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Abstract. Evaluation results from the reanalysis-driven (ERAS/ORASS) evaluation simulation for the years 1979-2021 with a
regional coupled ocean—atmosphere model (ROAM) are presented. The coupled setup portrayed here is one of the first regional
climate modeling systems to couple the ICON atmosphere model in climate limited-area mode (CLM) with the ocean model
NEMO for the North and Baltic Sea (NBS), using a flux-based OASIS coupling approach. Along with the simulation with-using
the coupled model configuration ROAM-NBS, the simulations with the uncoupled components (ICON-CLM and NEMO-
NBS, respectively) are analyzed and compared with various observational datasets. ROAM-NBS complements atmosphere-
only climate projections with the same atmospheric model and setup, which will all be published in accordance with EURO-
CORDEX specifications. Climate projections by ROAM-NBS will enrich the data available to support the German Strategy
for Adaptation to Climate Change (DAS), especially for our target region, which are the German national waters.

In general, the mean model climate is well represented by all setups. The sea surface temperature (SST) bias is, on average,

below-about 0.5 K;-wi

o ROANMNMNER A

- Differences in fluxes and precipitation over tand-the
ocean between the coupled and uncoupled simulations are largely related to SST differences. However, the mean influence on
the land areas is negligible. The evaluations of ocean variables indicate a strong agreement of-between ROAM-NBS with-and

NEMO-NBS. Compared to observations, both simulations overestimate sea ice concentration and extentin-spring;-espeeially

in-the-Gulf-of Bothnia. Mean temperature and salinity profiles in the Baltic Sea show-that-beth-simulationsgenerally reproduee

observed-profile ROANNR avhih ~aldh N deana e agpne —1a-the A nd-Peen—wwhile NEMO-NR how

sionare generally reproduced by both simulations
with biases in the deeper layers. Major inflow events are captured but underestimated. Sea surface height and wind-storm

surge highly coincide with observational data, with NEMO-NBS slightly outperforming ROAM-NBS in eerrelation—terms of
correlation. The marine heat wave (MHW) evaluation against observations in the North and Baltic Sea demonstrates that the

simulations capture the inter-annual variability of MHW characteristics.
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Overall, the coupled simulation demonstrates goed-adequate performance for both the atmosphere and the ocean, and the setup
is-now-ready-to-be-used-for-produeing-will be used to produce coupled regional climate projections for Europe. However, bias
correction for the deeper Baltic layers remains necessary for further applications, and future work will focus on refining the

1 Introduction

In climate modeling and research, the results of regional coupled or ocean models are still underrepresented compared to global

ones. While the regional downscaling of the atmosphere is coordinated through the CORDEX initiative (Giorgi et al., 2009),
data from regional ocean models are-stitl-sparseand;-due-to-the-dewnsealing-chain; remain sparse. Only in 2025, the CORDEX

Task Force on Regional Ocean Climate Projections (htt;

last access: 25 September 2025) was established. Since standalone ocean models are ideally forced by the output of regional
atmospheric models, the ocean simulations can only be delivered with a considerable delay compared to the global climate sim-

ulations due to the downscaling chain. Thus, one advantage of using a regional coupled ocean—atmosphere model for climate
projections, compared to the stand-alone ocean component, is the independence of regional climate model (RCM) projections
from CMIP6. Moreover, the regional coupled model allows us to deliver consistent information on climate and climate change
for the atmosphere and the ocean in the North and Baltic Sea (NBS) region, with a particular focus on the German coasts. For
the Baltic Sea region, a number of investigations using regional coupled models were dore-conducted within the framework
of Baltic Earth (https://baltic.earth, last access: 9 July 2025). Groger et al. (2021) review progress on coupled modeling in
that context. The investigations considered in the review outline different aspects of the added value of regional coupled mod-
els. Groger et al. (2021) summarize that only online coupled high-resolution ocean models can represent small-scale ocean
processes accurately. They also conclude that the demonstration of the added value of coupled models over their uncoupled
counterparts is often influenced by biases ef-datasetstikeranoffin datasets, such as runoff, used for the forcing of the uncou-
pled versions. Christensen et al. (2022) analyzed RCM projections with and without ocean coupling, forced by global climate
model (GCM) simulations provided with the fifth phase of the coupled model intercomparison project (CMIPS5). Their focus
was on climate change in the Baltic Sea region. They showed that the coupled simulations can exhibit differences in future sea
surface temperatures and sea-iee-sea ice conditions compared to the respective uncoupled versions, which can locally modify
the climate change signal. As shown by Groger et al. (2021), different regional coupled ocean—atmosphere models have been
in use for the NBS region. These are coupled versions of CCLM and NEMO (e.g. Pham et al., 2014; Primo et al., 2019; Ho-
Hagemann et al., 2020), RCA4 and NEMO (Groger et al., 2015; Dieterich et al., 2019), REMO and MPIOM (Sein et al., 2015),
or Hirham and HBM (Tian et al., 2013). Karsten et al. (2024) present a recent development of a coupled ocean—atmosphere
model, which is-eeupling-couples the atmosphere and the ocean component (CCLM and MOMS, respectively) using-yia an
exchange grid. Bauer et al. (2021) were coupling ICON and GETM via an ESMF exchange grid. However, the ocean domain
domains of their coupled model-onty-encompasses-models only encompass the Baltic Sea, which-is-a-very-or an even smaller
domain in the case of Bauer et al. (2021), which is merely a small part of the whole EURO-CORDEX domain used for the

