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Regional Ocean Forecasting @ CMCC — Major Assets o CcnmCC

Major System

improvements

* Updated models version
e BSFS from 3km to 2.5km
 BSFSfrom311t0121 levels
« ECMWEF from 1/8°to 1/10°

Major System
improvements

Added Azov Sea

MyOcean
EU Projects

Pre operational
phase

Major System

improvements
» Updated models version
« MedFS from 1/16° to 1/24°

« ECMWF from 1/8°to 1/10°
* From 7 to 39 rivers

Major System

improvements

* Updated models version
* Newrivers
 New observations

2009-2015

2015-2020

EAS1-EASS

Start of Copernicus Major System
Marine (CMEMS) improvements
First version of MedFS Added tides: 8

operational system components

within CMEMS

022 - 2026
AS7-EAS10

Start of Copernicus
Marine (CMEMS)

First version of BSFS
operational system
within CMEMS

Major System
improvements

Added Marma Sea @
500m resolution




Regional Ocean Forecasting @ CMCC — Major Assets O cmccC

Mediterranean and Black Sea operational

i = ocean circulation model NEMO
forecasting systems

= wave model WaveWatch3

. . = 3D variational data assimilation OceanVar
CMCC operationally produces analysis and forecast

and reanalysis for the Mediterranean and Black s e B
Seas in the Copernicus Marine Service framework 7 S NN W e
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Mediterranean Sea
Forecasting System
Description



Mediterranean Forecasting System MedFS set-up 0 cmece

/( Ocean General Circulation Model \ \

' Wave model
(OGCM) based on NEMOv4.2 (tides) WaweWatch-lll (WW3v6.07)
*' 2-way
. hourly
AW - .
4 ) coupling
K / OASIS
Hor. Res. = 1/24° (~4 km) s Hor. Res. = 1/24° (~4 km)
Vert. Res. = 141 z* vertical levels -_" B O Spectral discretization:
with partial cells 1 : l o 1 , * 30 freq. bins (0.05-0.79 Hz)

\ | . . * 24 directional bins /
wWw3 wwi ww3

The two-way coupling consists of inputting:
Currents (for wave refraction) and air-sea temperature difference (for wind speed correction) to the wave model
and
providing the neutral surface drag coefficient from waves used to compute the wind stress in NEMO




Mediterranean Forecasting System MedFS set-up Q cmee

-

o

(from Italian Air Force): ( \
- MBSLP, cloud cover, 2m relative humidity Land river runoff:
- 2m T, 10m Wind , Precipitations Surface boundary condition for 39 major rivers from
EFASVS5 dataset

ECMWEF 1/10° atmospheric fields \

Temporal resolution:
Forecasts: 1Thr— 3hrs — 6 hrs

Analysis: 6 hours time resolution / \_ Y,
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Daily NRT analyses and forecasts from Copernicus Global Unstructured Turkish Straits Svst U-TSS
Ocean Forecasting System (GLO-MFC) @ 1/12° horizontal TSGR VTSR S SHEE | )

~

S [EELE e LS L e ke Lateral Boundary conditions in the Dardanelles Strait:

resolution, 50 vertical levels

J v




Mediterranean Forecasting System MedFS set-up Q cmee

Model solutions are corrected by using observations
Satellites and insitu observations are jointly assimilated using a 3D variational scheme
(OceanVar) adapted to the oceanic assimilation problem with a daily cycle

The assimilated data are:

Along track Sea Level Anomaly from i i

CME?\;/IS SL-TAC Y.. Vertical profiles of . . Non-solar heat flux
| 3 - Temperature and Salinity correction is

- Jason i _

- Cryosat2 from CMEMS InSitu TAC. | achieved through

. Saral/AltiKa Argo XBT. o Cliders satellite SST

= e n nudging
- HY-2B = -
- Sentinel3A/B-6

45°N o9 45°N .
42.5°N | diy 4 5N # of assim.
0N |—ge 20°N IObS.
37.5°N 37 50N in 1 week

35°N
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30°N
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MedFS Upgrades @ November 2025

1. New Data Assimilation code: OceanVar2.0

OceanVar: first introduced by Dobricic and Pinardi (2008) based on a Bomain - | ¥ 26ranches © 17ag Q Gotofie

