal alias
period (refer to the dedicated splinter focusingtioe 60 days signal analysis). We presented
results from our investigation into the possibilibat this feature is caused by artifacts in the
GOTO00.2 ocean tide model. In particular, we congiddghe inconsistencies in the treatment of
the S1/S2 atmospheric tide effects on the dry phere correction applied to the Topex data
versus the Jason-1 and Jason-2 data. This incensysmanifests itself through the empirical
ocean tide models that are derived from the To#a.dNe also considered the impact of the
center of gravity correction in the Topex data. $¥®wed that the amplitude of the 58.77-day
oscillation was reduced to < 1 mm by simultaneo@sitging consistency in the dry troposphere
correction and applying the Topex center of gradtyrection with the opposite sign to that
recommended in the Topex handbook (Figure 9.1.28itional work is needed to fully
investigate possible Topex-related artifacts tlwatiat be introducing artifacts into the ocean tide
models.
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Figure 9.1.23. amplitude of the 58.77-day oscillation in the glosea surface height measurements from Jason-¢ difarent
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Systematic differences in the center-of-origin ilsdlons of Jason-1 and EnviSat,
Dettmering et al.

A global calibration of all available altimeter rsigns has been performed by means of a multi-
mission crossover analysis (MMXO). In addition tifetences of the range bias of the missions,
this method reveals information on geographicabigrelated errors as well as on center-of-origin
offsets between the missions.

The investigation shows systematic differenceherealization of the center-of-origin between
Jason and EnviSat, even if the latest reprocesdetisolutions for both missions are used. For
Jason-1 and EnviSat nearly the same standardsdoisp orbit determination are applied (GDR-
C standard) and the EnviSat reprocessing solutiomm CNES and ESA do not differ
significantly. Nevertheless, the differences in theomponent (Figure 9.1.24) between Jason
and EnviSat show a drift of about -2 mm/year aradl l® temporal variations of geographically
correlated errors and to differences in the meareseel trend estimations from both missions.
The reasons for the differences are not fully usided yet. Probably they are due to orbit
determination and caused by effects of the timélbe gravity field (which is handled in the
same way for both missions but may have differéfieicts because of the different orbit heights
of the satellites). This is under investigation.
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Figure 9.1.24.Relative center-of-origin shifts of EnviSat w.rlason-1. In the y-component of the earth fixed esyst
significant drift of about -2 mml/year is visible.

Validation status of a global altimeter wind & wad@&ta baseQueffeulou et al.

The “Laboratoire d’Océanographie Spatidl@d OS/IFREMER) develops an altimeter wind and
wave data base consisting of homogeneously caithrateasurements from various altimeter
missions, with unique format. Thus, the significavatve height (SWH) measurements have been
monitored for several years, and corrected dataemdable. Recently, work has been extended
to the altimeter wind speed retrievals.

Concerning SWH, the proposed corrections enablesrgéon of homogeneous and well-
calibrated SWH data from the all altimeter missiohs exception has been observed on EnviSat
RA-2 SWH, which exhibits a change in the SWH bratative to buoy data), after cycle number
86 (Figure 9.1.25a). This change is linked to aigtbprocessing update and the ongoing ground
reprocessing will provide a consistent series oR3oducts.

Cross-calibration of Ku-band sigmaO (backscattesffaments) is difficult. Some changes in
sigma0 as a function of time are not well underdtomr monitored. This is particularly the case
for Jason-1 Ku-band sigma0O, as shown by comparisetiis buoy and QuickScat wind speed
measurements, and by comparisons with EnviSat R&-Band sigmaO (Figure 9.1.25b).
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Figure 9.1.25. (a) EnviSat SWH differences with Europe EPE bufys.Jason-1 — EnviSat, differences time series.

Analysis of the wind speed evolution over ocearivedr from altimeter missions and models,
Ablain et al.

This study aims at analyzing and comparing windedpevolution derived from altimeter missions and
different models (ECMWF, ERA-interim, NECP rean&@yover the entire altimeter period and over the
ocean surface. We especially focused on Jason-Eavidat altimetry missions, but we also performed
comparison to other altimeter missions, such asBEXOBnd ERS-2. Thanks to these cross-comparisons
between the different models and missions, the mhbjective is to assess altimeter wind speed #tabil
directly deduced from the Sigma-0 parameters.

The main results obtained highlight jumps or daft all the altimeter wind speeds derived from Ja%p
EnviSat, TOPEX and ERS-2. For Jason-1 wind speig(@ 9.1.26), a +10 cm'samp is detected from
2004 to 2005 by comparison with NCEP and ERA-imemind speed. In the meantime, it is not
observed on EnviSat and model wind speeds (Figur@®. This corresponds to a 0.025 dB sigma0
ramp, but the origin of this potential anomaly ikmown at the moment. It might be linked to thehhig
mispointing values observed from 2004 onwards @odd. For EnviSat (Figure 9.1.28) a ramp (-10
cm.sY) is also detected at the beginning of the pemo&003. Concerning TOPEX, we observed stronger
oscillations and ramps close to 20 cm(Eigure 9.1.29) impacting the global wind speeitt ¢y 2.5
cm.s-1/yr.

Of course, such small jumps are inside sigma0 lgtabequirements but they impact the MSL accuracy
through the SSB correction (especially concerni@PEX) and also the wind speed calculation and long-
term evolution for climate studies. Concerning Mi8L, the impact is low but not negligible: the 1.6

! jason-1 wind speed ramp in 2004/2005 correspands#0.6 mm jump on the Jason-1 global MSL, and
the +2.5 cm.&yr wind speed drift detect on TOPEX corresponda t&#0.15 mm/yr drift on the TOPEX
global MSL.

Thanks to this study, we can also characterizeotean wind speed evolution better: a positive dloba
trend seems to be highlight from 1993 onwards ctosel cm.s-1/yr within 0.5 cm.s-1/yr differences
(+0.5 cm.8/yr for ERA-interim, +0.9 cm:yr for NCEP, +1.5 cm:8yr after correcting anomalies). But,
local wind speed trends do not indicate the sara@ia@structures between altimetry and models tuayet
+/- 5 cm.8/yr wind speed differences Finally, given thesdedénces between models and considering
the wind speed evolution as an indicator of themate change, it seems important to improve the-long
term stability of altimeter wind speed and thereftite sigma0 parameter for climate studies.
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Figure 9.1.28. Long-term differences between wind speeds derivem TOPEX and models (ERA-interim and NCEP)

Summary of the global analyses key findings:
All speakers reported that Jason-2, Jason-1 aniSBhmnissions have high data availability and
guality, meeting mission scientific requirementiey also noticed that following EnviSat orbit
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change maneuvers, ERS-2 is once again becomimgesést. From November 2010, 4 altimetry
missions (5 if we consider CryoSat) will be avaiéab

However, they also reported the following concerns:
- Jason-1&2 orbit solutions from GDRs depict geogreglly correlated patterns of the
order of 2 cm, « peak-to-peak », and a signal @tde¥/'s on the crossover mean values.
o Jason-2 JPL GPS-based orbit solution appears te banallest geographically
correlated errors.
o JPL GPS orbit solution could be considered for @aiual orbit altitude field, at
least for GDR (and perhaps IGDR?) products.
- Jason-1 and EnviSat underline East/West discregarntiat increased in time. Cross
comparison between those missions is a key for-teng studies.
- Growing interest in wind speeds measured by alemeiissions for climate studies.
0 Increased effort to monitor stability of wind spsed
o Define reference for sigmaO, and use identical ritlygns for wind speed
computation.
o Jason-1 pointing stability has an impact on thedveipeed long-term drift.
- Long term stability of radiometer wet tropospheoerection should be insured with more
precision.

9.1.4 Conclusions

The calibration and validation of the Jason-2 GDRadshow that all the missions meet the
requirements. However, some discrepancies have leghlighted, in terms of mean

geographically correlated errors or mean sea loeeld, and need to be further investigated.
Moreover, the need for improved long-term wind spdane series for climate studies
highlighted that this quantity should be more oaaltgf calibrated and validated with

homogeneous standards for the different missiorf®e Tong-term stability of on-board

radiometers continues to be a key issue for highracy altimetry.