s://cordex.org/strategic-activities/taskforces/task-force-on-regional-ocean-climate-
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atmosphere. A first version of a coupled regional ocean—atmosphere model incorporating ICON in climate limited-area mode
(ICON-CLM) and NEMO was presented by Ho-Hagemann-et-al+(2024)Ho-Hagemann et al. (2024). The modeling system is
called GCOAST-AHOI, just as its earlier version (Ho-Hagemann et al., 2020). Ho-Hagemann et al. (2024) found that the new
version of GCOAST-AHOI could well capture near-surface air temperature, precipitation, mean sea level pressure, and wind
speed at a height of 10 m. However, there was a prevailing negative sea surface temperature (SST) bias of 1-2 K, which they
attributed to an underestimation of the downward shortwave radiation at the surface.

Here, we introduce ROAM-NBS, a new version of a regional coupled ocean-ice-atmosphere modeling system covering the full
EURO-CORDEX domain for the atmosphere and the North and Baltic Sea for the ocean. ROAM-NBS combines the ICON-
CLM atmosphere model (version teen—2024-07icon-2024.07) with the NEMOv4.2.0 ocean model and the Sea Ice modelling
Integrated Initiative (SI3) thermodynamic sea ice model, coupled via OASIS3-MCT using a flux-based exchange approach.
Compared to the version by Ho-Hagemann et al. (2024), ROAM-NBS is based on a later NEMO version and includes a new
ocean bathymetry, which is partiewlarly-specifically designed for a good representation of the German coastline. Moreover, our
setup also integrates a refined treatment of radiation in NEMO based on prescribed chlorophyll distributions, supporting a real-
istic representation of shallow and stratified shelf seas. With the use of a later ICON release, a more recent NEMO version with
major updates, higher-resolution coastal bathymetry, and enhanced representation of surface fluxes and radiation, ROAM-NBS
represents a methodological advance over previous GCOAST configurations.

Using ROAM-NBS and different configurations of GCOAST-AHOI described by Ho-Hagemann et al. (2020, 2024), which
all employ an online coupled ocean for the NBS region, CMIP6 climate projections will be downscaled for the EURO-
CORDEX region (Jacob et al., 2014). These coupled regional climate projections will complement the RCM simulations of
EMIP6-CORDEX-CORDEX-CMIP6 (https://github.com/WCRP-CORDEX;; last access: 23 May 2025). The simulation sta-
tus is updated en-a-—regular-basisregularly and can be viewed at https://wcrp-cordex.github.io/simulation-status/f CORDEX _
CMIP6_status.html#EUR-12 (last access: 23 May 2025). The evaluation simulation analyzed in this article defines the setup
of ROAM-NBS that will be used for the-downscaling. Additionalty-In addition to publishing the data on the ESGF nodes within
the EURO-CORDEX community, ROAM-NBS will be applied to generate an ensemble of climate projections that can be used
for climate adaptation measures in German national waters. Related evaluations will be published on https://das.bsh.de (last
access: 9 July 2025).

