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Satellites

o Satellite is a recognized element of the ocean
observing system.

- Complex interacti masses (SST, OC vs ARGO)
- Ship routing
- Ocean bottom geodesy
- Hurricane forecast imp
- Wind- eddies coupli

ntent through altimetry)

- Tide mo nt (altimetry), importa ion on continental shelves e la
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Satellite observation is
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* Repetitive / long term
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Key satellite-based ocean parameters

« Surface parameters « Sea state » parameters

— Sea surface temperature — Ocean Surface Wind
— Sea Surface salinity — Waves
— Ocean color — Surface Currents
« Sea surface topography o Gravity
— Tides e Seaice

— Ocean circulation
— Sea level rise
— Bathymetry

g — g 6
& & ELES AN CITF0F SEHNCK
= u 1508 2018

M eS rvice




Current status: rich context
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radar altimetry Waelcome to the CEOS Missions, and datab Agencies Apgency table with links lo agency summary pages.
CEOS Ocean Vector Surface Winds Virtual : Missions Table Searchable mission table with links to mission and
A This database is updated annually basad on a survey of CEQS member space Instrument summary pages.
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* Information sharing in support of the coordination of future Earth Table hable i tabde with finks to i and
mission, i and plans. mission summary pages.
= Earh observation measurement gap analysis - including that performed Index An alphebetical list with links to instrument summary
by the CEOS Systems Engineering Office {SEQ). pages.

= A connection between the Earth observation user community and
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satellite-operating agencies of CEDS, Measurements Overview An overview of the measuremant calegories and

* Generation of content for the print edition of The Earth Observation detailed measurements indexed in the database.
Handbook < timelines with links to

mission summary pages.

most recent upds base was completed in October 2017.
HL EARIAl IR Cutatlss fak = ot Climate Overview An overview of satalite confributions to climate

maonitoring in support of GCOS.
Index An index of GCOS Essentlal Climate Varlables linked to

Ku-band actions, status, and satefiite measurements.
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Challenges

« Evolution of operational missions
— Altimetry: from nadir to swath
— Enhancing space/time coverage & resolution: geo ocean color

« New measurements
— Ocean surface currents
— Sounding ocean color

« Continuity (or enhanced continuity)

— Salinity
— Gravimetry
M oo (@)hiE :




Altimetry evolution

Global basin scale

mesoscale
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SWOT mission: wide-swath altimetry

2D data provided in swath 2D data provided in swath
Latitude, Longitude Latitude, Longitude
Surface type Surface type
SWOT: SSH, 00, SWH SSH, 60, SWH
Burface Water and Ocean Topography Associated uncertainties, quality indicators A Associated uncertainties, quality indicators
w2 Ice and rain flags H Ice and rain flags
Corrections (geophysical and calibration) H Corrections (geophysical and calibration)
Geophysical parameters {MSS, tides, ...} i Geophysical parameters (MSS, tides, ...}
< Left swath -61 to -3 km > | Right swath +3 to +61 km >
|
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2 mwLaunch schedule: 2021 tcnes H
1 value per swath 1 value at nadir along track
Radiometer BT measurement Time tag
in their geometry (at +2.27° / - Orbit data
2.43 TBC in the swath) Nadir altimeter measurement (Jason like product in a
BLU Other radiometer parameters separate file)
3 [W Copernicus 10
(ceans ana Sociely o

T2 cED Initative rir
a GED Initiative == Marine Service




*  « Next 15 years of altimetry », 2009: Constellation User Requirement Documents + Assmanhausen
OST-VC meeting

O Reference mission + complementing

» Nadir altimetry only (swath altimetry mentionned)

= Structured the current constellation

(reference mission Jason + SARAL/S3/Hy-2/Cryosat)

= Standards for products
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REQ-6.2.1.a The constellation shall allow sampling the earth surface with the following time and space
characteristics delivering measurement of the following accuracy:

Application Parameter Spatial Time Latency Accuracy
Resolution Resolution

Mesoscale Sea surface 25-50 km 5days 3 days 2-4 cm

variability topography

Table 3 - Sampling requirements

TARG-6.2.1.b For high resolution altimetry applications the constellation will allow to sample the earth with the
following time and space characteristics:

Application Parameter Spatial Time Latency Accuracy
Resolution Resolution
Sub- mesoscale  Sea surface 10 km 12 days 1 day 1-2cm

variability and  topography
Coastal features

Tides near Tidal 10 km > 100 visits N/A 1-2cm
coasts and constants—sea

Topography surface height

Barotropic tides  Tidal 5km > 100 visits N/A 2cm

constants—sea
surface height
MNon-linear tides  Tidal 5km > 100 visits N/A Tem
constants—sea
surface height

Table 4 - Sampling requirements for high-accuracy applications



Update of constellation URD (CEOS — Ocean

Surface Topography Virtual Constellation)

