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@ gg@iﬁmn Satellites and Ocean Prediction

INTERMATIOMNAL

Unique contribution of satellites

J Provide key parameters / essential variables (sea level and ocean currents, SST, SSS, ocean
colour, sea ice, waves, winds) needed to constrain ocean models through data
assimilation and/or to validate them

1 Global, real time and high space and time (repeat) resolution.
1 Only means to observe globally the mesoscale variability

(] Need to be complemented by in-situ observing system (ocean interior)
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@ MERCATOR Data assembly and data processing issues

OCEAN - 4
for ocean prediction

The quantity, quality and availability of data sets and data products directly impact the quality of ocean
analyses and forecasts.

Key satellite data processing needs for ocean prediction
Real time (analyses and forecasts) and delayed mode/reprocessing (reanalyses) (incl. QC)
more effective data assembly from multiple sources
more timely data delivery
improvements in data quality

better characterization of data errors
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@ OCEAN Use of satellite data in models

INTERMATIOMNAL

Differences in quality real time versus delayed mode data

Reprocessing issues : different types of reprocessing (e.g. climate/non-climate). Assembling the
best data sets for a reanalysis is a major and essential step.

Error characterisation : essential for data assimilation

Processing steps and levels (from 1 to 4) before data assimilation

v" It is much better in theory and for advanced assimilation schemes to use raw data (level 2 or in
some cases level 1 when the model can provide data needed for level 1 processing). Data error
structure more easily defined and less complex.

v" In practice, not always true. Some high level data processing (e.g. correcting biases or large scale
errors, intercalibration) is needed as it cannot be easily done within the assimilation systems.

v' Examples : use of SST/SSS maps (L4), use of intercalibrated along track SSH data from altimeters
(L3), use of ocean colour data rather than optical measurements (radiance), use of SSS data rather
than brightness temperatures, etc...

v' When feasible better to assimilate level 2 or level 3 data (or even level 1).
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Interoperability between satellite observing and ocean prediction systems: ingredients

(d Operational interfaces with satellite ground segments from different satellite agencies
(d Homogenization of multiple data sources, intercalibration, standardized QC (real time & delayed mode)

(d Organize the feedback to satellite ground segments (data quality, processing requirements, timeliness,
new products)

d Organize the feeback to satellite agencies. Impact assessment.

[ Preparing future missions : requirements from integrated system perspectives
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COPERNICUS MARINE REGIONAL
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@ aEan O Copernicus Marine . Applications and Users

INTERMATIOMNAL

A wide range of applications (environment, society, economy)
Support to EU policies (Green Deal)
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@ MERCATOR The essential role of satellite observations

OCEAN In Copernicus Marine

INTERMATIOMNAL

The Copernicus Marine Service is highly dependent on satellite observations (Sentinels,
contributing missions). 80% of Copernicus Marine products depends on them.

Copernicus Marine role : operational interfaces (ESA, Eumetsat), feedbacks,
requirements (present & future) and advocacy

e
e O
O From integration of S1, 2, 3 A&B in Copernicus 1 to S6 A&B It I
and S1, 2, 3 C&D in Copernicus 2. °e a®
000 0

[ Preparing for Sentinel Expansion Missions.

d Support the EC for NG Sentinel mission design (post 2030).
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@ OGEAN Working with satellite agencies / Copernicus Marine

INTERMATIOMNAL

Day to day operations. Regular interactions with ESA and EUMETSAT in charge of ground segments:

* High level meetings to provide updates on the status of Sentinels and the Ground-Segments. This
ensures an effective coordination of the data flow and a quick reaction to emerging issues.

* Ad-hoc or more technical meetings are organized to allow Copernicus Marine production centers to
express their needs and provide feedback on data quality and availability.