The comparison of coupled simulations against their uncoupled counterparts, which are forced by high-quality reanalyses like
ERAS (Hersbach et al., 2020) at the ocean—atmosphere interface, can never be a fair one. Thus, the most important added
value of using a regional coupled model for climate projections is not shown when evaluating the reanalyses-driven evaluation
simulation, where we can provide good forcing data for both components for uncoupled simulations. tis—rather-The added
value can rather be shown in the next step, when we are-generating-generate the coupled regional historical simulations (i.e.,
for the historical time period as the reanalysis-driven evaluation simulation, but with GCM data as lateral boundary conditions)
and the climate projections, which are not part of this article. However, even if the added value of coupling cannot be fully
quantified from reanalysis-driven simulations, the evaluation provides an essential test of consistency and robustness.

The main aim of this article is to analyze the general performance of the coupled evaluation simulation, considering the at-


https://github.com/WCRP-CORDEX
https://wcrp-cordex.github.io/simulation-status/CORDEX_CMIP6_status.html#EUR-12
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Figure 1. EURO-CORDEX domain (EUR-12) used for ICON-CLM (the corresponding colorbar is labeled with "height") and NEMO-NBS

bathymetry (colorbar labeled with "depth"). Grey quadrangles denote boxes used in the evaluation.

mosphere, the ocean, and the sea ice components. We evaluate whether the coupling leads to any significant degradation or
drift in mean climate ;-and whether major climate-relevant features such as SSTs, near-surface air temperature, surface heat
fluxes, stratification, and extreme sea level are consistently represented. Therefore, we are comparing the individual compo-
nents against measurement data, as well as the coupled simulation against the simulations of the standalone versions of the
atmosphere and the ocean—sea-ice component. As each component can introduce new biases into the system, it has to be assured
ensured that the coupled system gives-comparable-results-as-yields comparable results to those of the individual components.

After giving-an-overview-on-providing an overview of the coupled system and its individual components in Sect. 2, the eval-
uation is presented in two parts: In Sect. 3, the focus is on the evaluation of the mean climate. Surface variables are validated
on the model domains of the atmospheric and ocean components, respectively. For profile data, the focus lies on evaluating
the Baltic Sea and its complex stratification. Section 4 analyzes the ocean variability and selected extreme events such as
Baltic inflow, storm surges, and marine heat waves. As the ocean component is of additional benefit compared to most other
EMIP6-CORDBEXsimulations;aCORDEX-CMIP6 simulations, particular focus is put-placed on the evaluation of NEMO-

NBS and the ocean part of ROAM-NBS. Main climate and extreme events are primarily assessed in German national waters, as

their severity and frequency in the presenee-present and in the future are relevant for the planning of climate change adaptation.

2 General model description and experiment setup

The ROAM-NBS coupled model comprises regional atmosphere, ice, and ocean components adapted for high-resolution cli-
mate applications over Europe and its northern adjacent seas. Below, we describe the setup and configuration of each compo-

nent, the coupling strategy, and the experiment design.
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2.1 ICON-CLM

The initial version of ICON-CLM was set up by Pham et al. (2021) and was thereafter further developed by the Climate
limited-area Modelling (CLM) community (https://www.clm-community.eu; last access: 15 July 2025) and within different
projects funded by the German Federal Ministry of Education and Research. For the European domain (Fig. 1) with a horizon-
tal resolution of about 12.1 km, the setup of ICON-CLM is largely based on the setup used for numerical weather prediction
(NWP) by the German Weather Service (DWD). An overview of the set of physical parameterizations used is given by Prill
et al. (2024). Compared to the ICON-NWP con guration, ICON-CLM is adapted for climate applications: ICON-CLM uses
temporally varying sea surface temperature asa-iceseaice concentrationsjconq elds prescribed from a coarser model

or by reanalyses together with the lateral and upper boundary conditions. At the upper boundary, a nudging is applied using
a nudging coef cient which is 1 at the model top of 23.5km and <0.1 in the ninth model layertfrerop (14.0&km). To

account for temporally varying insolation, the CMIP6 forcing for spectral solar irradiance as provided by Matthes et al. (2017)
is read in. Furthermore, the yearly varying greenhouse-gas forcing of CMIP6 is used.

