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Courtesy : G. Dibarboure



Representatives from operational space agencies –ESA, EUMETSAT, CNES, 

ISRO, NASA, NOAA- and altimetry products users met under the auspices of 

CEOS (Committee on Earth Observation Satellites)  to discuss altimetry 

satellite constellations and outline a plan for the following 15 years



-- MaintainMaintain continuitycontinuity of highof high--acuracyacuracy Jason Jason altimetryaltimetry

-- MaintainMaintain continuitycontinuity withwith altimetersaltimeters on at least 2 on at least 2 

complementarycomplementary, high, high--inclination satellitesinclination satellites

Outcome of the Assmannshausen Workshop

����Recommandations for an implementation plan over the 

following 15 years

complementarycomplementary, high, high--inclination satellitesinclination satellites

-- ExtendExtend the the capabilitycapability of of altimetryaltimetry to to denserdenser observationalobservational

coveragecoverage throughthrough swathswath altimetryaltimetry

-- MaintainMaintain a a continuitycontinuity partnershippartnership withwith the the scientificscientific

communitycommunity

-- MaintainMaintain broadbroad collaboration collaboration withwith engineering & science, engineering & science, 

researchresearch & & operationsoperations, and  international , and  international partnerspartners
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following 15 years



SentinelSentinel 6: 6: ContinuityContinuity of the of the TopexTopex--Jason Jason seriesseries
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-- MaintainMaintain continuitycontinuity withwith altimetersaltimeters on at least 2 on at least 2 
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Monthly ratio between number of actual measurements divided by the 

theoretical number of measurements for a given altimeter. 

Source : Dibarboure & Lambin, 2016



CRYOSAT 2
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-- ExtendExtend the the capabilitycapability of of altimetryaltimetry to to denserdenser observationalobservational

coveragecoverage throughthrough swathswath altimetryaltimetry

Outcome of the Assmannshausen Workshop

����Recommandations for an implementation plan over the 

following 15 years

coveragecoverage throughthrough swathswath altimetryaltimetry



SWOTSWOTSWOTSWOT

Surface Water and Ocean Topography (SWOTSurface Water and Ocean Topography (SWOT))

• Ka-band SAR interferometric (KaRIn) system with 
2 swaths, 50-60 km each

11Courtesy: Biancamaria et al., 2016
Canadian Space Agency, UK Space Agency

2 swaths, 50-60 km each

• 873 km Orbit, 78º Inclination, 22 day repeat

• Launch: 2020



-- MaintainMaintain a a continuitycontinuity partnershippartnership withwith the the scientificscientific

communitycommunity

Outcome of the Assmannshausen Workshop

����Recommandations for an implementation plan over the 

following 15 years

communitycommunity

-- MaintainMaintain broadbroad collaboration collaboration withwith engineering & science, engineering & science, 

researchresearch & & operationsoperations, and  international , and  international partnerspartners

Annual OSTST meetings,  Climate Change Initiative/CCI collocations meetings, 

EUMETSAT-WCRP Climate Symposium, ESA Living Planet Symposia, etc. 



AnotherAnother important important recommendationrecommendation::

Use Use differentdifferent observingobserving systemssystems in in synergysynergy

Use of altimetry in synergy with other ‘ocean’ missions and in situ observing systems

�Argo (steric sea level)

�GOCE (static geoid)

�GRACE (time variable sea level)

� IR radiometry (SST)

�SMOS/Aquarius/SMAP (sea surface salinity)

ARGOARGO

�SMOS/Aquarius/SMAP (sea surface salinity)

�Ocean modelling���� ocean reanalyses



WhatWhat have have wewe learnedlearned fromfrom the 25the 25--year long year long 
record of highrecord of high--precisionprecision satellite satellite altimetryaltimetry??



