RIVIERADE Kick-off meeting

\_ Trieste 16-18 Feb 2026 -

WP4 - Basin-scale Multi-Decadal Climate Projection
Grand Ensemble for the European target seas physics

Work Package Leader: Samuel Somot, CNRS-CNRM
Work Package Co-leader: Marilaure Gregoire, ULIEGE

This project has received funding from Horizon Europe RIA under Grant Number 101181983




WP4 keywords

.‘J-



WP4 Objectives:

(1) Design, produce, evaluate and analyse a first-of-its-kind coordinated
grand ensemble of high-resolution, multi-model, multi-sea and multi-
decadal climate simulations (hindcast and projections) for the three
target European seas.

(2) Provide an assessment of the climate change impact on the target
seals physics at the basin spatial scale and at the multi-decadal temporal
scale.

(3) Establish the basis for the development of the climate services at
basin to coastal scales in WP2 and WP6.

(4) Standardise and share the simulation outputs as a project legacy for
further use in climate services



Please list all partners who will contributing to this WP

WP contributors : 7 partners

e Black Sea:
METU (Ali Osman Acar, Bettina Fach)
ULIEGE (Marilaure Gregoire, Postdoc-to-be-hired)
CMCC (Silvia Gualdi, Marco Chericoni)

e Baltic Sea:
IOW (Markus Meier, Sven Karsten, Leonie Barghorn)
SMHI (Magnus Hieronymus, Nathan XXX, Per YYY, Germo ZZZ)

e Med Sea:
CMCC (Silvia Gualdi, Marco Chericoni)
ENEA (Alessandro Anav, Gianmaria Sannino)
CNRM (Samuel Somot, Florence Sevault, Robin Waldman, Ivan Parras-Berrocal)



WP4 Methods

- Develop simulation protocols (T4.1, lead: CNRM)

- Develop evaluation protocol (T4.2, lead: ULIEGE)

- Develop and evaluate 7 modelling platforms (T4.2, ULIEGE)

(3 for Black Sea, 2 for Baltic Sea, 3 for Med Sea)

- Produce hindcast simulations (T4.2, ULIEGE)

- Produce historical and future projection simulations (T4.3,CNRM)

- Produce ESGF-ready standardized model outputs (T4.3, CNRM)

- Multi-model, multi-sea, climate change assessments for the regional
seas, including uncertainty quantification and ensemble use guidance
(T4.4, IOW)



WP4 timeline (incl. Deliverables and Milestones)
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Deliverables and Milestones

Deliverables

D4.1 - Final protocol documents for the coordinated grand
ensemble (CNRS-CNRM, Month 12)

D4.2 — Report on model development and model evaluation
(ULIEGE, Month 30)

D4.3 — Delivery of the final simulation ensemble data to the
project partners (CNRS-CNRM, Month 36) Delivery of the
final simulation ensemble data to the project partners (Task
4.3). This deliverable is indicated as sensitive (SNS in
Tab3.1c) because this will guarantee the data sharing among
the partner to happen earlier than the official publication
on the ESGF archive

D4.4 — Basin-scale climate change assessment based on the
grand ensemble (IOW, 48)

Milestones

MS10 - Model configuration ready and start of the WP4
production (ULIEGE, Month 12) : List of the modelling
platform configurations with a synthetic description of
the validated developments openly published on
Zenodo and linked to the project website

MS11 - Initial ensemble of hindcast simulations ready
to be used for the other WPs (ULIEGE, Month 18) : Files
in the CINECA internal storage

MS12 - Final list of simulations and CMOR-compliant
and ESGF-ready files — T4.3 (CNRS-CNRM, Month 48) :
List of simulations, available variables and CMORized
status published openly on Zenodo and linked to the
project website




WP4 Outcomes for project internal use and project legacy

- New standards (documents): simulation protocols, evaluation
protocols, simulation quality assessment, regional ocean climate
data standards, ensemble use guidance

- Simulations (data): hindcast and projections for ocean physics

- Climate change assessment (documents, figures, indicators)



WP4 Contributions
tO R I VI E R A D E S O S Table 1.1. R VIERA[ ._'.'pecg'ﬁ )jech-es_