To make ICON more suitable for climate projections, the model had to be adapted fesatheuseof the transient clima-

tologies of aerosol and ozone. These adaptations were mainly done for the new global ICON-based Earth System Model,
ICON-XPP (Muller et al., 2025a, b): For ozone, the CMIP6 dataset (Checa-Garcia, 2018) is used. The aerosol climatolo-
gies used originate from ECHAMG6 (Stevens et al., 2013), namely the anthropogenic aerosol climatology MACv2 developed
by Kinne et al. (2013) and Kinne (2019), but in the simple-plume version (MACv2-SP, Stevens et al., 2017), and an ex-
tended volcanic aerosol climatology based on Stenchikov et al. (1998). However, the Kinne aerosols provide different input
parameters compared to the default aerosol climatology used in ICON for NWP. While different species are available from
the aerosol climatology of Tegen et al. (1997) in the NWP version, which allows to infer properties like hygroscopicity,
this distinction of different species is not available for the Kinne aerosols. In NWP, the aerosol properties are used to de-
termine the in uence of aerosols on cloud droplet numbers, which are an important quantity in cloud microphysics, with a
secondary effect on radiation. Using the Kinne aerosols, the aerosol-cloud coupling was lost and had to be replaced with an
alternative treatment. It was decided not to use the scaling factors available from the simple plume scheme (Fiedler et al.,
2019), as these depend on assumptions, but to use a climatology of cloud droplet number concentrations (CDNCSs) derived
from satellite measurements. The non-transient, but monthly varying climatology used here is from Gryspeerdt et al. (2022)
and was adjusted with a climatology of ECMWMOD DN imatology-basedon-Bennartzand-Rauseh-(20 and

Another difference to the NWP setup is the use of a soil-type distribution of the Harmonized World Soil Database v2.0 pro-
vided by the Food and Agriculture Organization of the United Nations (FAO). As recently in NWP, the urban parameterization
TERRA_URB was switched on (Zangl et al., 2025).

Note that the simulations and the raw output of ICON are done on an icosahedral, irregular grid (R13B5 in ICON notation).
However, the raw output is interpolated using the nearest-neighbour approach onto the common EUR-12 grid (Fig. 1) and all
evaluations for the atmospheric part are, therefore, also done on this rotated longitude-latitude grid.


https://www.clm-community.eu

For EURO-CORDEX, the evaluation simulation for ICON-CLM that will be published on ESGF was generated within the
145 project "Updating the data basis for adaptation to climate change in Germany" (UDAG). Hereafter, this simulation will be
called ICON-CLM-UDAG. The latest tuning for ICON-CLM was done ireammenjoint effort of the UDAG project and

150 parameter)s applied.One settingthat was not modi ed. in ICON-CLM-UDAG. comparedto NWP, but in our ICON-CLM

onenamelistsetting;whieh-(the minimum diffusion. coef cient for heattkhminwasincreasedrom 0.6 to.0.8 for the winter

155 For ROAM-NBS as well as for UDA@NdICON-CLM, the open source release icon-2024.07 was used. However, the OASIS3-

MCT interfaces necessary for the NEMO coupling are not included in the of cial version as YAC is the only coupler supported
by the ICON consortium. Therefore, the modi cations of the feature branch containing the OASIS interfaces are made avail-
able via github.

160 2.2 NEMO-NBS

The ocean component is based on the Geesthacht Coupled cOAstal model SysTem (GCOAST) setup, developed within the
coastal model framework of HEREQONle-Hagemann-et-al2020-Grayek-etal;2023-Staneva-et-al(Zlahgva et al., 2016; Ho-H

Baltic Seaf(Staneva et al., 2016; Grayek et al., 2023). The main feature of the GCOAST setup is the enhanced representation
165 of the coastal processes in the larger European shelf domain (Fig. 1), together with North and Baltic Seas, aliesialg a

170 _-coordinatdntersectgheseabedandbecomes pseuda-coordinateThistransitionleadsto asmallerhottom-levelindexin
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SemeA numberof changes were made to the original GCOAST version: In the current work, the updated NEMOv4.2.0 (Madec

et al., 2022) with a new sea ice model SI3 (Vancoppenolle et al., 2023) instead of NEMOV3.6 was used. Besides the model
version, an updated bathymetry from the European Marine Observation and Data Network (EMODnet) framework (EMOD-
net Bathymetry Consortium, 2020), which comes witer resolution, especially relevant for the coastal representation,

has substituted the General Bathymetric Chart of the Oceans (GEBCO)-based bathymetry. Further, manual ne-tuning of the
German coasts and Danish straits and a Laplacian smoothing were applied to the EMODnet data. In Figepthileeper

to the original GCOAST setup was made in the radiation scheme: a three-band RGB radiation scheme instead of a two-banc
scheme was used. This scheme allows for a differentiateidtiontreatmenbf{reatmenof radiationin the North and Baltic