Mean sea surface/marine geoid/

seafloor topography



SEA SURFACE TOPOGRAPHYSEA SURFACE TOPOGRAPHY
• Static component ���� geoid/marine gravity field (1m-50+m)

• Time-variable component ���� ocean dynamics, ocean tides, …. (1cm-

1m)



Gravity reveals seafloor topography

Sandwell, D. T., E. Garcia, K. Soofi, P. Wessel, and W. H. F. Smith,Towards 1 mGal Global Marine Gravity from CryoSat-2, Envisat, and Jason-1, 2013

Garcia, E., D. T. Sandwell, and W.H.F. Smith, Retracking CryoSat-2, Envisat and Jason-1 radar altimetry waveforms for improved gravity field recovery, 2014



Dynamic topography
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DynamicDynamic TTopographyopography (‘(‘meanmean seasea surface’ surface’ aboveabove the ‘the ‘geoidgeoid’)  ’)  ��������

oceanocean currentcurrent velocityvelocity proportionalproportional to the to the seasea surface surface slopeslope

Source: AVISO



DTU15MSS

MeanMean SeaSea Surface Surface fromfrom 20 20 yearsyears of satellite of satellite altimetryaltimetry

ISSI Bern 201520 DTU Space, Technical University of Denmark

Courtesy: O. Andersen



Goce mission

(2009-2013)

The The Earth’sEarth’s gravitygravity feldfeld

(2009-2013)

ESA



OceanOcean circulationcirculation Courtesy : MH Rio



Source : Le Traon et al., 2015



Operational oceanography



Important products derived from operational oceanography are:

• nowcasts providing accurate description of the present state of the 

ocean 

• forecasts providing future  ocean conditions 

• hindcasts assembling long term data  to describe past states

Operational oceanography

• hindcasts assembling long term data  to describe past states

Satellite Satellite altimetryaltimetry isis a key component of a key component of operationaloperational oceanographyoceanography



OperationalOperational

OceanographyOceanography
MERCATOR 

ocean state  forecast  ���� currents (2 Nov. 2016)

surface 100 m depth



• Marine transport

• Search and rescue 

• Oil spill response

• Oil & gas  ����Currents at small spatial scales

• Naval operations 

Sectors of applications

Near surface conditions

( currents & T)

• Naval operations ���� among others, mesoscale phenomena

• Environmental protection

• Fisheries 

• Short-range weather prediction

• Seasonal prediction

Source: Bell et al 2015

Surface fields

Real time products and  hindcasts



Sea level



Global mean sea level from satellite altimetry multi missions 



ESA Climate Change InitiativeESA Climate Change Initiative

13 CCI ECVs, 14 projects13 CCI ECVs, 14 projects



Spatial ScalesSpatial Scales Temporal ScalesTemporal Scales
GCOS GCOS 

RequirementsRequirements

Errors of Errors of 

CCI productsCCI products

Global Mean Global Mean 

Sea LevelSea Level

LongLong--termterm trendtrend <0.3 mm/yr<0.3 mm/yr <0.5 mm/yr <0.5 mm/yr 

0.5 mm 0.5 mm < 2 mm < 2 mm 

CurrentCurrent SeaSea LevelLevel UncertaintiesUncertainties

«ESA «ESA ClimateClimate Change Initiative/CCI» Change Initiative/CCI» productsproducts

Source: Ablain et al., 2015, 2016

InterannualInterannual signalssignals
0.5 mm 0.5 mm 

overover 1 year1 year

< 2 mm < 2 mm 

over  1 yearover  1 year

Regional 

Sea Level LongLong--termterm trendtrend <1 mm/<1 mm/yryr <3 mm/<3 mm/yryr

GCOS: Global Climate Observing System



SeaSea LevelLevel Budget (1993Budget (1993--2015)2015)

Altimetry-based 

global mean sea level

Sum of components
(XBTs + ARGO, altimetry, InSAR,

GRACE, modelling)

Source : LEGOS



Inland waters



Satellite Satellite altimetryaltimetry over over LakesLakes

Yellow River Catchment, China
Tibet

ERS2, Envisat, Saral

Icesat, Cryosat-2

Data available on: http://hydroweb.theia-land.fr/Courtesy: J.F. Cretaux



ENVISAT (2002-2010)

Altimetry-based water level

records at ~ 1000 ‘virtual

Satellite Satellite altimetryaltimetry over over riversrivers

records at ~ 1000 ‘virtual

stations’ available in the  

HYDROWEB data base

Courtesy : J.F. Crétaux & S. Calmant



Land and sea ice



SeaSea iceice thicknessthickness change change fromfrom CryoSatCryoSat

Source: 

University College, 

London



WhatWhat are the new challenges?are the new challenges?

