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* Ocean monitoring and forecasting systems in brief

* Use of observations by monitoring and forecasting systems
» assimilation
» validation

* Observation impact studies
e Conclusion
* Perspectives
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Value chain from observations to ocean analysis and forecasts

Ocean observing = Ocean Observation " Data integration into model > Pr ovision of Ocean
systems integrators analysis and forecasts
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Marine Services are highly dependent on the satellite and in-situ observing capabilities and quality
of the observations

In situ observations:

g i Assimilation of observations into the NEMO Ocean, ice and BGC
Arg]:) T a; _fS_ probl €S, ocean model, coupled with the PISCES BGC analysis and forecasts
surface dritting buoys, model and the LIM seaice model for the global ocean

* coastal and tropical moorings, ‘
* ship based observations (TSG, /Y measurements
CTD, XBT), gliders, B )

* marine mammals - 4 ‘
mode o) N
] . @ w 5
Satellite observations: froth \/:T:\

* Sea Level Anomaly (SLA), >
* Sea Surface Temperature (SST),
* Sea Ice Concentration

ao

» (quite sparse coverage of in situ observations except at the surface, deeper than 2000 m depth
very few observations.
» satellite provide a regular, dense and global observation coverage but only of the ocean surface.



The Copernicus Marine Service:
Monitoring and forecasting the ocean
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o spamies Copernicus Marine Service : single access point

Marine Service

implemented by Mercator Ocean International as part of the Copernicus Programme Resources  News Events Contact  Register [ EG:zG

Online catalogue

R Copernicus = = 5 =
opernicus \>= Marine Service Services Opportunities Access Data Use Cases User Corner About

marine.copernicus.eu
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Copernicus Marine Servicé Nearly 300

scientifically qualified
products & Ocean
monitoring indicators

Providing free and open marine data and services to enable marine policy
implementation, support Blue growth and scientific innovation.

Access Data >
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o Dive into our 4D dig

oceans

Arobust ocean data catalogue, to download or Ext annual analysis on the state of the ugh our

visualise data including hindcasts, nowcasts and an over nearly 20 years Y Essen visualisation tool in the past, present and future.
forecasts. annual events.

User driven
Quick Links Common format
(Netcdf)
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R User corner B3 Policy tools [ Services ®  User learning services
All the info you need as a new or Learn about EU d  international See Copernici ine Use Cases, the i mation you need to
experienced user, Get trained, connect maritime policies and how the blue markets we support, and the wide gh w
with the forum, get support and more. Copernicus  Marin ervice supports range of free and open support and
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End users/Applications:

Fishing, Coast Guards (Search and Rescue, Environmental Response, Operations), Environmental
Consultants, Navy (Acoustics, Operations, Briefings...), Fish Management, Hydrographic Services, Offshore
Resource Extraction, Navigation...



Levels Description
Level 0 Not used at all

Level 1 Used for validation (The system is constructed independently from the data)
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waves Temp. | Salinity | Temp.
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. https://oceanpredict.org/
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Advancing the science of ocean prediction
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OceanPredict is a science programme for the coordination and improvement of global and regional ocean analysis

and forecasting systems. It provides a platform for communication and knowledge exchange run by scientists and FIND OUT MORE >
experts in operational oceanography from around the world to accelerate, strengthen and increase the impact of
ocean prediction.
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Copernicus In Situ TAC
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Platforms Type & Status

Choose the type of platform you are looking for:

[ High Frequency Radars (HF) I

[ Moorings (MO) H River Flows (RF) J

Tide Gauges (7G)

Profilers (PF) Gliders (GL)

Drifters (DB) Drifters (DC) Saildrones (SD)

Thermistor chains(7X)

Ferrybox (FB) XBTs (XB) Mini Loggers (ML)

CTDs (CT) Thermosalinometer (7S)

Bottles (BO) Sea mammals (SM)

Filter also by status of the platform:

® Active (recent Dats)

Contact

£ Volume of data & Data providers & Number active platforms ‘ .all Services availability

142805, | 173 7 6959 | ‘~'99.9.