* Participation to technical Sentinels reviews and quality meetings
Evolution of the Copernicus Space component. MOi / Copernicus Marine role is to provide user

requirements through the European Commission and interact with ESA on options and trade offs from the
Copernicus Marine user perspective.
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MERCATOR : : :
@ OCEAN Expert centers in charge of satellite observations

INTERMATIOMNAL

Copernicus Marine Service Architecture : role of Thematic Assembly Centers

e [ 11/12
Satellite data
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@ OCEAN ¥ Observation impact studies

INTERMATIOMNAL

Assessing the impact of observations assimilated in the Copernicus Marine analysis and forecasts is
important to:

U Understand how each type of observations are constraining the model forecasts toward a more
realistic estimate

O Improve the use of observations and their error specification in the DA system

(1 Help designing the evolution of the observation network.

This generally requires running specific and often heavy simulations.
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@ OGEAN Monitoring the real time system performance in SLA

INTERMATIOMNAL
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» Largest RMS in energetic regions (WBC, ACC) dominated by meso scale activity
» In low energetic regions, the analysis error in SLA is close to the observation error,
» HY2 B et C2n has the higher RMS misfits as S6A, S3A, S3B and AltiKa has lower analysis error.

E. Remy et al. , MOi
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Impact of S6 on the Mediterranean Sea analysis

E. Clementi, CMCC
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Map of Sea Surface Height difference (in metres) and Temperature at 45 m depth on 28
June 2022 between the experiment with and without S6A assimilated

1 Differences in meso-scale structures are found between the 2 simulations in SSH, associated with
temperature change in the ocean interior
Q Slight improvement of the SLA misfits to other altimeter observations
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Performance in Southern Ocean and complementary use of SWIM and

INTERMATIOMNAL

With DA SWIM+SAR

o

SAR directional wave spectra

Bias maps SWH (max. 80 cm)
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@ MERCATOR Observing System Simulation Experiments (S3 — NG TOPO0)

, /-day data coverage Assimilation of simulated SSH From 3Nadirs vs 2 Wide-Swath
' J Q :/ IR Y I LR o (A) SSH Variance Error (B) SSH Variance Error (WL<200km) (C) SSH Variance Error (Time < 20Days)
o AN WA/ WK X v‘.\ \ 60 60 60
"f" (Y) v" ’x A ) i e 40 - a0 a0
| 0\ b v | ‘v;\'-i'I y (WY ‘
‘:il— T _pc;, — 3N _§ — 3N 14:!; - 3N
£ ° — an+2s | £ 7] — 3N+2S £ ° —— 3N+2S
-20 + -20 -20
-40 - ~40 -40
-60 -60 + -60
0 2'0 410 6I 0 80 0 .": 1]0 115 20 0 1]0 2'0 BIO 4‘0 50
ST o Zonal average variance error {Cm?) Zonal average variance error (Cm?) Zonal average variance error (Cm?)
Contribution of a constellation of two Zonal averaged error variance of SSH: (A) for full scales, (B) for
ide- th altimet iSSi to global .
aih e Loty ol bat edi scales less than 200 km and (C) for time scales less than 20 days;
ocean analysis and forecasting o ] ) o
assimilation of 3Nadir (black lines) and assimilation of

3N+2Wisa-Swath (red lines). Units are cm?
e m—— M. Benkiran et al. MOi 16

mercator-ocean.eu




@ E&%ﬁﬁ“’“ Working and communcating on requirements

INTERMATIOMNAL

Present and future requirements both CENS reuremens o the
for in-situ and satellite observations S e Copacs Por s
(Sentinels) have been defined. oA

Based on impact assessment
(OSE/OSSEs) and expert analyses.
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MERCATOR Conclusions
OCEAN

nemanona INtEroperability between observation and prediction systems

O Strong links between satellite oceanography and operational oceanography since the start of global
operational oceanography (GODAE — end of the 90’).

O Satellite observing and ocean prediction capabilities have been co-developed => good interoperability
between the two systems. Good maturity in the interactions.

O Ocean prediction system architecture requires specific functions related to satellite data acquisition (real
time and delayed mode), processing/reprocessing, impact assessment:

v Operational interfaces with satellite ground segments.
v Regular interactions with satellite agencies and ground segments is key : real time and reprocessing.
v’ Capabilities to assess the impact and support the design of future missions are required.
O Future improvements. More standardized interfaces/interactions shared at international level between the

different ocean prediction systems and satellite observing agencies => OceanPredict and DCC
OceanPrediction
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