The origin of the relative range bias between Jdsand Jason-2 (~85 mm) has been discovered
recently and presented at the Seattle OSTST (sgarttary of the in situ analysis key findings”
in section 9.1.2): it comes from an error in soraeameterization files on Jason-1 and Jason-2
discovered by the project. Correcting these emolitsncrease the absolute Jason-1 bias from 85
mm to 205 mm and that of Jason-2 from 170 mm to 9% (see Table below). This needs
further investigation (notably on the C band) butonfirmed, both satellites are measuring sea
surface consistently; within 1 cm of each otherthBare about 20 cm higher than T/P. The
biases to be applied to both Jason-1 and Jasortk2atibe included in the current products
(GDR-C and GDR-T respectively for Jason-1 and J&jaim maintain continuitySo for the
moment, Jason-1 will be maintained with its 85 mm ias with respect to T/P, and Jason-2
with its 170 mm bias.However, the reprocessed Jason-2 products (GDR®e issued in mid
2011) will be corrected for the 25 mm bias founela(sevel will increase by 25 mm). CNES has
ongoing work analysing the root cause of the 195 dason-2 absolute bias with respect to
Topex MSL. If this absolute bias can be explainefbie the Jason-2 GDR_C implementation, it
will be corrected as part of this reprocessing. a@bsolute bias values used in the different
versions of the Jason-2 and Jason-1 products itidmmmunicated to the OSTST and to the end
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users before the reprocessing sta@sncerning the Jason-1 bias, the 120 mm correutithive

applied to the next generation of the products (dDR

Absolute bias | Additional
GDR included in bias to be Total
Satellite Release | GDR release | applied by absolute
user to GDR bias
release
Jason-1 GDR-C 85 mm 120 mm 205 mm
Jason-2 GDR-T 170 mm 25 mm 195 mn
Jason-2 | GDR-C 195 mm 0 mm 195 mm

“future release (mid 2011)

The Jason-2 orbit comparisons between CNES and alPIGSFC solutions show minor
differences which are under investigation, and Em¥iSat/Jason-1 geographically correlated
signals emphasize the importance of having goodnoamcation between the CalVal and POD
communities for all missions.

There were very limited discussions regarding tbssjble change of orbit for Jason-1 End of
Life during the CalVval splinter and the 1mm/yr drdccuracy. Those topics were widely
addressed as part of other splinter meetings. bl discussions about the possible change of
orbits for Jason-CS have concluded with a recomieugmd to keep the current reference orbit.
Among the different arguments the following poinsre raised:
* T/P —Jason-1 as well as Jason-2 — Jason-1 comparikiring the Formation Flight
Phase: There is very strong benefit of these phasksk 2 different missions. Not clear
that CalVal will ensure this without such overlap.
* Possible degradation on a new ground track (eveere is a strong debate ...)
* The dedicated calibration sites have accumulatedoud8 years of continuous
monitoring. Is there an orbit that will overfly af them?...

9.2 Instrument Processing

Chairs: Emilie Bronner, Shannon Brown, Phil Callaha

=» Sea State Bias

o There isno SSB difference between Jason-2 and Jasorwhen these solutions are
derived from homogeneous data and in similar wayss is not the case today
between TOPEX-A and TOPEX-B.

. It is recommendetb derive Jason-2 wind from MLE-3 sigma0 instead oMLE4
value to get better estimatesd recalculate the SSB model. (See comments
below.)
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Figure 9.2.1 Difference between Jason-2 and JasonSBEB derived using the same
estimation approach, the same data version andrailsir wind speed histogram. Jason-2

uses MLEA4.

There is an alternatgpline method for SSB fitting that is less sensitive to data
weighting than the current non-parametric method aan be used for higher

dimensional models.
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Figure 9.2.2 SSB spline nonparametric model usingsdn-1 & WAVEWATCH
data from 2002. Shown are the Local linear kern@lK) and the spline method
(SP) run on same yearlong data sets and comparedh® high resolution bin

average response.
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Investigations abouvave-model-enhanced SSB modelshow improvement, and
steps towards future GDR implementation are beakgn.

= Sigma0 and wind speed

For wind and SSB it has been decided during the STSheeting to think about the
qguestion in a working group (Doug Vandemark, NgaanT etc.) to choose the best
wind and SSB solutions before J2 GDR-C reproces@igd speed using sigma-0
MLE3, which SSB solution?, etc). The expert workgrgup should give an answer.

Concerning wind speed, it is important to provideens with the sigma-0 used to
calculate it because they generally recomputeavihd speed themselves.

Mixing information coming from MLE3 and MLE4 in SSBould be strange for
some users but the aim is only to find the bestipater estimation.

We should investigate alternative methods to ML&8gtimate sigma0. For example,
an alternative approach has been implemented ifofleg calculation.

= Wet Troposphere

Objective-analysis can provide a wet tropospheoicection for altimeter missions
without a dedicated radiometer that is better thamodel alone, but not better than a
dedicated radiometer

VAR(TRO_HUM_OA - TRO_HUM_RAD) VAR(TRO_HUM_ECMWF_G — TRQ_HUM_RAD)
Mission : J1, eycle 22110 232 Missi

sion : 11, cycle 221 to 232

0.32 0. 0. 128 16 1% 224 2.56 2.88 32

Variance of (OA - JMR) Variance of (ECMWF — JMR)
PD difference (left) PD difference (right)
Figure 9.2.3 Wet path delay variance between théeotive analysis solution and
the JMR path delay (left) and the variance betwett)e model and the JMR. The
OA solution has a lower variance than the model.

Inter-sensor calibration between AMR and AMSU raagters showed good results
for 23.8 GHz inter-calibration, indicating a negattrend in the AMR 23.8 GHz TBs
and also in the 34 GHz TBs.

Specific cases highlight the weakness of the oiit-cddibration approach needed to
stabilize the radiometer PD on long time scalesomsgistency in model inter-
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comparisons and the potential for geophysical $sgt@alias into the record were
shown.

T T T T T T T T T T T T
JMR Slope = 0.0907 mm/year [L.S.R. = 0.0503] B
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Figure 9.2.4. Time series of wet path delay from RVIEnvisat MWR, ECMWF and
NCEP. This plot illustrates the weaknesses of med®e represent the inter-annual
variability of path delay and climatic events, likbke 2008 drying associated with La
Nina. Use of the model alone would alias theserdie signals into the SSH record.

For long-term stability, it is important to interopare all possible radiometers (on-
board altimeter satellites and others).

Analysis of AMR calibration stability: Residual drift in GDR product estimated to
be -Imm/yr which is removed in new GDR-C calibmatio ARCS processing
successfully reduced drift on GDR product from 3gmbd 1mm/yr.

AMR - ECMWF PD [cm]

AMR - GPS PD [cm]

—e—GDR
—*— NewCal
—— 05401 mmlyr 02 g

4 YT ;
SRR
1 Ml’ WWYW

0.5 —— -0.9+/-0.4 mm/yr
— -0.05+/-0.3 mmlyr

AMR-Model PD (cm)
AMR-GPS PD (cm)

Figure 9.2.5 Cycle averaged AMR-Model (left) and RGPS (right) wet path
delay differences for GDR-T (blue) and for GDR-Crégn). A residual -1mm/yr
PD drift exists in GDR-T which is removed with thapdated radiometer
calibration.
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The new radiometer algorithms proposed by JPL (&tvarBrown) would be useful
and applicable to other altimeters. Discussions @me going to derive these
algorithms for ENVISAT and SARAL to have good dalaser to the coast.

=>» Jason DIODE/DEM Mode

Performance was re-evaluated on cycle 34 after DEM upload. Performance is
excellent in most cases, but careful validatioDBM is recommended.

On Jason-2, the DIODE/DEM mode is a demonstratostudies have shown that it
has the same performance than median mode on dteaquires more waveforms
near coasts (not always exploitable). It has provetter performance on specific
areas such as embanked lakes. In conclusion, tdeamand DIODE/DEM modes
have both a regional interest that is why it imgassto evaluate one better than the
other at global scale.

Cycle 35 MEDIAN Cycle 34 MNT
C Cartography of Jason—2 Epoch on Yssyk Koul Lake, Cycle 34, MNT Tracker Mode
Cartography of Jason-2 Epoch on Yssyk Koul Lake, Cycle 35, MEDIAN Tracker Mode
R — - A
o by
- 12.85 o °
y ©
65 . 75 - —
42.65 {/
55 Y -
c e \
/ < B
A —
e YA
,//
D

| p— -

E5 e oo
P S— T T 7120 740 30 o0 w20 560
CcLS Epoch (m) [ e o e

CLs  ©~ 7777 e ™
0 MNT mode give a better coverage of the lake

f

Figure 9.2.6 Median tracker and the diode DEM tragkover a lake. The Diode
DEM tracker has better performance near the lake.

On Jason-2 MSEs level in Lisbon, the DIODE/DEM maedems very interesting to
follow the Amazon River. Moreover, it has been dedi to switch in DIODE/DEM
mode (using time-tagged TC) on Andean and Tibetked.

It was suggested to test the DIODE/DEM mode eadasdn-2 cycles during one
year. It would provide some interesting data, With the current DEM model on-
board J2, we will degrade hydrological performaimcgome areas.

Efforts should be pursued to improve the Jason-BDiodel (using experience of
AltiKa DEM) and about the zones of interest for D®DE/DEM mode.
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Concerning Jason-3, the DIODE/DEM mode will be us&de constraint is still

1MB to store the DEM but efforts will be pursuedupload a precise DEM where
the median is known to be less efficient. POSEIDB®NaIl be designed to switch

between the 2 modes automatically.

=>» Other Topics and further discussion

SWOT Simulation: Two presentations on detailed simulators were rgivel he
simulators will allow estimation of performance awil be useful for instrument
trade studies.

A new application tdransform waveforms into surface imagesvas presented. It
provided interesting images of the Gulf oil slick.