From last 30 days From last s 3 From last 30
e . oot | Tiles © Esri — Source: Esri, i-cubed, USDA, USGS, AEX, GeoEye, Getmapping, Aerogrid, IGN, IGP, UPR-EGP, and the GIS User Community ¥

g o 2o



Mooring and drifter
positions over a 30
day period, in the
real time Coriolis in
situ database
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Leaflet | Tiles © Esn — Source: Esri. i-cubed, USDA, USGS, AEX. GeoEye, Getmapping. Aerogrid, IGN, IGP. UPR-EGP. and the GIS User Community
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OCEAN ¢ Copernicus In Situ Observation dashboard
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Home About v Services v Training v Events -

Copernicus Marine Environment Monitoring Service In Situ Thematic Assembly Centre
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The accuracy of the ocean analysis and forecasts highly rely on the availability and quality of the
assimilated observations.

1.4°c 5m,50m
L l 190 m, 550 m
| I‘
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1994 2000 2005 2010 2013 2016 1994 20 2013 2016
Number of data assimilated at 5m, Global RMS analysis error in temperature estimated
50m, 200m and 500m with the CORA in situ observation database.

» Clear improvement of the global 1/12° reanalysis temperature estimation following the increase of
the observation number, mostly due to Argo network.



MERCATOR

oceaN —  1/12° ocean real time analysis compared to in situ observations
RMS Difference between analysed and RMS Difference between analysed and

observed Salinity (0 - 5m) observed Temperature (0 - 5m)

& 90 135 180 1 80 48 0

0 nb_data>= 27.00 0 nb_data>= 31.00
1 nb_data>= 10.00 i 1 nb_data>= 12.00

ro-data <= 1000 000 008 017 025 033 042 050 M dites 120

2019

» Largest errors in salinity found at the surface in the Western Boundary Currents, the freshwater pool
and regions with large influence of river runoff.
» Largest errors in temperature in WBC, tropical oceans and at the thermocline depth.
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"o PRML(16)
T5.TG (4)

e PRXB(1)
e PR.GL(310)

8 pep
e TSDB(12535) e PR.CT(148)
o TS_FB(1622) e TS_MO (1473)

™" e PR_PF(3434)
PR_SM (51)

o PRXX(5) ]

Global Ocean 1/12° analysis for the week (28 March 2023)

Temperature innovations (observation —
model forecast) for surface observations

L n 1 L
60°E 120°E 180°wW 120°w 60°W

Location and type of assimilated surface
observations (0-1m)

0°

» Model misfits with drifters are coherent .
with the ones with Argo float observations.

» A ferry box line shows too high innovations;*
which failed to be rejected.
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Use of QC flag in operational systems

QC flags are used to select the observations to be assimilated.
QC flags for the position, including depth/pressure, and for the observation are considered.

In the Mercator Ocean global system, only observations with QC equal to 0 or 1 are assimilated.

Temperature RMS
error (0-1m)

DIA - PSY4V3R1 - ANA - 00 - Global - Temperature INSITU_CMEMS

Change of database from DT to NRT.

20k

s« Number of assimilated
observations

2008 2010 2012 2014 2016 2018 2020 2022

For delayed time (DT) production, the CORA database is used.
For real time production, the CORIOLIS Near Real Time (NRT) database is used.
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Observation impact studies are performed at MOi and OceanPredict centers to:

v verify that observation information is « optimally » used in the analysis step and improve the
assimilation components,

guantify the impact of the observation network in ocean analyses and forecasts,

demonstrate the value of an observation network for ocean analyses and forecasts,

test future observing system design from an integrated system perspective involving satellite and in-
situ observations and numerical models.

ISRV

OSEs (Observing System Evaluations) => assessing the impact of existing data sets by withholding a set
of observations in the analysis. Other approaches (e.g. DFS) are also used.