Improve ocean and regional climate modelling capabilities to produce climate change impact assessment
in European seas (BAL, BLK, MED) and their coastal area by: i) sharing, integrating and merging existing

SO 1 . I m p rove O Ce a n capabilities to improve the representation of ocean and marine ecosystem processes and dynamic into

climate models, and ii) developing a common framework and protocol for multi-model multi-sea

. . SO1| evaluation to assess the representativeness of the model ensemble against available observations and to
re g | O n a | Cl | I I l ate quantify its uncertainties [number of coupled atmosphere-ocean-biogeochemical modelling systems used
in the ensemble; number of coupled model simulation runs; reports on protocols and on model evaluation;

m Od e I I i N g Cd pa bi I iti es and open peer-review publications 1(WP3,_WP4_WP5)

Delivering a coherent ocean dataset of a first-of-its-kind coordinated ensemble of high-resolution, multi-
model, multi-sea, decadal to multi-decadal climate simulations for quality assessed indicators on ocean

SO2 : De | iverin g co h erent SO2| status and health at basin scale for the three fargef seas. including uncertainty quantification [reports on
. . . protocols, on model development, production of ESGF-ready datasets (raw data)] (WP3, WP4, WP5)

-0l1- = Delivering coherent ocean data sets of dynamically downscaled very-high-resolution, multi-model, multi-

and first-of-its-kind Del R & Ta Ty downscaled very-high-resol To-model, mul
. . . sea, climate simulations for indicators on extreme sea level and coastal risk along all coasts and of relevant
o{0]0) rd N ate d Simu I atl on <03 physical and biogeochemical indicators at selected coasial regions [Adriatic Sea, Swedish Coast, Marmara
. . Sea, Southern Black Sea] at the decadal to multi-decadal temporal scale. [scientific publications; FAIR
ensem b I esl ocean In d |Cat0 rs data and information (key variables and indicators), open documents (e.g. protocols, reports on Zenodo,

peer-review publications) and codes (models, codes, tools on GitHub repository)] (WP6)

Delivery of regional ocean climate impact/risk services and of regional ocean climate services supporting
S04 | blue economy (aquaculture, fishery, tourism) in 4 local selected coastal sites to be chosen and co-designed

S O 5 : D e I Ive rl n g with end-users and stakeholders board. [use cases documentation, fact sheets] (WP1. WP2, WP5, WP6

e . Delivery of a RIVIERADE catalogue produced in compliance with Open Science recommendation and
R IVI E R A D E d I glt a I FAIR principles, including key variables data sets, indicators, documents and codes, to support future

SO0S5| studies and further climate services, and in order to favour the integration of project products and results
into the digital perspective and the Digital Twin Ocean activities [digital catalogue] (WP2, WP3, WP4,

catalogue as legacy Whs, WP




WP4 in the project workflow

WP3 Decadal horizon : benefits ‘WP4 Basin scale multidecadal
from realistic initialization climate projections

WP5 Decadal and multidecadal
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Demonstrators of basin to coastal climate services




WP4 in the project workflow

T WP2 - WP4: USAB needs
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WP4 in the project workflow

| WP4 = WP4-> WPS:
Protocol coordination
ot Ensemble use guidance

Hindcast/Projection data to drive BGC models
Hinciljcalst/Projection data to drive ETWL
models
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WP5 Decadal and multidecadal
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WP4 in the project workflow
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WP3 Decadal horizon : benefits WP4 Basin scale multidecadal
from realistic initialization climate projections

WP5 Decadal and multidecadal
biogeochemistry and ETWL

+

WP& Building basin scale to coastal
scale climate services

WP2
Co-design ¢!
demonstricors

Demonstrators of basin to coastal climate services

WP4 - WP6:

Simulation quality assessment

Ensemble use guidance

Hindcast/Projection Data to compute basin-
scale indicators and to set climate services

Hindcast/Projection Data to drive very high
resolution models ?