Seas, enabling better representation of highly strati ed zones. The spatial variability in radiation is represented through a

two-dimensional climatological eld, which captures the mean chlorophyll concentration. This eld serves as a prescribed

module, the chlorophyll eld is derived from literature and observational datasets: Schernewski et al. (2006) for the Baltic Sea,
OSPAR Comission (2017) for the North Sea, and NASA Earth Observations (2024) for the Atlantic Ocean. Due to this change,
a different radiative penetration of the sea surfaces of the shallower Baltic Sea and the deeper North Sea could be achieved
The state-of-the-art Thermodynamic Equation of Seawater (TEOS-10, https://www.teos-10.0rg, last access: 26 June 2025) is
applied within NEMO-NBS for the calculation of state variables.

The river runoff dataset was provided by the German Bundesanstalt fir Gewé&sserkunde and combines observational data i
German national waters with model results of the WaterGAP hydrological model (Muller Schmied et al., 2021).

In the NEMO stand-alone setup, atmospheric forcing elds of the ERAS reanalysis (Hersbach et al., 2020) in an hourly tem-
poral resolution are used. These comprise wind velocities at 10-m height, air temperature and dew point temperature at 2-m
height, mean sea level pressure, downward solar and thermal radiations. The surface turbulence and momentum uxes are
estimated using the ECMWF (2018) bulk formulation as implemented in the Aereobulk package (Brodeau et al., 2017). An ad-
ditional in uence is set by addingratmospheric pressure asinverse barometer sea surface height to the ocean momentum
equation.

The main tidal constituents M2, N2, 2N2, S2, K2, K1, O1, Q1, P1, and M4 for both NEMO-NBS as well as the coupled

Within NEMO-NBS and ROAM-NBS, only the ice thermodynamics of the SI3 sea ice model is applied, using ve ice cate-
gories and two ice layers.

This setup represents one of the rst implementations of NEMOv4.2.0 with SI3 in a fully coupled regional system for the
European shelf, North and Baltic Sewth direct applicability to coastal hazard and climate risk assessments.



210

215

Table 1. Variables exchanged between the atmosphere and the ocean via OASIS; for variables denagéabbyconservation is applied
by OASIS after horizontal interpolation; NEMO variables denoted bagre aggregated over all ice categories before sent to the atmosphere;

NEMO variables denoted by are rotated from the geographical to the local grid and staggered onto the U,V grid within NEMO; "ocean”

variable NEMO variable ICON variable
ocean atmosphere

SST ts (as potential temperature) t_seasfc;t_s;t_s_t(ocean)

sea ice fraction fr_i fr_seaice

seaice albedo alb_ice albdif_t

sea ice thickness h_i h_ice

sea ice (surface) temperature tn_ice t_ice

atmospheré ocean

solar radiatioh, ocean tile gsr sw xsfc_t(ocean)
solar radiation, ice tile gsr_ice sw xsfc_t(ice)
non-solar radiation ocean tile qans Iw xsfc_t(ocean) + Ih _s_t(ocean) + sh _s_t(ocean)
non-solar radiation, ice tile gns_ice Iw xsfc_t(ice) + Ih _s_t(ice) + sh _s_t(ice)
u-momentum ux, ocean tile utau um _s_t(ocean)
u-momentum ux, ice tile p_taui um _s_t(ice)
v-momentum ux, ocean tile vtau vm _s_t(ocean)
v-momentum uy, ice tile p_tauj vm _s_t(ice)

precipitation, liquid part zemp= evap (rain + snow rain_con_rate + rain_gsp_rate

precipitation, solid part zemp evap (rain+ snow) snow_con_rate + snow_gsp_rate

evapotranspiration zemp= evap (rain+ snow) gh_s

sublimation evap_ice gh _s_t(ice)

mean sea-level pressure apr; ssh_ib@pr rpref)=( Q) pres_msl

2.3 Coupling via OASIS3-MCT

Hereafter, we will refer to OASIS only for the sake of brevity. The interfaces within the ICON code are based on the im-
plementation described by Ho-Hagemann et al. (2024). On the NEMO side, the OASIS interfaces are used as provided with
NEMOvV4.2.0. In our setup, we are using exclusively the approach of the ux coupling (Ho-Hagemann et al., 2024), which has
the advantage over the bulk coupling that both the atmosphere and the ocean model see the same turbulent uxes. Additionally