Figure 9.2.7 Retrieved surface backscatter imagemthe 2010 Gulf Oil Spill.
Note, the images have a left/right ambiguity.

A Bayesian retracking algorithm was presented. It provides better performance for
noise reduction, but currently requires a great deprocessing time.

New techniques such as SVIsingle value decomposition) should not be forgott
because they present a great interest for J2 amth8le3 (studies are on-going).

TOPEX reprocessing was not discussed during the OSTST meeting, butag
discussed at a separate meeting in Toulouse. rAfptalPL to investigate the 59-day
variations in TOPEX data and to revisit the TOPEXacking was made.
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Figure 9.2.8 Comparison of sigmaO using the standaprocessing and the new
baysian algorithm (green line). The strong noiseduction is evident for the baysian
algorithm.

Splinter session recommendations

» Since Jason-1 Jason-2 are now very similar in S8Bbéas, they should be treated the
same in terms of retracking, SSB, etc.

 To maintain measurement system calibration to HEghevel (< ~ 1 mm/yr) it is
important that instrument, algorithm, and cal/ehs be in close communication

» On-orbit radiometer calibration techniques haveitbtions. Instrument stability for
future missions (e.g. Jason-CS) should not relywground processing but should be
provided by instrument design

9.3 Precise Orbit Determination
Chairs : Luca Cerri & Frank Lemoine

Status of Jason-2 GDR orbits

The Jason-2 GDR orbit has been compared to sotutibtained using either different models, or
different combinations of tracking data or differgrarameterization techniques. The result of
this comparison in terms of radial RMS per cyclesi®own in figure 9.3.1, indicating an
agreement at the 1-cm level for all solutions. antigular, the RMS of the radial orbit difference
with respect to reference reduced-dynamic solutfoms JPL (JPL10A) and GSFC (GSFC LD
RED STD1007) is generally below 1 cm. A similariedchccuracy is indicated by the RMS of
high elevation SLR residuals computed using a eefe network of stations (figure 9.3.2).
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Figure 9.3.1 Radial RMS per cycle of various JASONE- orbit solution with respect to GDR orbit, which is a

DORIS+SLR+GPS orbit using a dynamic parameterizatio. GSFC LD STD1007 is a DORIS+SLR dynamic
orbit, while GSFC LD RED STD1007 is a reduced dynaiun solution sharing identical models as its dynamic
counterpart. JPL10A is GPS-only reduced dynamic orli. CNES GPS and CNES DORIS are respectively
GPS-only and DORIS-only dynamic solutions sharinghte same force models of the GDR orbit (from Couhert

et al.).
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Figure 9.3.2 RMS of SLR residuals above 70 degreefevation on reference network per cycle for diffeent
orbit solutions (from Couhert et al.).

Although orbit solutions from different groups reama&lose in terms of RMS, the radial orbit
differences are characterized by a temporal antiabgaherence which is of interest for the
altimeter data analysts. In particular, the follogvsystematic errors have been observed

a geographically correlated signal at 120-day gerimainly affecting the comparison
between GSFC D+L Dynamic orbits and other orbitgu(e 9.3.3). This type of

signature is typical of solar radiation pressuredeting differences, and is reflected in
the 60-day variation of the radial RMS shown irufigg 9.3.1. It is significantly reduced

when the GSFC D+L reduced-dynamic orbit is congdeinstead of its dynamic

counterpart, suggesting that the Jason-2 solaatiadi pressure model used in GSFC
solution can probably be improved.
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Figure 9.3.3 (from Couhert et al.) Amplitude of the120-day signal in the radial orbit differences beteen
Jason2 GDR orbit and other solutions. The amplitudef the signal reaches 1.5 cm at high and low latitle in
the comparison with respect to GSFC dynamic orbitThis signal is greatly reduced when comparing GDR
orbit to reduced dynamic solutions (from either JPLor GSFC).

Instead of directly looking at the orbit differescean alternative measure of the radial
orbit error is observed by means of multi-missioklimeeter crossover analysis
(Dettmering & Bosch). When the observed radial efos GDR and GSFC orbits is
represented by a displacement of the orbit centtbe Earth-fixed reference frame, the
equatorial Tx,Ty components of such displacementllate with a 120-day period and
an amplitude higher in GSFC orbit (figure 9.3.4.).
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Figure 9.3.4 (from Dettmering & Bosch) Spectral anlysis of the TY component of the radial orbit error
estimated from the multi-mission crossover analysigunits are abscissa shows period in day). Althougthis
plot has been obtained with Jason-1 orbits, a sinat result is obtained with Jason-2.

» a geographically correlated signal at annual permiween reduced dynamic solutions
from JPL and other orbits (figure 9.3.5). As tlisan order-1 type of signature, a possible
explanation is that GPS-based reduced dynamic arkitable to capture part of the
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gravity field temporal variability which is not ihmed in the current GDR and GSFC
standards.

Jason-2 GDR - JPL10A radial differences, cycles 1-79 Jason-2 GDR - GSFC LD RED STD 1007 radial differences, cycles 1-75

365-day amplitude geographic projection 365-day amplitude geographic projection

Figure 9.3.5 (from Couhert et al.) Amplitude of tke annual signal in the radial orbit differences beween
Jason2 GDR orbit and other solutions. The amplitudereaches 6 mm with an order-1 pattern in the
comparison with respect JPL GPS-based reduced dynamorbit.

* it was noted that the radial orbit differences lue# tatest release of JPL orbits increases
with respect to other solutions (figure 9.3.1). gk®wn in figure 9.3.6, there seems to be
a correlation between the degradation observed Rin arbit and the GPS receiver
software change occurred on Dec. 16, 2009. Howtaeereason for this degradation is
still being investigated by the JPL team. No cositle sign of degradation could be
observed on GDR orbit, which includes GPS datavelsas DORIS and SLR).

Receiver software |
change: Dec. 16 2009

Before After Cycles | Before After Cycles 342
Dec ‘09 | Mean(cm) 1-79 Dec ‘09 | Sigma(c | 1-79 341
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Monument 0.37 1.91 0.81 a7 0.90 0.90 % 33,}§
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Figure 9.3.6 (from Bertiger et al.) Left: SLR residials on reference stations before and after Dec. @9. Right
plot: the increase in the orbit overlap radial RMS seems correlated with the receiver software change
occurred in Dec. 2009.

ITRF 2008

The latest release of the ITRF has been extensigstgd in order assess the impact on the Jason
and TOPEX orbit series, indicating a small but gigant improvement in the fit of SLR and
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DORIS data, and in the overall orbit quality asicated by a smaller RMS of the altimeter
crossover residuals (figure 9.3.7).
The most significant impact on the orbit geomes$raishift towards the north of less than 5 mm,
as shown in figure 9.3.8. This reduces the mean différence of DORIS+SLR orbit with

respect to GPS only orbits.

Evaluate ITRF2008 SLR/DORIS orbit performance for TP, J1, J2 1
Mission dynamic orbit average RMS tracking data residuals
= DORIS SLR Crossover
(mm/s) (cm) (cm)
(independent)
TP cycles 1-446 std0905 (itrf2005) | 0.4989 1.751 5.482
xover: 30 cycles | 441007 (itrf2008) | 0.4985 1.663 5.477
J1 cycles 1-259 std0905 (itrf2005) | 0.3857 1.076 5.460
std1007 (itrf2008) | 0.3851 1.055 5.457
J2 cycles 1-75 std0905 (itrf2005) | 0.3618 1.095 5.564
xover cycles 1-52 | 5141007 (itrf2008) | 0.3609 | 1.032 5.550
1) 1.5 cm radial accuracies have been achieved with the dynamic TP std0905 (itrf2005) orbits (Lemoine
etal. 2010, ASR, Towards development of a consistent orbit series for TOPEX, Jason-1, and Jason-2)

Figure 9.3.7 (Zelensky et al.) Improvement in the RIS of SLR and DORIS post-fit residuals and in the RIS

of altimeter crossover residuals.
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Figure 9.3.8 (Couhert at al.) Mean displacement alg the north/south direction (Tz) of ITRF2008
DORIS+SLR orbits with respect to ITRF2005 orbits.

The drift along the North/South direction, whichshan impact on the global mean sea level
estimate due to the asymmetry of ratio betweenroesa continental surfaces in the northern
and southern hemispheres, is small (figure 9.308%3.9).
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Figure 9.3.9 (Zelensky et al.) Estimated trends afadial orbit differences between ITRF2008 and ITRFD05
Topex orbits. Units are mm/year. The global radiabrbit change over oceans is 0.06 mm/yr.