OSSEs (Observing System Simulation Experiments) => help designing new observing systems and

perform preparatory data assimilation work.

4 )

Verification

QSSE System
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Global RMS 0-300m misfit between the in-situ temperature observations and OSEs analysis

(hindcast-obs) RMS temperature : PSY3V3R3 0-300m 2012

b_data>= 815,00
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000 025 050 075 100 125 150 o daa = 15200 000 025 050 075 100 125 150

Run-No Argo Run-Argo/2 Run- All Argo

Regions of higher impact:
- at depth, water masses from outflow or deep convection are better represented,
- in the surface layers, the largest impact is found in the tropical band and energetic ocean
regions (WBC,...),
- keeping only half of the ARGO floats degrades significantly the analysis.

Turpin et al., 2016



Large scale and intermadiate OHC Large scale and intermadiate FWC
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» Complementarity of in situ and satellite observations in ocean physical analysis:

In situ observations are constraining the large scale variability of the ocean interior (Ocean
Heat Content (OHC) and Freshwater content (FWC), as satellite observations are

constraining mostly the surface, at higher resolution. Gasparin (2022), submitted to frontiers.
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Observations are not only used for assimilation but are also extensively used:

» To validate model developments, sensitivity experiments (model and assimilation)
and operational production,

» To provide uncertainty estimations for the delivered ocean products.

e Coastal HF radar and drifters with and without their drogue, are used to evaluate
surface and 15m depth velocities with eulerian and lagrangian diagnostics.

e Coastal and tropical mooring T,S and current observations are used to validate real
time production but also reanalysis since they provide unique long term data record
of the ocean interior.

* Tide gauges are used to evaluate sea surface height close to the coast.
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Lagrangian evaluation: 01-02-2019 (10-day drift)
New GLO12

| RN 7
N
et

10 day trajectories: SVP drifters (black), PSY4 (green)

» The new GLO12 is much more energetic. Mesoscale structures better reproduced
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Drift 30days, 2019
SVP Drifters

! - - -— s -
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0 40 80 120 160 200 240 280 320 360 400 440 4530 520 560 600 -160 -120 —80 —40 /] 40 80 120 160
mean sep. dist. [#km] direction

> large-scale characteristics of the Lagrangian transport are well represented in the global 1/12° analysis
» regional differences: larger displacement vicinity of WBC, edge of subtropical gyre,
large directional differences in eastern NA, northern NP Gulf of Alaska, Western SA.
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Drifters, coastal and tropical mooring physical observations are extensively used for:
e Data assimilation in real time and reanalysis systems,

* \Validation of the reanalysis and real time production, model development and
assimilation experiments (OSE, assimilation scheme development,...),

* Provision of accuracy number for distributed product.

» For an efficient data assimilation, a good knowledge of the information content of the
observations and their uncertainty is required.

» Long term reference observation time series are critical to validate long term simulation
as reanalysis.

» In situ observations are complementing the satellite surface observation to constrain the
large scale variability of the ocean interior as satellite observation are constraining mostly
the surface, at higher resolution.
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Evolution of ocean models and observations toward higher resolution in space and time:

* Model tends to include more processes with an increased spatio/temporal resolution
(inclusion of tides in global ocean model, coupling with wave/other earth system
components, ...) in addition to BGC/ecosystem models;

e Continuity from large scale open ocean to coastal modeling and forecasting capacity

* Increased density and higher resolution/frequency content of the observations

Challenges:

» Refinement of the Data Assimilation strategy to control a larger spectrum of scales
(processes) taking into account complex error, and high density/volume of observations.

» Understand/ensure the complementarity of satellite and in situ observations to constrain
the variability of the ocean interior, in the open ocean and on the coastal areas.

» Improve the dialog between modeling and observing communities to advocate for
sustained, fit for purpose observing networks for operational oceanography
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