WP4 in the project workflow
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WP3 Decadal horizon : benefits WP4 Basin scale multidecadal
from realistic initialization climate projections

WP5 Decadal and multidecadal
biogeochemistry and ETWL

WP2
Co-design of
demonstrators

WPe Building basin scale to coastal

scale climate services

Demonstrators of basin to coastal climate services

WP4 & WP3

Coordination on protocols

Decadal/Multi-Decadal Consistent Climate change
assessment



WPA4-related KPlIs

* KPI1 : Number of improved modelling platform configurations for multi-decadal
projections of the basin-scale European seas (cible : 7)

* KPI2 : Total number of multi-decadal scenario simulations for the basin-scale target
sea (cible : >25) = min : 3 scenario runs / mode|

* KP4 : Number of multi-partner publications assessing the impact of climate change on
the physics, biogeochemistry, ETWL and/or coastal risks (>10)

* KPI5 : Number of CMOR-standardised basin-scale model output datasets ready for
publication on the ESGF at the end of the project (>30) — 1 HIND, 1 HIST et 2 SSP /
model



Risks

- WP4 is central in the modelling chain. Any delay in the WP4
production will delay the whole project

- No quick consensus on the simulation protocols

- Models not ready to start the runs at Month 12

- Running time too long or computer time not available

- Hindcast runs not ready at Month 18

- Scenario runs not ready at Month 36

- Difficulties to make the datasets ESGF-compliant

- Difficulties in accessing the CINECA storage space

- USAB needs arriving too late or impossible to take into account



Work plan for the first year

THIS WEEK:

- T4.1 : start the simulation protocol discussion (CNRM lead)
- T4.2 : start the model developements (ULIEGE lead)

- T4.2 : start the evaluation protocol discussion (ULIEGE lead)

YEAR 1:

- T4.2 : start the hindcast runs (ULIEGE lead)

- T4.3 : start to collect the hist-ssp forcings (CNRM lead)
- Collect the USAB needs and other WP needs



Questions?




Discussion



T4.1 : Simulation protocol (D4.1@M12)

- experiment design

- list of planned simulations (KP12: min. 3 scenario runs / model)
- model documentation

- list of output variables (or Data Request)

- archive specifications (file naming, metadata)

Something missing ?
Recall : we will have coupled and ocean stand-alone config
Coordination with the sister projects

Coordination with international initiatives (Med-corRDEX, Baltic Earth, jwG ROCP,
)



T4.1 : Experiment design

-1 for the 3 seas ?
- 1 for coupled and 1 for ocean-stand alone ?

- Minimum requirements for the model configurations (domains, min. Horiz-vertical
resqllétior;, min. components, river forcings, min. coupling/forcing freq., min.

period, ...

- External forcings (air-sea fluxes, ocean LBCs, river, GHG, aerosols, land-use, Chl-a, ...)
- Sea specific aspects (e.g. Nile, Suez canal, Marmara Sea, Danish Straits, sea ice, ...)

- Initial conditions

- Spin-up procedure

- Driving Atmosphere/Ocean Reanalysis/GCM selection

- Proposed Methods: respect the DoW, exten’g :clhe CORDEX protocol, decide by

consensus, use wording such as “mandatory”, “recommended”, “optional”
- Link with sister projects and international initiatives (Med-CORDEX, Baltic Earth, WG ROCP)




T4.1: List of model outputs (Data Request) = =

- 1 list for ocean physics
- 1 list for sea ice (Baltic, Black Sea ?)
- 1 list for atmosphere ?

(- WP5: 1 list for ocean BGC, and 1 for wave)
- Proposed Method: starting from CORDEX-Ocean list and

adapt it to our needs using the CORE, TIER1, TIER2

priority approach

- Integrate the needs from USAB and other WPs
- Link with sister projects and international initiatives

t: COREO ic variables

CORDEX-CMIP6 Data Req

ag- for he highest-frag y output: 2 ged aver outpul interval [in model); e cumulative over sampling perod
Version: 2024-06-25 Output frequency
Bt ik ot Bl units ‘man day Ahr PrioK
" theiso LaC x CORE |
w mis CORE |
| vo_ mis cﬁﬁ RE |
:'!E\‘- dagr x CORE
P [ ® _CORE
otat m = CORE |
T = m x CORE




T4.1 : Archive specifications

Includes file naming and metadata definition

Required for file standardization allowing ESGF publication

Ease the multi-model evaluation step

Proposed method: try to adapt the CORDEX-CMIP6 archive specifications to
ocean/sea-ice

tos_MED-12 CNRM-ESM2-1_ ssp585_rlilplfZ2_ CNRM_CNEM-RCSM&B_wl-rl_day_20260101-20301231.nc