This is consistent with the fact that nominallyréhés no global drift along the N/S direction
between ITRF2008 and ITRF2005 coordinates. The nraedral drift over water has been
estimated by Zelensky et al. to be 0.06 mm/yr frilmd comparison between ITRF2005 and
ITRF2008 DORIS+SLR TOPEX orbits the 1992-2004 indkr

Conclusion and prospects

All tracking systems on Jason-2 are operating at coparable levels of precision and
support 1-cm radial precise orbit determination. The Jason-2 DORIS Ultrastable
Oscillator (USO) is stable and shows no sensitivitjo passage through the SAA (South
Atlantic Anomaly) like the DORIS USO on Jason-1. e SLR tracking on Jason-2 is
robust with the caveat that the bulk of the high-quality tracking is provided by a core
network of 10-12 stations, and the performance ohese stations must be monitored closely.
A decrease in the accuracy of the JPI GPS-only ortsi that seems correlated with a receiver
software change is currently being investigated. Aonger-term issue remains the fact that
the GPS/Jason-2 antenna was not radiation hardenednd that there is the possibility like
on Jason-1 that in the future this might affect theJason2 GPS performance.

The Jason-2 GDR orbit accuracy is at the 1-cm lagekhown by the comparison between
different solutions and by the fit of high elevati®&LR residuals. Systematic errors remain
present in the various orbit differences, the nmatable of which have a variability at 120-day
period (comparison of all orbits to GSFC D+L dyneamibits) and at annual period (comparison
of all orbits to JPL GPS reduced dynamic orbits).

The recently released ITRF2008 has been testedt avets shown that it slightly improves the
orbit accuracy and the consistency in terms of IN8duth centering between orbits obtained
using different tracking techniques. The impacttibea mean sea level estimates remains well
below 0.1 mm/year. ITRF2008 will be part of the n®0OD standard update together with the
latest generation of GRACE-based gravity fieldspséhimpact has been discussed at the 2009
OSTST POD splinter session.
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A small fraction of the splinter was dedicated &sess the status of the short-latency orbit
products. In particular, it was shown (Jayles ét thlat the on-board real-time Jason-2 DORIS
orbit is now at less than 5 cm RMS with respecthi final POE orbit included in the GDR
product; in addition, short-latency ground MOE tsbinave been routinely produced for test
purpose over a period of about 3 months, usingd®®IS data flow available every 2 hours.
The radial accuracy of this orbit is equivalentthat of the standard MOE used in the IGDR
product, but with a delay compatible with the OGpfecessing needs (Houry et al., poster). For
recent progress concerning the Jason-2 GPS-bapet aebits, refer to the Near Real-Time
Product Validation and Application summary report.

Future issues that are of concern and/or will bdistl by the POD team include the following:

1. Jason-2 radiation pressure modeling improvement Although the reduced-dynamic
approach can mitigate these errors, some effoed te be made to improve these models for
Jason-2 since this remains the largest sourceadfalrorbit difference between different POD
solutions

2. DORIS station _coordinate _improvement: Although ITRF2008 is a notable improvement
over ITRF2005, there remain individual issues foe hewest stations with a short (or non-
existant) time history in ITRF2008. In addition seraf the coordinates and velocities of the
South American DORIS stations may have been contted by the use of data from the
SPOT-5 satellite whose DORIS USO might have bestumbed by passage through the South
Atlantic Anomaly (SAA) like on Jason-1. Pascal \Eil(IGN, IPGP) is leading an effort to
develop refinements of ITRF2008 for POD applicadion

3. SLR system performance:Since we rely mostly on a core network of 10-1&tish to
provide the bulk of the SLR data, we must monitarefully the station performance for
unexpected changes that might occur to equipmeatkdowns at the stations, or due to changes
in system configurations.

4. Intertechnigue orbit consistency in Z: We shown that the radial orbit agreement between
the different sets of orbits is close to 1 cm rBRiEIS, however we must monitor these different
orbits (SLR/DORIS/GPS, SLR/DORIS, DORIS-only, GR8y) for any long-term drifts in the
Z-centering that could be indicate of referenceesyserror.

5. Improvements to Time-variable gravity modeling: The secular rates of the geopotential
coefficients in the current GDR standards wre daeit@ed over a short time span, and may not be
reflective of all the variations (secular, interaah annual) that occur. More detailed models
have become available that would better handleetsests of geopotential variations and their
use will be investigated for application in the nhest of GDR standards.

6. IERS201Q The IERS has published the next revision of thedgtic modeling standards,
IERS2010. Improvements to geodetic modeling anoeated in a number of areas, such as
troposphere refraction delay, second-order ionagphffects, S1/S2 atmospheric tidal loading
and other areas. The POD team will evaluate theggested model changes for ease of
implementation and applicability to Jason-1 anadasPOD.
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9.4 Geoid and Mean Sea Surface Products and impaamh SLA

Chairs : Ole Andersen and Yannice Faugere

This splinter onGeoid and Mean Sea Surface Product and impact on $Lhad a total of 5
presentations with 3 main subjects
Two presentations devoted to the presentationne2 Mean Sea Surface.
Two presentations were devoted to presentatioreoifdgand Mean dynamic Topography
results.
One presentation reported on the Potential impreverof geoid/MSS using a geodetic
mission — related to J1 end of life

New Mean Sea Surfaces

The two MSS presentations introduced the two newsSM&iich have been released this year:
CNES_CLS10 and DTU10. Dramatic improvements areesti in the new MSS modelling,
notably
» Extended temporal coverage
* Resolution refinement for both MSS
» Ocean variability: it is important to remove prdyethe ocean variability (noise for
MSS) for geodetic data but also for mean profikegensive work has been performed in
CLSCNES10 to optimally remove the ocean variapilit
» Strong improvement near the coast and in polaomsgiDTU10 uses ERS-1 retracked
data and Icesat data to improve these regions ladTUL10 covers the entire Arctic
Ocean.

MSS CLS01 -EGMO08 J MSS CNES_CLS10-EGMO3

H- EGMOS (SMO_CES01) 1= EGVIOS (SMO_10)

140

00 01 02 03 04 05 06 OF 08 09 10

Figure 9.4.1:CLSO01 (left), difference CLS01-CLS10 (middle) &ddS10 left.

-0.10 -0.08 -0.06 -004 -002 000 002 004 006 008 010

The intercomparison between the two MSS demonsilrtitat collaborations should continue
between the MSS development teams in order to Ueelgharacterize the MSS error. There are
good perspectives for MSS improvement in the conyear, with the upcoming missions with
geodetic or slowly-evolving groundtracks (CRYOSATY?2). In the session discussions, the
importance of the choice of a geodetic J1-EOL traak stressed for MSS applications.
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New Mean Dynamic Topography Products

Exciting improvements to Mean Dynamic Topographyswabtained using the preliminary
GOCE geoids and was presented in two presentafldmee GOCE solutions based on 71 days
of data have been released, based on differentocaitgy.

* Quantitative assessment of direct MDT (MSS-Gead)itained with GOCE data

» Expecting the next release of GOCE for further Itssu

Figure 9.4.2: MDT derived using GOCE geoid (left), GRACE geamiddle) and CNES/CLS09
MDT (right) for the Gulf Stream.

The final presentations related to the potentigbromement of geoid/MSS using a geodetic

mission — related to the End of Life discussiodbf Some points raised were:

» Big interest for a Jason-1 geodetic mission. Fdh WSS and geoid improvement and also
from other communities (like biology)

» Jl's inclination is fundamental for improving theogd modeling, because of the increased
angle of the tracks near the equator (Cryosatlmiaion is 98°).

* 1 year of Jason-1 GM would improve MSS + Geoid mheiteation and possible uncover >
50000 unknown seamounts

* Would benefit future satellite missions (like Ja&® with new orbits)

* Recommendation: A possible GM configuration (320-4dys) will result in 10 km track
resolution — so two interlaced repeats are reqydan)

But it will degrade the SLA restitution (importaist oceanographers). By how much?

* Recent MSS error study should be carefully re-awlywith new CLS10 : First results
show that the problem found on MSS CNES-CLS10 da¢smpact the global performance
estimations (local impact only)

» Several presentations demonstrated the MSS erBoiSidetween historical tracks

* Recommendation : initiate exercise of “Envisat rgraund track” assimilation in model to
validate if data on new tracks are adequate entarghceanography
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9.5 Near real-time products, validation and applicdons

Chairs: Hans Bonekamp, J. Lillibridge, G.Jacobbs

On Tuesday 19 October 2010 the near real-time (NB©puct validation and application
session was held. The session consisted of 5 oraéptation and 10 posters. In addition, there
were short discussions on the end-of-life orbittfoe Jason-1 Mission and the orbit choice for
the proposed Jason-CS (Continuity of Service) miissThe session encompassed a wide variety
of topics demonstrating the broad use of satedlitenetry data in near real time: It included
contributions on ocean circulation modelling, wawedelling, NRT processing , multi mission
products, monitoring of global lakes and reserydhe 2010 Chile tsunami , observations during
extreme events, and iceberg detection.

Processing, Multi-mission NRT products:

» Jayles et al. (oral presentation) discussed the wemsion of the DIODE (DORIS
Immediate Orbit on-board Determination) NavigatiSoftware (DGXX v8_00 flight
software ,including Diode v4.02 version) as uplahden-board DORIS/Jason-2 in
February 2010. Since then the accuracy of the amebDORIS/DIODE orbits has been
oscillating between 1 and 5 cm radial RMS as coenbap the final Precise Orbit
Ephemeris (POE) orbit, significantly enhancing @8DR SSH products (Figure 9.5.1).
In the future, a one-centimeter radial RMS accpiagossible with further updates of
DIODE. For cryosat-2 first POD results with the DISRsystem (without optimisation)
show a Radial RMS (just) below 10 centimeters.
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Figure 9.5.1. Radial RMS error from Jason-2 DORIS/DODE system. Errors reduced significantly
after upload of new onboard DIODE software in Febrary, 2010.