A few issues (not exhaustive)A few issues (not exhaustive)



ArcticArctic RegionRegion



YearYear 2015:Arctic land areas 2015:Arctic land areas showedshowed heatheat record record 

Source: NOAA



Satellite Satellite altimetryaltimetry over the over the ArcticArctic

NO VALID DATA

Ablain et al. 2016

Sea Level Anomalies (m) Sea Level Anomalies (m)



SeaSea LevelLevel



CopernicusCopernicus ClimateClimate Change ServiceChange Service

Challenges:Challenges:

ContinuityContinuity of the «of the « seasea levellevel » record….» record….

Challenges:Challenges:

-- QualityQuality assessmentassessment

-- AccountAccount for for improvedimproved corrections and new corrections and new 

missionsmissions

-- ReprocessingReprocessing

-- …..…..



� Coordination required between “space components” and climate 

services to maintain a balance between R&D and operational 

production

� Still work to do to fully reach the GCOS requirements in terms of 

SeaSea LevelLevel

� Still work to do to fully reach the GCOS requirements in terms of 

accuracy and stability, include new satellites (CryoSat, Sentinel-3, 

Jason-3, …), insure continuity of the sea level record for climate

research, conduct reprocessing activities,  especially for the 

historical missions (e.g., Topex/Poseidon)….



CoastalCoastal AreasAreas



VVulnerable coastal areas under sea level riseulnerable coastal areas under sea level rise

Nicholls and Cazenave, 2010



� A large fraction of the world shorelines is in erosion (~70% of sandy beaches, Bird, 1985)

� Still unclear what are the respective roles of natural processes,  direct human

interventions and sea level rise in shoreline retreat and erosion

Atlantic coast of France; Courtesy : M. Garcin

interventions and sea level rise in shoreline retreat and erosion

� We even don’t know of the ‘climate-related’ sea level changes at the coast

are similar to open ocean changes

� Finally, what counts at the coast is the total ‘relative’ sea level ����

∑ global mean rise + regional trends*+ local oceanic processes
+ local vertical land motions

* Including deformations of ocean basins in response to past and on-going land 

ice melt



Coastal altimetry

48http://www.coastalt.eu/community



Since 2010: Cryosat-2

• SAR: some oceanic & coastal 

regions + sea ice

Forum on Monitoring Coastal Zones Evolution Under Various Forcing Factors Using Space-based Observing Systems

ISSI–Bern, CH, 11–12 October 2016 Coastal Altimetry: the 1-km Challenge – J. Benveniste, ESA – 49/35

October 2016: Sentinel 3

• SAR: global ocean including 

coastal + sea ice



SubSub--mesoscalemesoscale circulationcirculation



SWOTSWOTSWOTSWOT

Targeting the smallest scales of ocean currents with Targeting the smallest scales of ocean currents with 

SWOTSWOT

•Ocean currents and eddies at scales shorter than 200 km,

contain most of the kinetic energy of the ocean, play key roles

in the transport of heat, carbon and nutrients. They affect

climate via modulation of sea surface temperature and heat

flux, as well as the oceanic uptake of carbon from the

51

flux, as well as the oceanic uptake of carbon from the

atmosphere.

•The primary oceanographic objectives of the SWOT mission

are to observe the ocean mesoscale and submesoscale

circulation at spatial resolutions of 15 km, providing the

missing link between 15 km and 200 km for ocean climate

studies.

Courtesy: R. Morrow



ThanksThanks for for youryour attentionattention
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