CORDEX-CMIP6 Archiving Specifications for Dynamical Downscaling

21* March 2023
DOI: 10,5281 izenodo, 1 50470%

Girigory Nikulin', Lars Buntemeyer', Jesis Fernander”, Seth MeGinnis' and Jason P Evans'

This document provides Data Reference Syntax [DRS) elements necessary for post-processing CORDEX-CMIPE simulations and publishing
them an the Earth System Grid Federation (ESGF). The decument includes file and directory naming conventions, global attributes and
ESGF Search Facets Mapping, Known issues are collected at b ¥ WCRP-G XS apecilicationsfissues, Newer
wersions of this document may exist. Find the latest version under hity 05281 frene

1. DRS elements

The DRS element valies must consist of the characters it AL, 09 and ' [dash). Ko other charicter ks allowed. The terms in brackets
foltowing the DRS element names in the list below indicate whether the values must be taken from a controlled vocabulary ('CV'), Le. a fixed
list of valuwes, must be registered with CORDEX {"CV to register'). or must follow a predefined structure ("structured form’). Note that most
elements must have the same value as the mandatory NetCDF global attributo

e _Ld [CV] is the short name of the variable, The name is taken from the CORDEX-CMIPG Variable List or CORDEX-CMIPG CMOR

dematn Ld (CV)is the name assigned to each of the CORDEX regions and includes a flag for resolution as listed in the CORDEX-CMIPG



T4.2 : modelling platform developement (Ms10@M12)

- Weakly coordinated
- Updated list of model configurations

10W
IOW

SMHI
ULiege
METU
CMCC

CMCC

CNRM,
LEGOS, 0GS

ENEA
ENEA

MODELLING PLATEFORMS W @

PARTNER ~

MODEL NAME  ~

IOW-ESM
in dvt

CNRM-RCSM6B-SN

ENEA-REG3
in dvt

ATMOSPHERE

CCLM@12km
ICON-A@12km

HCLIM43-ALADIN@12km
MAR@10km
HCLIM43-ALADIN@12km

WRF461@12km
WRF461@12km

ALADIN@12km

WRF@12km
WRF@CPM-scale

W

LAND
SURFACE

W

SURFEX@12
km

SURFEX@12
km

CLMS5@12km
CLM5@12km

SURFEX@12
km

LAND HYDRO
and RIVER

v

statistical routing

EHYPE4 per
catchment basin

CTRIP@10km
Wflow-SBM@2km

Hydros@12km
Hydros@12km

CTRIP@10km

CaMa-flood@3km
CaMa-flood@

OCEAN PHYSICS

MOMS5@5.4km

NEMO-Nordic@3.7k
m

NEMO4.2@2.5km
NEMO@3km

NEMOMFS@6km
NEMOMFS@ékm

NEMOMED@6km

MITgcm@9km
MITgecm@

OCEAN

ERGOM@5.4km

SCOBI@3.7km
BAMHBI@2.5km
TURSEM@3km

NO
NO

ECO3M-S@6km and
BFM@6km

DARWIN@9km

BIOGEOCHEMISTRY

TARGETED

SEA

BALTIC

BALTIC
BLACK
BLACK

BLACK
MED

MED

MED
MED

COUPLED ~

YES

NO
PERHAPS

NO

" YES

YES
YES

YES
YES

CONFIRMED

YES
YES

YES
YES
YES

YES
YES

YES

YES
YES




T4.2 : modelling platform developement (Ms10@M12)

BAIXA - Lt of the planned model developments in RIVIERADE for cach modelling platform,
HOW_(BAL): mplu the ouslisg lid swfice scheme with un improved hydlogial and temesrial
forcing, higl resalution, using machine
lei II1|IIIL Wn'b!um |.\I.|Il|ll]|l. I!N HIII\‘H)’INF n1 ul, 2019), Ulicge (BLE): devedpment of o regional
g ofthe regional simwspherss medel with th physical-
2 mudn.l litfans fioe rivices; i i PP. METU(BLE):

.
wnline plysical-biogEnchicrical congllig, Wighe syatil sesokiion and Imgcied river sed Hnsp:\m:. boundary
- condiions; impeoving representation of the mid s highes muhlc level, CMOU [MED, BLED: add o lind-surtace
scheme improving the of hydralug tatioe and of temestrial jcal Buxes: ndd a river