as ICON incorporates a tile approach, the ux coupling ensures the best possible local conservation of energy on non-common
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grids without using an exchange grid as, for example, Karsten et al. (2024); when variables are sent from the atmosphere a
lower horizontal resolution to the ocean via OASIS, tiled quantities are used. This approach is very similar to the one used in
ICON-XPP (Mller et al., 2025b). These tiled quantities are representative for the ocean and sea ice fractions, respectively, in
each atmospheric model grid cell, and are used by the ocean fexgheetivacomputations for open ocean and sea ice. The
respective quantities are solar shortwave radiation, momentum ux, and the so-called non-solar radiation, which is the sum of
sensible heat ux, latent heat ux, and long-wave radiation. As the ice fraction is sent from the ocean model to the atmospheric
one via OASIS, the ice fractions of both models are consistent. In the default NWP and ICON-CLM setigs-theseaice

scheme calculates the heat transfer within the sea ice, dependent on the current ice depth and a standard bottom temperature.
cannot generate new sea ice, but the ice thickness can decrease and ice albedo and surface temperature are determined depe
ing on the heat transfer as well as on snow lying on the ice. To make the thermal part more consistent with thsﬁgleLO/

which has a more detailed treatment of thermodynamical processes within sea ises-tlseseaice albedo, thickness and

surface temperature are transferred from the ocean to the atmosphere in our setup. The ocean albedo over water is not sent, .

QOverthe ocean]|CON. usesa formulationby Taylor et al. (1996) fothedirectalbedoandthe valueof 0.06for diffuse albedo

The complete list of variables exchanged during the coupling in ROAM-NBS is given in Table 1. For selected variables, a
global conservation is applied, which means that the area average is compared before and after horizontal interpolation. By
selecting "GLBPOS" in the OASIS settings, the difference between the area average on the target minus the source grid is
distributed proportionally to the value of the original eld.

Because only the respective portions of uxes for the oceansaaeiceseaice tiles are used, ux contributions from land
points are completely excluded when uxes are sent from the atmosphere to the ocean, which also ensures a consistent exchang
of energy and momentum along the coastlines. As suggested by Mechoso et al. (2021) for models that incorporate the tile
approach, the ocean fraction of the atmospheric model is adapted to that of the ocean model, which is obtained by interpolating
the binary land-sea mask of the ocean model to the atmospheric grid. The land and lake fractions of the atmospheric model
are adapted accordingly. For a correct treatment of coastal points, great care was put on identical interpolation methods for the
NEMO land-sea mask and the NEMO elds to the ICON grid during coupling, as well as on the consistency of the common
land-sea mask and the masks used by OASIS. Thus, the ux coupling as included in ROAM-NBS is a good compromise
between simplicity and correctness.

The evaluation simulation was run for the coupled model (ROAM-NBS) and for both the atmosphetieeacdan compo-
nents individually (ICON-CLM and NEMO-NBS, respectively)i.e., we are overall evaluating and comparing three simu-
lationder-theyearst979-2020. In Sect. 3.2.1,siorthasiccomparison to the evaluation simulation from the UDAG project
(called ICON-CLM-UDAG) isshownadditionally.- We startedour simulationsn-Septembelt 978, hutthe 4-monthswere
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..Our experiments were started in September 1978 because of the stable thermal mixed layer in the ocean. Starting

period’

in January would mean starting in the middle of the winter season when thermal conditions are unstable and thefsea ice

combined product from the ORASS5 reanalysis and the Baltic reanalysis product provided by SMHI (personal communication)
based on Hordoir et al. (2019)herestarteld for 1 Septembel 978from the

For a better comparison of NEMO-NBS and the ocean part of ROAM-NBS, it was decided to use the same observation-based
dataset for the runoff for both experiments. ICON-CLM as well as the atmospheric part of ROAM-NBS were started from the
ERAS5-driven ICON-CLM-UDAG simulation, which had been running since 1940.