3 DVA R me th Od adanimario Add links to the references in the README.md file 1526034 - last year L) 8 Commits
bin Add OceanVar2 code last year
Oce a nva rZ.O: doc Add webpage figure last year
Oddo et al., 2026: Implementation and evaluation of sea level operators e A
. . . . prep Add OceanVar2 code last year
in OceanVar2.0: an open-source oceanographic three-dimensional [ e
variational data assimilation system. Geoscientific Model Development, test_case Add Oceanvar2 code st year
doi : 10.5194/gmd—19—42 3—20 26) test_suite Add OceanVar2 code last year
[ LICENSE Add OceanVar2 code last year
[ README.md Add links to the references in the README.md file last year
CMCC OcanVar2.0 Webpage: . _
. README 3 GPL-3.0 license . Views total Clones total
https://www.cmcc.it/models/oceanvar

1401

https://qgithub.com/CMC C-Foundation/OceanVar2

1204

1004

¢ user guide
80
PDF User guide can be downloaded here. Doxigen documentation can be generated using the Doxyfile .
60
Test Case OceanVar2 a0
To help users become familiar with the code, a test-case is also provided here 20 I I I
oA

Dec 2025 Jan 2026 Feb 2026 Mar 2026 Apr 2026 May 2026 Jun 2026

Views total



https://www.cmcc.it/models/oceanvar
https://github.com/CMCC-Foundation/OceanVar2
https://github.com/CMCC-Foundation/OceanVar2
https://github.com/CMCC-Foundation/OceanVar2

MedFS Upgrades @ November 2025

1. New Data Assimilation code: OceanVar2.0

OLD: Mediterranean Sea SLA RMSD
Dynamic height operator -

.. . 3.4+ == RMSD = 2.89 cm
Assimilation below 1000m —e— RMSD = 70% crd

F 100000

3.2 V F B0000 o

NEW: ;
Barotropic model operator £ 30 [ 2
Assimilation below 150m 58, | 40000 *E
- Increased n. of assimilated  2°] 20000

observations (closer to >4 | | | | | | 1,

coastal areas) Ml N\ 79 S N\ > 2,0

il il il il il ol il

- Improved skill




MedFS Upgrades @ November 2025

2. New Lateral Open Boundary Conditions at Dardanelles Strait

[m]
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Open Boundary conditions from U-TSS: Increased connection with the Black Sea Forecasting system
2D: Flather

3D velocities: Flow Relaxation Scheme

3D tracers: Specified




MedFS Upgrades @ November 2025

2. New Lateral Open Boundary Conditions at Dardanelles Strait

SALINITY AEGEAN SEA

. RMSD BIAS
OLD:
LOBC from Maderich box model +
CMEMS Global model
NEW: 100 1
LOBC from Maderich box model +
U-TSS model
. : oLD
—> Increased connections with the , NEW
CMEMS Black Sea systems 2001
-> Improved salinity skill in the f:gsﬁﬁta
Aegean Sea

0% o of 0% 0P ARC o® ob o2 o7 o o°




MedFS Upgrades @ November 2025

3. Updated Operational Chain
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MedFS Upgrades @ November 2025
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Mediterranean Sea
Forecasting System
Operational Validation

1. CMEMS PQD: https://marine.copernicus.eu/user-corner/
2. CMCC Website: https://medfs.cmcc.it/



Regional Ocean Forecasting @ CMCC - Validation 0 cmccC

CLASS4 T, S, SLA: quasi-independent validation wrt assimilated data. Time series of RMS misfits + Hovmoller + bulletin of
assimilated and rejected data > CMCC Website

CLASS2T, S, SST, SSH: independent validation wrt fixed moorings. Time series + RMSD & BIAS - CMCC Website

CLASS4 T, S, SST, SLA: quasi-independent validation wrt CMEMS INSITU & Satellite data. Time series of
RMSD and BIAS of analysis and forecasts - Copernicus Marine PQD

CLASS2 SST: Independent validation wrt CMEMS Moorings - Copernicus Marine PQD

CLASS1/2/4 T, S, SST, SLA, U, V, MLD, Tb: Pre-operational Qualification wrt INSITU,
Satellite & Literature data - Copernicus Marine Quality Information Document

Every Every Every year /
Week month For each new NRT version



Mediterranean Sea
Forecasting System
Operational Validation

1. CMEMS PQD: https://marine.copernicus.eu/user-corner/



Copernicus Marine PQ Dashboard

CLASS4 & CLASS2 & CMEMS PQD: monitoring over the Med Sea + 16 regions and along 9 vertical layers

Monthly update

Layers & depth [m]