» Desai and Haines (oral presentation) described8BPR-SSHA and GPS-based GPS-
OGDR-SSHA products, respectively. These 1-Hz NRTH&Smeasurements have
accuracies of 4 cm or better (RMS), with latenoddsresp. 7 and 4 hours. Recent
advances in GPS technology have enabled the achémteof 1-cm orbit accuracies
(radial RMS) for Jason-2 within 4 hours of realeiifiFigure 9.5.2). There are no current
GPS data from Jason-1 to support POD, but the 8&A differences (Jason-1 vs.
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Jason-2) at ground-track crossing locations (crna=sd can be used to improve NRT
orbit altitudes for Jason-1 reviving NRT OSDR SSpiaduct.

Median of Daily RMS of Orbit Differences
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Figure 9.5.2. Comparison of RMS radial orbit errorsfor NRT products: DORIS/DIODE and GPS-
OGDR vs. the Interim GDR Medium-precision Orbit Ephemeris (MOE).

Leben et al (poster) explained the CCAR NRT mulission product and its use in a
NRT Web Map Service (WMS) using Google Earth andadyical color scaling to
reveal relevant ocean eddy features at all sckigs9.5.3).

Figure 9.5.3. Sampl Google Erth/Oean dynamic zos of imagery are shown abve of a “very
cold warm-core eddy” in the Southern Ocean in Octoér 2003 that was highlighted in the Goddard
Earth Sciences Data and Information Services Cente$cience Focus Webpage. Aqua MODIS ocean

color (upper panels) and MODIS SST (middle panelsmages near South Georgia Island from a rare
cloud-free time period on 19 October are shown alanwith the AVISO merged sea level anomaly
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from 23 October. A 3°C warm-core eddy with very lowchlorophyll concentration “pops” into view in
the highest resolution zoom.

Dibarboure et al (poster) demonstrated how theviddal missions are contributing to
the AVISO/DUACS multi-mission product by applyinget Degrees of Freedom of
Signals (DFS) technique. It was shown with the CHRSlysis that a third mission (e.g.
Jason-1) added in the assimilation scheme to teetivo (Jason-2 and ENVISAT) is
bringing nearly full extent contribution to the prect. The level of duplication
(oversampling) is only a few percent (Fig. 9.5.4).

Bl [ [ [V (] 0.35 3 [ Ls

Figure 9.5.4. Fraction of the satellite-specific fmrmation content actually used by the Optimal
Interpolation for a Jason-1 + Jason-2 + ENVISAT map Top map for Jason-2 and bottom for
ENVISAT.

Wind and Wave data and wave model applications:

Lefevre et al (poster) showed assessments of thevimir of the updated version of the
wave prediction system at Meteo-France (MFWAM) xtreme conditions. Periods of
availability of two altimeter missions demonstratée largest reduction in analysis
errors. In terms of forcing, the best performaneese achieved with blended (Numerical
Weather Prediction + scatterometer) surface windlpcts (Fig. 9.5.5).
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Figure 9.5.5. A limited area Numerical Weather Predttion model, ALADIN/REUNION, was
implemented at La Reunion in 2006 with hurricane bgusing and has been improved in 2008 with the
introduction of a 3D wind vortex based on hurricaneadvisories issued by the La Reunion Hurricane
Center. A regional MFWAM wave model nested in the lpbal model has been implemented recently,
covering part of the Indian Ocean with ¥° resolutia.

Quilfen et al (poster) addressed the issue of higius (> 18 m/s) from altimeter data.
Currently these are inaccurate for Jason-1 andndasdue to lack of calibration. A

dedicated high wind algorithm was proposed basedank with QuikSCAT data. This

algorithm was also presented in the oral presemtdiy Vandemark et al. Furthermore,
an outreach was made to the upcoming CFOSAT migBign 9.5.6).
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Figure 9.5.6. Behavior of altimeter backscatter as function of QuickScat wind speed. New high
wind algorithm: U = 96.98 — 7.32 *g, (Ku band, in dB) for U > 18 m/s.
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Vandermark et al. (oral presentation) gave an ogenof wind and wave data use at
NCEP and the current project to enhance it. Altenetind and wave data are forwarded
to operational forecast desks and displayed udiegN-AWIPS tool. The algorithm
based on Young 1993 for gale to storm force asudssd also at Quilfen et al (poster)
has been delivered to the NCEP Ocean Predictiote€ansummer 2010. Publication in
JAOT is under review. They also recalled the IOQEMWMO (EUMETSAT/NOAA)
forecaster workshopeld Dec. 2009, work that is going to be contin(féd. 9.5.7).
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Figure 9.5.7. High altimetric wind speed algorithm:linear and similar to Young (1993); easy to apply
to Jason-1, Jason-2, or ENVISAT. To be published inQuilfen, Vandemark, Chapron, Feng,
Sienkiewicz, Estimating gale to hurricane force wids using the satellite altimeter, JAOT in review,
2010.

Tournadre et al (oral presentation) presented wbrihe IOWAGA project to improve
wave modelling. They showed the example of how & parameterization for wave
dissipation has been investigated from altmeted (8&R) data. In particular, small
icebergs as observed in altimeter data act as Wwegaks in the middle of the ocean. A
new parameterization including this effect has bpeposed. In this new scheme most
of the improvements result from the enhancedewdissipation from breaking. The
better quality of the wave models with these patarations (e.g. better 3rd and 4th
moments) can be exploited to derive better sete di@s corrections in altmeter
processing (Fig. 9.5.8)
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Figure 9.5.8. Model errors without and with iceberg, year 2008: note the impact in the south Pacific,
very particular for that year. Figure from Tournadr e et al., in revision with GRL.

Ocean model assimilation applications:

» Dombrowsky et al. (oral presentation) explainedrired-time use of altimeter data in the
Mercator Océan forecasting and reanalysis systéteshighlighted some Observing
System Experiments for the North Atlantic and Med#nean. These experiments were
showing strong degradation of the model analyséls decreasing number of missions.
In fact there was no model forecast skill withossienilation of altimeter (even with the
assimilation of SST and T/S profile data), Fig..9.5

2008 ,/06,/10

Latituda

D08 a.08 D.12 a8 0.24 _ 036 036 42 048 54 0.80
Figure 9.5.9. Example of the Mercator Ocean modelystem, with a horizontal resolution of 1/12° and
50 vertical layers. The animation exhibits strong rasoscale variability as well as the high frequency
barotropic response of the ocean to passing atmosgtic pressure systems.
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Brankart et al. (poster) addressed the parametierzaf the observation error covariance
matrix in an ocean model data assimilation syst€aintan Filter) and demonstrated its
applicability in analysis with the NEMO ocean mottal the North Brazil current. These
parameterizations did show to help in dealing vatinrelated noise resulting in further
minimisation of analyses errors (Fig. 9.5.10).
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Figure 9.5.10. Mean (top) and standard deviation (@ttom) of the 5 year simulation in the Brazil
Current for sea surface height (in m, left panel) ad sea surface velocity (in m/s, right panel).

Chao et al. (poster) demonstrated a system to dd NRdel forecasting along the
Californian coast. The Regional Ocean Modellingt&ys(ROMS) is now running 24/7
in real time off the Californian Bight the Monter8ay and in Alaska’s Prince William
Sound (Fig. 9.5.11).

Three Level Nested Monterey Bay ROMS Model

Figure 1
SST Shaded Relieved with SSH B

Figure 9.5.11. The nested ROMS Multi-Scale 3D Variamnal data assimilation system has the ability
to assimilate both in situ data (vertical profilesof temperature & salinity from ships, moorings,
gliders, and profiling floats) and remotely sensedata (satellite SST and land-based HF radar).
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» Dohan et al (poster) explained the use of the AVEBOACS near real time and delayed
time products in the Ocean Surface Current Analigss-time (OSCAR) system, which
combines altimetry measurements with wind inforovatito produce geostrophic +
Ekman surface current estimates. Traditionally NRDDAS SSH products were used,

but the DUACS system if providing very good res(ig. 9.5.12).

NRL Dec.01,2009 kmiday

NRT Dec.01,2009 e RT Dec.01,2009 Vi

4% 1o

3% 0% 879 4% 1w L 0% 7% 840 1% el 0% )

Figure 9.5.12. Sample OSCAR fields in the Gulf of Mxico using AVISO NRT, RT and NRL fields. A daily
OSCAR version for real time uses is in developmentyith preliminary results in the Gulf presented at:

www.esr.org

Land/Hydrology applications
» Birkett et al. (poster) showed the application dRINmonitoring of global lakes and

reservoirs. Validations are made using gauge dadaceoss-platform data sets. It was
concluded that with ENVISAT and Jason-2 an excelpmrformance has been achieved

(Fig. 9.5.13).
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Catastrophic Events:
* Smith et al. (poster) examined radar altimeter Vi@awves over the DeepWater Horizon

2010 oil spill in the Gulf of Mexico. They found tioin C and Ku band bright (specular)
reflectors over the spill area with power levelscmexceeding the normal ones. These
findings can be used to further develop oil disanation methods.