Tt scheme lprving mncma.,-.ms.un »frncnlnscllnl‘:t CNRS-CNRMICNRS-LEGOS (MED): add hles

and tidal induced mixing: use open boundary conditions in the sear-Atlantic; increase the rAiver model resolution
W 12 ko s add more dver mouths for MED and BLEC updaie NEMO sersion 10 4.2 835 m CMEMS, change

L]
vertical mising scheme incliding o sew doep convection scherie, improve fhe pelagic benthic coupling. OGS
I I I l V I I | I l [MEIN: aff-line bivgeochemica-physes coupling with CNRS-CNRM system. ENEA (MEDY: igher resolition
version @ comvection penmitting scale (34 km) for the simasphess and 115" for the ocan; DARWEN

angeochenniry misdel for the MED, highr-resautson rivsr model, [LEE Delfl 18Il oupling of PCR and
Shareline$ madel for rapid, high resal I cwosion and sk

MODEL DEVELOFMENTS v [

PARTNER v MODELNAME ~ DVT1 v DVIZ v DVT3 v DVT4 v DVI5 ~ DVT6 l’;E"ET v CONEIRMED ~

1ow OW-ESM Ir_nnmverl hy(_‘imlnglr,al and terrestrial replace CCLM by ICON-A use pf ML-base BALTIC NO =
biogeochemical model routing scheme
Improve OBC forcing, higher temporal
SMHI resolution, using machine learing BALTIC NO -
regression technigue
ULiege Atmospheric model calibrated for BLACK QA coupling improved niver BLACK NO -
boundary conditions
P ) ) . : . . . ’ improved Bosphorus =
METU on-line physical-biogeochemical coupling  higher spatial resolution  improved river Boslan: conditions BLACK NO
land-surface model improving the add a river routing BLACK and
cMee representation of hydrology, vegetation scheme to improve river MED NO ¥
and terrestrial biogeochemical fluxes discharge representation
use open boundary . : change vertical mixing
. T o i increase river add more river mouths  update fo .
CNRM CNRM-RCSM& add tides and tidal induced mising conditions fcrr the resolution to 12km for MED and BLK NEMO4.2 scheme_ incl new deep MED NO w
near-Atlantic convection scheme
higher resolution at : i = : g o
: = PR s higher resolution at 1/16° add DARWIN for higher-resolution river <
ENEA ENEA-REG3 tcr?:;:!;tmn permitting scale (3-4 km) for il G ORam blogeocharmistry sl MED NO




T4.2 : simulation evaluation (MS11@M18)

- (multi-sea and) multi-model coordinated evaluation

- Hindcast runs and Historical runs

- A lot of sea-specific literature but no clear existing protocol

- What can bring CMEMS experience in model evaluation ?

- Historical runs can not be evaluated as hindcast or reanalysis

- CINECA internal storage access needed for MS11

- CINECA facility : usable for a centralized evaluation ?

- What are the objective(s) of this evaluation phase within the whole project
story ? Building confidence, Documenting the simulations for the users,
Selecting of the simulations for the services, ...

- What do we want to evalute ?



Extra slides




T4.2 : modelling platforms

Table 1.2. RIVIERADE modelling platforms (components, spatial resolution) for the multi-decadal simulations at
basin-scale (ocean physics, PHY, biogeochemistry, BGC, ETWL, coastal flooding, CF, coastal erosion, CE). ': model
configuration involved in CORDEX before the start of the project, *: model configuration involved in CMEMS before
the start of the project. IOW, CMCC, SMHI, ULiege modelling platforms used for downscaling decadal predictions
will match or be largely based on these configurations.