SST (vs Sat L4 and 1 | 0-10
L3S)
SSH 2 10-30
3D Temperature 3 | 30-60
3D Salinity 4 | 60-100
5 100-150
6 150-300
Surfapg: temperature, . 300-600
salinity, sea level
8 600-1000
Temp. Freq. Analysis Forecast 01 | Forecast03 | Forecast 05 9 1000-2000




Copernicus Marine PQ Dashboard

CMEMS PQ Dashboard — CLASS4
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Copernicus Marine PQ Dashboard

CMEMS PQ Dashboard — CLASS4
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Copernicus Marine PQ Dashboard

CMEMS PQ Dashboard — CLASS4
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Copernicus Marine PQ Dashboard

CMEMS PQ Dashboard — CLASS2
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Copernicus Marine PQ Dashboard

CMEMS PQ Dashboard — CLASS2
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Mediterranean Sea
Forecasting System
Operational Validation

2. CMCC Website: https://medfs.cmcc.it/



CMCC Validation website

CLASS4 & CLASS2 & CMEMS PQD: monitoring over the Med Sea along 5 vertical depths

Weekly update
SLA Surface: temperature, 1 8
3D Temperature salinity, sea level 5 30
3D Salinity B
CLASS2 4 ]300
Temp. Freq. Analysis Forecast01 | Forecast03 | Forecast 05 5 600

Mean Bias RMSD

System Resolution NEMO Tides
EAS1 1/16°—72 v. lev v3.2 NO

EASS 1/24° - 141 v. lev v3.6 NO

EAS10* 1/24° - 141 v. lev v4.2 YES * Latest operational CMEMS system




CMCC Validation website

CMCC Website — CLASS4
SSH, T, S RMSE Timeseries

EAS1 EAS5 EAS10: Sea Level Anomaly [cm]
Evgeekly RMS Misfits (Model VS. Jason2/3,Cryosat2,AltiKa,S3A/B,S6A,HY-2A/B Satellite)

—— EAS1:3.08cm  —— EAS5:358cm  —— EAS10: 2.67 cm |
System | Resolution NEMO | Tides >3
EAS1 1/16° - 72 v. lev v3.2 NO 3.0
EASS 1/24° - 141 v.lev | v3.6 NO 4.5
EAS10 | 1/24°—141v.lev | v42 | YES 10

w
n

Sea Level Anomaly

Root mean square of misfit, cm
w
o

Model @ surface
VS

. 2.0
Satellite SLA L3 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

("]
(9]
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CMCC Validation website

CMCC Website — CLASS4

T & S Hovmoller Depth-time

System | Resolution NEMO | Tides
EAS1 1/16° =72 v.lev | v3.2 NO
EAS5 1/24° - 141 v.lev | v3.6 NO
EAS10 | 1/24°—-141v.lev | v4.2 YES
kA0 Temperature [C]

416.0 -

626.0 -

906.0 -

sl l Hl

A g g g

EASS TemPerature [°C]
Weekly RMS Misrtits at depth

T ‘!‘1 r'nl[ 'Ii1

EAS1 TemPerature [°C]
Weekly RMS Mistits at depth
1.0 .. _ .,,' | ]

30.0 30.0
79.0 79.0
153.0 153.0 - .
< < 1.2
S S
s 263.0 s 263.0 0.9
416.0 416.0 -
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906.0 906.0

U i P g g




CMCC Validation website

CMCC Website — CLASS2

é )

Sea Level Tide Gauges and Mooring Validation
Datasets
Temperature Data Fier — c3 Mot [romm  [wa
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LR s Lol S °
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EASQ 10C_SB36 Sea level
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arr $ -
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I0C_vale Y J i
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CMCC Validation website
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CMCC Website — MedFS Monitoring
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CMCC Validation website

CMCC Website — MedFS Monitoring

Daily Sea Surface Temperature (S5T) and Marine HeatWaves (MHW) events
Mediterranean Forecasting System (MedFS) and Satellite L4 Near-Real-Time (NRT)

Degrees Celsius [°C]

Oct 2024 Jan 2025 Apr 2025 Jul 2025 Oct 2025 Jan 2026 Apr 2026 Jul 2026

cmnce | ™ Temperature:
o e — 2\1

Reanalysis Climatology (1993 to 2022) SAT L4-NRT MedFS Analysis MedFS Forecast

@ Coprmious MHW Categories Moderate MHW Moderate === Strong MHW Strong — — Severe
== Marine Sanvice and Thresholds:

Eastern Med Sea
Western Med Sea
Adriatic Sea
North Adriatic Sea
South Adriatic Sea
Aegean Sea
Ligurian Sea
Gulf of Taranto




Thanks

Questions?
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