Image: 24 May 2010

Altimetry: 25 May 2010

Jason-2 Ku Band Radar
‘Waveform power from left fo right. Footprint

Footprint ”
Leaves 0il? A\, Flight Direction

Figure 9.5.14. Qil on the ocean surface makes therface unusually reflective at Ku and C band,
causing a “bloom” of sigma-0 and a disruption of tle waveform’s shape and track point. This affects
all geophysical tracker outputs (range, sigma-0, SW, etc.) and also other parameters (MQE, pulse
peakiness, etc.) These parameters, and waveformseavailable at 20 Hz for both Ku and C band in

Jason-1 andJason-2.

» Song et al. (poster) showed that the Chilean tsugamerated by the February 27, 2010
earthquake was observed on Jason 1 and Jasork&. tBamchronisation analyses were
made with a tsunami model to investigate the prapag patterns of the leading waves.
(Fig. 9.5.15).
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(a) Real-tme GPS (Santiago) (b) GPS-Predicted Tsunami (Feb 27 Chile M2.8)
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Figure 9.5.15. GPS data were used successfully istienating the size of the Chile tsunami and altimedr data
were used to confirm the estimation after the event(a) GPS-forced real-time GPS displacement data
obtained from NASA/JPL global differential GPS sysem on 27-Feb-2010; (b) GPS data were used in the
earthquake source model and forced an ocean modebrfsimulation of the Chile tsunami; (c) the model
tsunami compared with Jason-1 and Jason-2 altimetrgata, confirming the tsunami’s size.

Discussions:

Jason-1 EOL orbit: there was little discussion. ivave applications are basically
immune (orbit error and MSS are not an issue...) Ftbenoperational oceanography
perpective: Good services depend on three goodifumicg nadir altimeters. ENVISAT
is moving to new orbit in October 2010: Having Jad4oin same orbit would avoid
further degradation in services. Hence the recondia@m from the splinter was to delay
a move from reference orbit.

Jason-CS Orbit. Little discussion. Wind/wave amgilans: No input NRT POD: Impact

of an orbit height change on NRT POD with DORIStegsis negligible. See very good
first results of DORIS/DIODE on Cryosat-2. Operaab Oceanography: In addition to

temporal and spatial sampling (with +3 missiong)cusacy of missions (reference
mission) is very important. The need for a goo@rimhission cross-calibration. Hence a
weak recommendation was to stay on in the T/P .oitbwas remarked that schedule is
important for Jason-3/Jason-CS Cal/Val. With a meMeng overlap in time is needed to
tune MSS.

No recommendations were made on future Jasornrdgétirements

67



9.6 Outreach, education & altimetric data services
Chairs: Vinca Rosmorduc, Margaret Srinivasan

Due to scheduling constraints for the 3-day OST&Eting this year, the Outreach session was
expanded to include data services. Six oral prasiens, eleven activities in the annual
‘Outreach Showcase’ element, and ten posters madleeyoint Outreach/Data Services session.
The Tuesday (10/19/2010) afternoon session wasdateby about 50 science team members,
students from a French junior high and high schad others.

This year, the “outreach showcase” portion of thes®n consisted of eleven presentations by
OSTST scientists, data services personnel, aneamitrteam members. We encourage OSTST
scientists to present the outreach activities amhts they have had throughout the year, or to
discuss any outreach-focused product development iave been involved in. It is beneficial
for us to be aware of public and educational oatreactivities that OSTST members are
involved in and what the impact of those activifiesducts is. We are interested in learning
about any and all outreach activities and prodin@s OSTST members are involved with, and it
was quite gratifying to see just how much our sogeteam members support education and
public outreach.

Once again, as at the 2008 OSTST meeting in Niesde, the CNES Education Lead brought a
group of junior high and high school students dmglrtteachers to participate in the meeting.
They reported with great enthusiasm on the scientegities linked to altimetry they conducted
during the school year. The junior high school stid used altimeter and other data to examine
the so-called “plastic island” occurring in the MoPacific. The high school students constructed
a buoy equipped with temperature sensors, which titaeked using satellite data, and planned
to compare with altimetry mapBoth groups will continue using ocean data in 2Q0Q4. High
school students will build a new buoy, for releaseéhe Liguro-Provencal current (along the
French coast of the Mediterranean). Ocean datldimg altimetry will be used to monitor and
analyze the buoy’s path.

2009-2010 Highlights

The focus of outreach and educational activitiethefpast year included continued promotion of
the societal benefits of ocean altimetry data, ligbis of the Jason-1/OSTM-Jason-2 tandem
mission, and products to promote the science amdicafions of the data. In addition, an
emphasis on climate literacy has been engagedtieamn and education products and events.
JPL held the second of an anticipated annual ‘Génfizay’ event in March 2010 in Pasadena,
California.

An important outreach focus this year has been aia @dnprovement with respect to quality,
user-dedicated and high level processing, anddta ktrieval tools that provide easier access to
altimetry data for all levels of user.

The JPL Ocean Surface Topography and the AVISOgage regularly updated to feature and
highlight science and outreach activities. Thediwihg are some of the activities and products
developed this year:

» JPL Earth mission science results posters (inctu@oean Surface Topography)
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* New banner stand displays featuring OST, SWOT aRAGE

* CNES/SALP 2010 wall calendar

» Google Earth browse through altimetry applicatiGhgISO)

» Coastal Data Use case (“PISTACH” data)

» CNES’ Argonautica 2009-2010

* JPL’s 2010 Revision “Discovering the Ocean” bookero

* Aviso Newsletters 4 and 5

* OST missions in NASA Web “Eyes on the Earth”

* New SWOT brochure

* DORIS “20 years” material (leaflet, Rollup, moviegw logo

* Animation made within the CNES/MyOcean/Mercator &céollaboration (different
parameters / techniques used — SST, model, altiimetr

* “VIGIE” educational project (High school studentsrh Toulouse plus retired and active
scientists/engineers)

User-dedicated approach of data & tools

There are many activities ongoing in the area ¢& daprovement,; for data quality, for user-
dedicated/high level processing, as well as foa datrieval tools (providing tools to ease the
access of altimetry data, at all levels).

The era of “one data type fits all” is certainlyeovn oceanography. New and potential users
have a wide variety of concerns, and have diffegalls and capabilities with respect to
processing and interpreting data. New, highly esfindata can help gain more new users and
thus prove the interest in and use of altimetrye dhtreach and data services efforts are focusing
on:
» Developing systems to distribute data that is bedftgted to user needs (including data
bases, data mining...),
» Providing increasingly refined products (filamentsjicators— e.g. MSL, ENSO, coastal,
hydrology products, etc.),
» Developing tools to aid new users with data prosluahd interpretation tools and
knowledge.

Different services are planned /in developmentgearvice (CNES, JPL, LEGOS, NOAA, Delft
Technical University...), to enable users to defind download their own products.

Education
ESA, CLS, and CNES have developed the Basic Rallemeitry Tool as a training aid for new
and existing users. A wide variety of data prodwaetd levels for access to ocean altimetry data
is a recurring concern. This tool can be an aicethrcation:

» In formal classroom settings (universities, fortbstudents and teachers),

* In developing countries, for scientists and engisewith very little, or even no

experience in satellite data use.
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Benefits of this tool can extend to new, and medated users who traditionally have had no
formal access to processing techniques and cafpedili

Science Team members continue to contribute teeadlr by conducting altimeter data trainings
in developing countries, e.g., in Indonesia andonntries in Africa. Science Team members
who are contacted to teach or help during theseirigs, which are now being organized all
around the world, are encouraged to provide inféionaon training schedules and content to
either PODAAC or AVISO so that the information che easily provided to new, and
prospective users in isolated regions.