Partner Atmosphere and Land hydrology |Ocean Ocean BGC |[ETWL, |Target
land surfaces and rivers PHY CF,CE ([sea

I0W1 (a) CCLM ML routing MOMS5 ERGOM - BAL
12 km 12 km 5.4 km 5.4 km

SMHI'2 (b) HCLIM43-ALADIN |EHYPE4 NEMO -Nordic [SCOBI - BAL
12 km per catchment 3.7km 3.7km

ULiege? (¢) MAR CTRIP NEMO4.2 BAMHBI - BLK
10 km 10 km 2.5km 2.5 km

METU? (d) HCLIM43-ALADIN |[Wflow-SBM NEMO TURSEM - BLK
12 km 2 km 3 km 3 km

CMCC'2 (e) WRF-ARW Hydros NEMOMFS |BFM - BLK
12 km 11 km 6 km 6 km MED

CNRS-CNRM' ALADIN CTRIP NEMOMED |ECO3M-S |- MED

CNRS-LEGOS! (f) |12 km 10 km 6 km 6 km

0GS? (g) BFM

6 km

ENEA' (h) WRF CaMa-tlood MITgem DARWIN - MED
12 km 3 min 9 km 9 km

IHE Delft (i) - - - - SFINCS |Al

12 km*~




T4.1 : list of planned simulations

- Use the CORDEX github to centralize the list of runs ?
- Fit in the new jWG on ROCP

MED-122
Colour legend for status; [ planned running completed published ) // source_type: | unregistered ARCM AORCM ESD )
(s)| CLMcom-GUF CNRM UBEL ENEA “’:’;‘s’m' cMcC | NKUA 1IcTP 1PSL
ICON-
CCLMS5-0-9- | CNRM- | CNRM- ENEA- | ENEA- ) RegCM-
REM | vemomEDI2.3.6| ncsMe | acsmea [FBUPOMZE|  ppcy REG3 i‘:ﬂg‘ MedESM | Matd-CM| “pgyy [RegIPSLVZ
driving_model bk
ERAS evaluation luati I len I fon I ion eval lon evaluation evaluation evaluation svaluation
hist i
CNRM-ESM2-1 |  riipif2 sspsss | P16
=sp370
EC-Earth3 nitpifi hist
ssp370
rzipin hist ssp585
Ec-Eaﬂh!-WQ his!
Aipin e}
hist
MPI-ESMI-2-HR|  Alipifl =spi2e hist hist bt
S5p245 55p370 s5p370 ssp370
ssp585
i hist
NorESM2-MM rlilpifl s5pl26
ssp370 ssp370
TBD 8D hist hist




T4.2 : modelling platform, BAL: SMHI



T4.2 : modelling platform, BAL: IOW

. 1950 1959 1979 2015 2021 2098 simulation time
Model domains z . —>
LaHASAD .
2 MPIESM e
L4 MPLESWASSPI70:8500 )
MPLESMA S5P3.7 0 REF i
1
& | ECEnthVessSSPLa 64850 o)
£ o EC-Earth-Vieg-551-2.6+REF |
-g P E(_-I:ar}h Veg ECEarth Vegs 55P a0 BYAP
~ = EC{ar(h-VEg—SSF‘}-i.OvRE.’ '
g2 |
28
R WIRDC655P1-7.6+854P
B siistice WIROCG: 55P 12 6 v REF
ad|l @ MIRDCE+55P3-7.0+B5AR ot
| MIRDCEY 55777 0+REF !
| e =]
= I o CHECCa ShEsoSRra orBaAe ol
W CMCC-CM2-5RE+55P1-2 6+REF |
CMCC-CM2-5R: e e e
a-nnlngr-: §!S-|umum=wlvm=wl—m Elle 2585 i CMCC-CM2-5R5+55P37.04B5AF
08 1404 0-15 =100 301 - 40 01 - 760 - e T2 5Re 55 DR "
Mor [ a5 EElG-m 04 -200 [ 40+ - 50 L - 0 _5_ " CMCC-CM2-5R5+55P37.0+REF i
B sl w g =
a hindcast
runoff calculator i W | N

nteractive/f
E|1:1tera| IBCleIcu]aLol runoff consistent coupling
Flux calculator |

temp/salt

i ) nutrient load
climatologies ocean/ice model

scenarios GCM



T4.2 : modelling platform, BLK: ULiege



T4.2 : modelling platform, BLK: METU



T4.2 : modelling platform, MED: CMCC



T4.2 : modelling platform, MED: ENEA



T4.2 : modelling platform, MED: CNRM-RCSM

32 3 2 3 32 3 3
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One of the coupled RCMs contrlbutlng to the Med-CORDEX initiative (Phase 1, 2, 3)

River Wave
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