*  Objective 2018-2019: prepare a new URD

0 Discussed in OST-VC meeting 2016 and 2017

O Early works through CNES phase 0 study (mix nadir/swath, global UR analysis)

0 Coordination CNES-ESA (swath altimeter for operational oceanography => URD SAOO)
*  What should be in it?

O Analysis of user needs: systematic + exploratory

0 Swath altimetry + nadir altimetry : combined

0 Recommandation for an « operational constellation » (targets: copernicus NG, China altimetry
programme)

0 Recommandation for additional science missions in complement
O Links with other obervables
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Example SAOO URD

Ocean Characteristics Priority for wide- Specific requirement
phenomenon swath altimeter
Open ocean 1ﬂom1uuel$3,m High ;T:SAOOM(MBM%M
* 50km/5 days as - :gler,ﬁmewdlesgﬂ- plnmbiiir iy
. . 1 g
effective resolution = et ket
.« . . near-repeat sub-cycles).
e Precision/accuracy set so that this
effective resolution is met everywhere-
. . 0 oy
everytime with an 80% probablility e e
dentif illiarv inf i ded SRS e e voe ks M u};"&?mem"mm
° more;
Identi Yy auxilliary in ormation neede 5504 - - m ! _
. H H Rossby 100to 1 km, \ SAOO must provide a continuity
(tides, gravity field...) Wavws, | Esases 2 i, ey (e GonnE et el
typical time scales 5-100 concurrent nadir altimeters).
® I d e ntlfy Wh at Isn Ot consli d e red In Mean sea 3 mm/yr at global scale; High for the altimeter | Here we assume that this important
. . level up to cm/yr locally. constellation as a objective is met by a climate-oriented
req uirement ( Interna I Wave’ whole. mission such as Jason-CS / Sentinel-6
follow-ups.
Medium for wide- Climate-level stabilit be
submesoscale) VR s, | vty s
interferometer.
Sub- ~10 km; amplitudes ~or | Medium for the next Systematic monitoring requires 3 or
mesoscale >1cm; typical time scales | generation of more SWOT-like systems with
turbulence ~5 days Copernicus missions | extremely low error levels.
(read: no monitoring, | Nodel prediction capability not able to
limited to periodic assimilate and forecast evolution.
observations)
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OCAPI : Mission requirements

Scientific objectives

@ Measurement diurnal cycles of ecosystems
+Marine biochemistry and its interaction with oceanic dynamic
+Monitoring of the coastal ocean and inland water
» (Sedimenttransport, algal blooms, .|
+Land Ocean Interactions

#Quasi daily cloud free coverage for surfaces monitoring
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Winds =>
Meteorological
satellites

Waves: SAR, CFOSAT
30 oct 2018 (2D
spectrum)

Currents: SKIM
proposal EE9
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(CF@SAT The CFOSAT mission

7 swim

CFOSAT: an innovative China/France mission for
oceanography

» SWIM, new spaceborne instrument with technological innovations

(rotating antenna, on-board digital processing)
SCAT, new concept of wind scatterometer
This mission is a “world premiére”

= Access to 2D wave spectrum with high angular resolution and with

global scale

= Joint measurements of winds and waves

& Currently in phase CD, launch Oct 30%, 2018

Fl: Daniéle Hauser (CNRS/LATMOS) & LIU Jiangiang (NSOAS)

# AO for constitution of an international Science team on-going




Ocean surface currents

« (Ocean surface currents can be
monitored « directly »
— SAR imagery
— Along-track interferometry
— Doppler scatterometry
— Surface kinematics

 Challenging measurement

— Many 1st order corrections (sea

state) 4 ! e
Fabrice Ardhuin (LOPS | IUEM & Ifremer)
and the SKIM team

The Surface Kinematics Multiscale (SKIM) : proposal for ESA EE9
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nhttps:waw.facebook.comlSKlM4EE9 E http:/itinyurl.com/SKIMonRG
http:// www.umr-lops.fr/Projets/Projets-actifs/SKIM
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L-band radiometry
offer measurement of
sea surface salinity

Extremely rich A ESRENES (40 o [ 3oy / L band

global )

L-Band radiometry missions sho

measurement IR . rius (nlsa) (100km / 8days / L-Band/ global)
Continuity/enhanceme A s s oo s
. Color codes glo
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Gravity / geodesy

e GRACE - GRACE-FO

— Earth mass balance,

— Ice sheet, hydrology

— Precise orbit determination
» Geodetic networks/ geodetic mission

— Earth reference frame

Grace-FO launch
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Take-home message

 Ocean monitoring from space is a key element of the ocean
observing system

* Global, homogeneous, revisit, wide field, space resolution,
accessibility
e Very mature measurements => operational mission

 Challenges in
— Achieving the required space/time sampling and accuracy
— Coastal ocean
— New observables require new technologies

e Synergy research/operational and science/engineering
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Thank you !

juliette.lambin@cnes.fr
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