Climate is a major focus for the general populawe ia particular for students. This ‘hot’ topic
can be an incentive for engaging young people whma science or policy-oriented educational
paths and are concerned about climate issues gritations for their own future and who are
enthusiastic in their approach to learning. Soméheftools from the altimetry outreach effort
that can support students include:

* Argonautica

* JPL Climate Day

* Media activities; web, press releases, features, et

* Promotion of OST science & applications

New Planned Efforts
The focus of the outreach team for the coming yathibe on education and public outreach, as
well as applications outreach for all of the exigtiand upcoming ocean altimetry missions—
Jason-1, OSTM/Jason-2, Jason-3, SWOT and Saralaftm@pated elements of this focus (not
withstanding new opportunities) will include;

» France/US joint education activity

» Altimetry and multi-sensor applications promotion

» Coverage of science team research and other ajpphis@n web, posters, products

* Google Earth altimetry application browser withesiss of new images

» Development of more “Data Use Cases” with coastdltaydrology data

* Development of more “Data Use Cases” for BRAT fraifiéryosat, geostrophic
velocities, GOCE/altimetry)

* New animations made within the collaboration CNEIMean/Mercator Océan

* VIGIEZ2 (High school students plus retired and aeseientists/engineers)

* Saral movie

e 2011 CNES/SALP wall calendar
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9.7 Tides, internal tides and high-frequency process

Chairs : Florent Lyard, Rui Ponte, Richard Ray

A total of 11 abstracts were submitted to the s$pfirsession, resulting in 6 poster and 5 oral

presentations. A full listing of the contributions¢luding titles and authors, can be found in the

meeting program. The oral session took place orsdaye October 19 (16:30-18:00) and was

chaired by Ponte and Lyard. A brief summary ofdhed session is given here. For further details,
copies of the posters as well as the slides frarothl presentations are available at the meeting
website:

http://www.aviso.oceanobs.com/ostst

The oral session started with a talk by Legeaighenrelevance of altimeter observations for
tsunami detection and monitoring. Although the éa2§04 Sumatra tsunami was well observed,
more extensive altimeter data analysis, in relatmall large tsunami-generating earthquakes in
the altimeter era, revealed considerable difficuitgapturing the generation and propagation of
tsunamis in their initial stages, even with sevealilmeters flying at the same time. The
altimeter observations were deemed important, hewevor post-event validation and
improvement of tsunami generation and propagatiodets.

The following talk by Cherniawsky dealt with thefesfts of seasonal modulation of tides in
shallow seas. As the length of the altimeter recandtinues to increase, it is now possible to
investigate temporal variability of the tides. Tiesults presented focused on the modulation of
M, and Q potentially related to changes in stratificatiamdaother ocean parameters at the
seasonal period. Comparison of hydrodynamic (3-Dyleh solutions with altimeter data for a
couple of shallow seas yielded mixed results, geebed given that the modulation effects under
consideration are small and the data still conatolgrnoisy.

The presentation by Cancet (filling in for Lux) te=d on regional tide solutions and high
frequency dynamical atmospheric corrections (DAQ) fthe Northeast Atlantic and
Mediterranean Sea. These are prototype producer wiedelopment with the goal of improving
coastal altimetry data processing. The recentlglpeed tidal atlases (COMAPI CNES project)
do strongly improve the tidal prediction needed d@-aliasing correction in coastal regions,
while scoring similarly to global atlases such a®T&.7 in deeper regions. Consistent tidal
loading computation is still needed to reach th&naogd accuracy from regional tidal model
corrections. Regional “storm surge” models (neefdedhe DAC) have been validated through
tide gauge comparison, but estimates of regionaugeglobal expected improvements are still to
be processed. Efforts towards improving regionalremtions in altimetry processing will
continue, especially in the perspective of the SWadsion.

A similar topic was discussed in the talk by Lyardthe methodology and validation of regional
tidal atlas in coastal and shelf seas. Compareth@éodeep ocean tide spectrum, many more
constituents need to be included in the predicsipectrum, often with significant but relatively
weak amplitudes. Those constituents are barely realske from altimetry in most places,
making assimilation extremely challenging. The némddata cleanup before assimilation was
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emphasized, particularly regarding contaminaticmfrinternal tides, as well as the need for
better characterization of errors for minor constitts. The production of future regional, high
resolution and accurate tidal atlases will stillmded the improvement of the direct
hydrodynamic solvers (the most crucial parameténgothe model’'s bathymetry, and thus the
accuracy of available ocean bottom topography @ased) and of the assimilation procedure
(such as multi-constituents simultaneous assiriti

The final talk by Lyard (filling in for Lamourouxfjpocused on a new methodology for handling
the § and $ tides in the altimeter data processing and thggr@priate treatment in the tide
correction and DAC. Those two tides have a stramgoapheric pressure-forced contribution
(radiational component), whose stability with timeguestioned. In the; £ase, the infra-annual
variability pleads for not including;Sn the tidal spectrum, but instead to take it iat@count as
part of the DAC (including the high frequency respe to atmospheric wind and pressure
forcing). In the $ case, present global tidal atlases used for sidglal decontamination in sea
level anomalies already include a kind of averagBational contribution because of the use of
observations in their construction (assimilationdoect empirical analyses). This average must
be consistently removed from the DAC to avoid deubbrrection. Given the newly released
ECMWEF products at 3-hour sampling, the direct modelof the $ radiational tide is now
feasible. Due to seasonal variability and intertminstability, the proper extraction of an
average pradiational tide, i.e. consistent with tidal adasseems feasible and might provide the
basis for an improved high frequency de-aliasing ghown for a limited set of tide gauges).
However, additional investigations are still neetetbre proposing an operational methodology
based on this approach.

The session ended with a brief discussion of thaes related to the definition of (1) the Jason-1
end-of-life orbit and (2) the future Jason-CS ahbih the context of the tides and high-frequency
aliasing topic. With regard to (1), the importaraferegular sampling and long records for best
determination of tides, as well as for assessing-tital aliasing signals, provided a strong
consensus to keep Jason-1 in its current intertbavkit for as long as possible. Alternative
drifting orbits are difficult to use for tidal pusges, although it was recognized that improved
bathymetry resulting from these orbits could befulstor the study of tidal dissipation and
related ocean mixing, particularly in the deep oceédith regard to issue (2), a move to a
different orbit could help fill data holes in mamggions (particularly important issue in coastal
regions), as well as cover more of the high lagtudgions. Thus, a change of orbit from the
TOPEX and Jason orbits was preferred, as long @septtidal aliasing periods were observed.
Preference for orbits with shorter repeat periodss valso mentioned, because baroclinic
dynamics become more and more important at longeogs, and dealiasing (non-tidal) models
that account for those processes would need tmpkmented.
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9.8 59-day variations in J1 & J2
Chairs: N. Picot, R. Scharroo

For per-cycle global means, tl&-TX bias is highly corrected with the amount of ime
TX/J1 spent in the Sun.

Jason-1 cycle #
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Figure 9.8.1 Temporal evolution of the bias between Jason-1TEopukx (black) compared to the amount of time
TX/J1 spent in the Sun (red).

TOPEX CoG Correction :

* Analysis of algorithm and SLR residuals confirmsstence and sign of CoG variation of
TOPEX

* No such variations exist on J1 and J2
» CoG variation seen in TOPEX attitude
Need to analyse SA deployment error
Need to find design of or actual SA part

Jason-1 instrument/platform behaviour:
* No significant temperature 59-day variation meagatealtimeter
Should also be evaluated along orbit
Similar studies to be conducted for TOPEX and J&son
* No significant orbit error at 59-day cycle
* No CoG variation observed nor expected in Jasoausecof design

Tide solutions :

» Clear indication that not applying or wrongly apgpty CoG correction on TOPEX leaks
into empirical S2 tide model

* FES2004 model should be less sensitive to thig émgyarodynamic)
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» Tide model differences can explain some, but adstanot all of the observed 59-day
cycle

Impacts :
» 59-day cycle does not impact sea level trend af kime periods, but doesimpact the
confidence level
* Not solving the causes will affect / has affecielé todelling
* More studies required to identify other impacts podsible causes

Other suggestions:
» Time tag bias (TX), sigma0 variations, off-nadirigong (J1) might be related to the
observed 59-day variations
» Difference between TOPEX A and B suggests instruat@auses
» Evaluations best conducted both on cycle averagestf) and along-orbit (20 mm)
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Figure 9.8.2(left) Mean Jason-1 and Topex sea level differepldted as a function of orbit angle (alpha’) and
solar aspect angle (beta’). (right) Mean orbit -nge difference between Jason-1 and Topex, as &daraf orbit
angle and solar aspect angle. Note : orbit anglpha’, is the angular separation of the spacecfedm the orbital
6 a.m. position. The solar aspect angle, betdhésangle between the Earth/Sun position vectorthadrbital
plane.

Conclusions:
Theerror seems to come from TOPEXbut maybe not from CoG correction) but it is ditfit
to find information. The thermal sensitivity of tlafimeter should be studied (PTR, USO, time

base evolution, etc.).
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9.9 Ocean circulation science results
Chairs: R. Morrow, J. Willis

In addition to a large number of quality postersgrgations, we were able to have two splinter
sessions dedicated to scientific studies usingnattly for ocean applications. There were also
dedicated poster sessions for the coastal, taalesirface waters, and future altimetric missions,
as these subjects were discussed in separate Vdpekshch side of the OSTST meeting.

The first splinter session dealt with basin-scatecpsses, where altimetry was used jointly with
other oceanographic data sets and atmosphericmfpterms to monitor the upper ocean heat
budget in the North Atlantic and the North Pacibicto study circulation changes in the tropical
Atlantic or between the North Atlantic subtropieald subpolar gyres. Talks also addressed the
impact of assimilating altimetry into a high redada model of the North Atlantic, and on the
intrinsic variability of the ocean revealed by ghbkimulations, and validated with altimetry.