For the atmospheric part, ERAS reanalyses were used as lateral boundary conatipresscribed by the CORDEX-CMIP6
experiment protocol (CORDEX, 2025). They are available @thourly resolution andhey-are also used to prescribe SST

and sea ice in the uncoupled ICON-CLM simulatiétse-fer-For ROAM-NBS, ERA5 SST and sea ice elds amsoused

in ocean regions outside of the NEMO-NBS domain. As lateral boundary conditions for the ocean, the temperature, salinity,
zonal and meridional ocean velociti@d sea surface height (SSH) elds from the ORASS global reanalyséssetdataset

(Zuo et al., 2019) are usedo-ensurethe-modelzeropointto-beconsistenwith-the-onefrom-ORA he-ORAS5mes

SSHatthebeoundariesscalibratecte-the SSHatHelgotand-The prescribed elds were used at a monthly resolutasdaily

10



Dataset Evaluatedjuantities .Usedin Sect. Evaluatedime period
Copernicus ESA SST CCl and C3S )

SST,seaice 3.1,3.3.1,A2 1981-2020
reprocessed SST analyses oo oo T '
ERAS SST 321 1279-2020

tas, tasmin, 1979-2020;
E-OBS 3.2.1A1
""" tasmax, precipitation T 2001-2020 in Fig. A1
meteorologicaktations hourly wind speed(10 m) 3.2.3 2011-2020
FINO1wind measurement hourlywind speed100 m) 3.2.3 2004-2010
Copernicus Baltic Sea- In Situ ocean temperature

3.3.2,3.3.3,A2 .1979-2020
Near Real Time Observations and salinity (pro les) o T '
Copernicus Multi Observation Global Ocean o
surfacesalinity .3.33 Decembenl 993—-Novembe2020
Sea Surface Salinity and Sea Surface Density = 77 ' T o
GESLAv3.0gbservationatiata seasurfaceheights(SSH)  .3.3.4,4.2,A2 2015-2019or selectectvents
. temperature and November 2014,
Baltic thalweglevel 4 datase N 4.1
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Ocean Physics Reanalysis

3 Evaluation of the mean climate

To assess the realism of the coupled ROAM-NBS system, we evaluate its representation of the present-day climate over the
North and Baltic Seas in comparison with the atmosphere-only (ICON-CLM) and ocean-only (NEMO-NBS) simulations. The
290 seasonal means are calculated for the main ocean-atmosphere surface variables to evaluate the performance of ROAM-NBS ar

in the Baltic to assess the ocean components' ability to model highly strati ed regions. Statistical values for the sea surface

height are presented for stations throughout the ocean domain.
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3.1 Sea surface temperature

The most crucial variable at the interface of the atmosphere and the oceaststhefacetemperatur@sSST,asit serves

biaspatternis found near the northern Atlantic boundaeast of Iceland. This temperature bias could originatgom the
northward heat transport by the Gulf Stream at the surface and a too weak vertical diffusion/downward transport of heat at the

lies between 10Wm 2 (seeFig. Al) in the NBS region compared to CERESASAALARC/SB/ASDE, 261 ata. This
reduction of the radiation bias contributed to a decrezge the positive SST bias in summer. However, it was not possible to
reduce it further by a tuning of the atmospheric part. Eddy diffusivity in the eastern Atlantic was parameterized to be an order
of magnitude higher than in the western Atlantic, which may have contributed to the cold bias observed near the French and
Portuguese coastshetime-

Time series of thespatialmeanseasonal SST biases against the Copernicus observations are shagieboeedifferent
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Figure 2. Seasonal mean sea surface temperature difference between ROAM-NBS and Copernicus observations (a) and ROAM-NBS and
NEMO-NBS (b) for the period September 1981-November 2828-ice-contourstor-Copernicusobservationggrey)andmedeldata

(blaek)..
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Figure 3. Bias of winter (DJF) and summer (JJA) seasonal mean SST time series for NEMO-NBS and ROAM-NBS to Copernicus observa-
tion data for the whole NEMO-NBS domain (a), Open Atlantic (b), the North Sea (c) and the Baltic Sea (d).

345 takesplace.Thetime series for the absolute area-averaged §SdaFig. A4) demonstrate that the year-to-year variability as

3.2 Meteorological conditions
3.2.1 Surface and near-surface temperatures

350 Over the ocean, the seasonal mean surface temperature differences between ROAM-NBS and ERAS5 (Fig. 4a) mainly re ect
mer. The differences between ROAM-NBS and ICON-CLM (Fig. 4b) over the ocean are identical to the ROAM-NBS/ERA5
differences by design, as ICON-CLMusinguses ERAS SSTs as a lower boundary condition over the ocean. Over land, the
differences are small (i.,ec  0:25K) compared to the biases against ERAS.
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