The second splinter session dealt with the circadabf regional current systems observed with
altimetry and other observations, with talks on bbifarcation of the north equatorial current off
the Philippines, on the western boundary currentghe Soloman Seas and off the East
Australian coast, and on the Antarctic Circumpourrent. Two final talks presented an
analysis of the temporal spectrum in the ocean itndegional variations, and discussed the
impact of these changes for calculating sea leneglds from limited time series. A final talk
discussed a statistical technique for deriving onceaxing parameters from multi-satellite
altimetry measurements, - a theme which was discuss greater detail in the following
Workshop on 21-22 October.

The oral and poster presentations for this sessiarbe found on the AVISO website :
http://www.aviso.oceanobs.com/ostst

75N

45N ===

30N

15N

158

308

458

o mBea

30E 60E 90E 120E 150E 180 150W 120w 90w 6ow 30w 0

75



Figure 9.9.1: The sea level spectrum — the rainbow effect istedl to Rossby wave dynamics. Rossby
waves have a maximum possible frequency, whichndspen stratification and latitude, and can be
mapped. Regions in white need a long time seridsriwe significant sea level trends. (after Hughes

Oral presentations :

Estimates of the Ocean Heat Budget in the Nortlamit: the role of ocean heat transport
convergence
L. THOMPSON (University of Washington)

North tropical Atlantic ocean circulation from aftetry and ARAMIS data
S. ARNAULT (LOCEAN/IRD)

Subtropical-subpolar exchange in the n Atlantien@pheric forcing, SSH structure, carbon,
AMOC, AMV
P. RHINES (University of Washington)

Impact of assimilating SSH on the dynamics of the ulfG Stream
J. RICHMAN (Naval Research Laboratory)

Satellite-observed changes in the upper oceanBwelget of the Northeast Pacific during 1993-
2004
S. SPRINGER (Earth and Space Research)

Intrinsic interannual variability in the ocean olgal simulations and altimeter observations (107)
T. PENDUFF, (LEGI-CNRS and FSU,)

Interannual-to-decadal variability in the bifurcati of the north equatorial current off the
Philippines
B QIU (University of Hawaii at Manoa)

The LLWBCs of the Solomon Sea depicted by altimetry
L. GOURDEAU (IRD/LEGOS)

Structure of the Antarctic Circumpolar Current imake Passage observed from satellite
altimetry
N. BARRE (LOCEAN)

Decadal Changes in the East Australian Currenersystetermined from XBT transects, satellite
altimetry and a high-resolution ocean model
K. RIDGWAY (CSIRO)

Colour of the sea level spectrum: when are obsetreedls statistically significant?
C. HUGHES (National Oceanography Centre)

Surface ocean mixing inferred from different mutedlite altimetry measurements
F. BERON-VERA (RSMAS, University of Miami)

9.10 Global and Regional Mean Sea Level studies

Chair : J. Willis

In addition to two splinter sessions on ocean ittan science results, a splinter session on
global and regional mean sea level studies was heté session included 5 oral talks and 12
poster presentations. These studies focused amet@nd global sea level changes and their
causes, and included efforts to reconstruct sed tdanges in the global oceans as well as in
marginal seas prior to the satellite altimeter rdcdSeveral authors also focused on the overall
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accuracy of global sea level estimates based osatedlite altimeter record. Finally, several
authors considered the causes of regional varmtiosea level change.

The oral and poster presentations for this sessiarbe found on the AVISO website :
http://www.aviso.oceanobs.com/ostst

Oral presentations :

Reconstructing global mean sea level from tide gaugsing satellite altimetry
B. HAMLINGTON (Univ. of Colorado)

Comparison of altimeter-based global mean sea tevelseries
R.S. NEREM (Univ. of Colorado)

Reconstruction of the Mediterranean sea level fditia over 1970-2006 derived from altimetry
and 2 long OGCM runs
B. MEYSSIGNAC (CNES)

Reconstruction of recent sea level changes in ieasidnds region
BECKER Melanie (LEGOS/CNRYS)

Evaluating and interpreting the global and regiaea level climate record
E. LEULIETTE (NOAA)
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Figure 9.10.1: Global mean sea level from altimeter data vatlnear trend removed (blue). Also
shown is the Multivariate ENSO Index. The clogeespondence between the two suggests a that El
Nino may play a role in year to year fluctuationggiobal sea level (from Nerem).
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10. Conclusions
The closing session was chaired by R. Morrow aMillis.

10.1Jason-2 GDR-C Reprocessing

After the summaries from the splinter session shai. Picot presented a summary of the J2
GDR-C reprocessing status and standards, on befhthke four project partners.

Jason-2 GDR-C standards : evolutions already implesnted :
(3 cycles were reprocessed before the OSTST)

* New J2 AMR processing and updates to work aroua@thGHz VFC anomaly

» Use of a null mispointing value in input of the @nld retracking algorithm

» Use of LTM information filtered over X days

* New tide model (GOTO00.2 replaced by GOT 4.7)

» Polar tide anomaly correction

* Long period non equilibrium tide anomaly correction

* SSHA on OGDRs computed when meteo grid are exiatgubl

* NRT orbit quality flag in OGDR products

* Some complementary evolutions (specifications ugxjdypos in the products, etc.)

» Update of the altimeter characterization file amgpacts

* Ice Flag in SSHA products

* New parameters in SGDR products (including all Mlde3ived parameters)
However, some additional evolutions should be imgaeted before Jason2 GDR_C processing
starts:

* The wind is overestimated, and the SSB could/shbaldomputed with a wind derived
from MLE3 estimates.
=> N Tran has proposed a solution that will be eesd by a dedicated sub group in the
coming weeks to provide final advice to the project

* The ionospheric correction is underestimated.
=> the C band internal path delay will be reviewedtry to explain this bias. No
artificial bias will be applied to align JA2 iondsgric correction to JA1

* An additional correction is needed to account foe pseudo datation bias and the
reference plan bias, which will be implemented A& GDR-C

* MLE3 parameter estimates are required in the GDRdyzts (not only in the sensor
products)

Other improvements may be included before the Za&IPR_C processing starts, depending on
their availability after validation :

» Update tide model with GOT 4.8 or 4.9

* Use high horizontal resolution ECMWF met files (1064
* Include JPL GPS altitude information in GDRs praduc
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Thetentative schedule for reprocessing beginningafter March/April 2011 . The JA2 GDR-C
reprocessing should be completed before summer. 24 reprocessing will start with the
JA1/JA2 tandem phase in order to derive relatias @stimates between both missions. This
relative bias shall be widely published by all pis communication means, in response to users
complaints about the lack of available informatgmthat topic.

A final point was to clarify the biases between 38 (Poseidon 2) and JA2 (Poseidon 3) range
measurements, which was originally discussed aStwtle OSTST meeting in June 2009. N.
Picot presented an overview of work done to baiteterstand these biases, which should be
small since both instruments (Poseidon2 and Pos8)dwre very close in term of hardware.

The CalVal studies show a JA1-JA2 range differeficethe Ku Band of 8.3 cm during the
tandem phase, obtained from global analyses or filmenin-situ CalVal sites. Most of this
relative range bias comes from an error in somameterization files on Jason-1 and Jason-2
discovered by the project before the Seattle OSHg€ting in June 2009. There are 2 main
components which contribute to this bias :

* A wrong altimeter PRF is applied today in the gmbsegment (Truncation effect) for

both missions
A wrong altimeter internal path delay value is usmd JA1l (derived from ground

measurement)

Parameter JASONL  |JAsON2  PAS-UJAS-2
Difference

PRF truncation effect -0.316 cm -2.471 cm -2.156 cm

Alti correction for Ku band| 4.151466 m fﬁ268487142 11.70211423 cm

The sum of these two errors creates a total differdor the Ku band of 9.5 cm, which explains
a large part of the observed bias. The remainifigrénce in Ku Band is only ~ 1.2 cm.

If we also take into account the 10 mm bias on itdmspheric correction, the relative bias
between Jason-1 and Jason-2 would be close to Z&is.needs to be further investigated
(notably on the C-band) but, if confirmed, bothedldes are measuring sea surface consistently,
and both are higher than T/P by about 20 cm.

The bias in the JA2 data from both sources willcberected in the upcoming JA2 GDR-C
reprocessing. The bias in the JA1 GDR-C data wit be corrected until JA1 GDR-D
reprocessing is undertaken. Efforts will be maweléarly communicate a point on these biases,
when the JA2 GDR-C data are released.
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Absolute bias | Additional
GDR included in bias to be Total
Satellite Release | GDR release | applied by absolute
user to GDR bias
release
Jason-1 GDR-C 85 mm 120 mm 205 mm
Jason-2 GDR-T 170 mm 25 mm 195 mn
Jason-2 | GDR-C 195 mm 0 mm 195 mm

“future release (mid 2011)

10.2 Future meetings

The OSTST meeting was followed on 21-22 October026y a workshop entitled “Towards
High-Resolution of Ocean Dynamics and Terrestrialf&&e Waters from Space”, and by the

IDS Workshop.

The next OSTST meeting is proposed to be held enlthited States in October, 2011. The

meeting venue will be confirmed by NASA in earlyl20
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