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1. DENMARK

1.1 Danish Meteorological Institute, DMI
No input yet — vacation time...

2. SWEDEN
2.1 Swedish Meteorological and Hydrological Institute, SMHI

At the Swedish Meteorological and Hydrological Institute (SMHI), ocean modelling is
done for climate studies, physical and biogeochemical process studies and for operational
forecasts. Modelling projects are focusing on the Arctic, the Baltic Sea and global
studies.

Model systems in use are the Rossby Centre regional ocean model RCO' (derived from
OCCAM), the global coupled model CCSM3 including ocean component and the
operational ocean model HIROMB (High Resolution Operational Model for the Baltic
Sea?). During fall 2007, the ocean model NEMO (OPA) will be adopted for a global
domain, later also in the regional domains.

Current and near future modeling activities are:

- Coupled ocean-ice-atmosphere runs for a regional Baltic Sea domain in 6 nautical
miles (nm) and 2 nm resolution, using RCO ocean, coupled by OASIS4.

- Coupled physical-biogeochemical runs for the Baltic Sea using RCO-SCOBI (2 and
6 nm resolution) for 100-year long simulations (hindcasts and scenarios).

" http://www.smhi.se/sgn0106/if/rc/rco.htm
? http://www.smhi.se/oceanografi/oce_info_data/models/hiromb.htm



Regional Arctic coupled ocean-ice-atmosphere process studies, predictability
studies and climate scenarios, using RCO ocean model in 0.5 and 0.25 degrees
resolution.

Regional Arctic ocean-ice process studies on interdecadal variability and
biogeochemical processes, using RCO ocean model in 0.5 and 0.25 degrees (or
better), for 100-year long simulations (with new sea-ice module).

Global coupled ocean-ice atmosphere climate runs, using NEMO (OPA)

High resolution Baltic Sea runs using RCO-SCOBI with at least 1 nm resolution
(25-year long simulations)
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3. NORWAY



The main groups working with OGCM development in Norway are located in Bergen
and in Oslo, with a minor activity in Tromse.

The following OGCMs are in use in Norway for climate studies:
1) HYCOM/MICOM (both in Bergen and in Oslo)
2) MITgem (in Bergen and Tromso)
3) ROMS (in Bergen)

3.1 Bergen / Bjerknes Centre for Climate Research (BCCR) (Institute for
Marine Research IMR, Nansen Environmental and Remote Sensing Center
NERSC, and University of Bergen UoB)

All climate related research in Bergen, students, PostDocs and scientists included, is
organized under the Bjerknes Centre for Climate Research (http://www.bjerknes.uib.no).
In 2007, about 30 person years are devoted to integrating, analysing and improving the
OGCMs in use in Bergen.

The activity with HY COM/MICOM is largest, representing about 80% of the total effort.
The Nansen Center version of MICOM (Bentsen et al., 2004; Drange et al. 2005) is used
as the ocean part of the global, fully coupled Bergen Climate Model (e.g., Furevik et al.,

2002, Sorteberg et al., 2005), participating in the IPCC 4AR.

The following classes of studies are carried out:

1) Global and basin spatial scale, interannual to centennial time scale climate
studies (NERSC version of MICOM and ROMS, both fully coupled to
dynamic/thermodynamic sea ice modules)

2) Global and basin spatial scale, interannual to centennial time scale climate
studies on ecosystem and carbon cycle (HY COM/NERSC version of
MICOM)

3) Process studies (all model systems)

4) Global climate modelling with the Bergen Climate Model (participating in
I[PCC 4AR) (NERSC version of MICOM)

5) Data assimilation (HY COM)

3.1.1. Status Climate OGCM at Nansen Center/Bjerknes Centre (Mats
Bentsen/Helge Drange)

All of the activities are based on the Nansen Center version of MICOM. Two global
versions and one regional (Atlantic-Arctic) version are available:

(1) Global model with grid focus in the Atlantic Ocean (35 isop layers; 80
and 40 km horiz resolution in the focus region; grid poles over Europe
and N America).

(i1) Regional Atlantic-Nordic Seas version embedded into model (i) with
about 20 km horizontal resolution in the northern North Atlantic,
otherwise identical to the parent model.



(111) Global version with poles over Siberia and Antarctica (35 isop layers;
1.5 cos@ (Mercator) horizontal resolution), and with enhanced
meridional resolution along equator.
Model version (ii1) forms the ocean component of the global coupled Bergen Climate
Model (BCM). Major achievement with version (iii) has been completion of the IPCC
4AR runs without heat or fresh water flux adjustments.

The Nansen Center version of MICOM deviates from the basic MICOM code by the
following features:

- Layer conservation

- Advection of T and S, including restoration towards reference density

- Convection rewritten

- Diapycnal mixing reformulated

- Cabbeling included (caused by diffusion)

- Entrainment and detrainment modified for polar conditions (where dp is governed
by S, not 8T as at lower latitudes)

- Solar irradiance + polar brine plumes below mixed layer (treated as diapyc fluxes)

- Proper treatment of layer diff near topography (avoiding creeping isopycnals)

- Fix to improve numerical stability (velocity limiting in barotrop and barocline
solver)

- Viscosity fix (large viscosity to reduce noise & long time step)

- Virtual S-flux for ocean-only experiments (local reference S; global fresh water
conservation by globally adjusted SSS)

- Rewritten thermodynamics (single-layer ice and snow, conservation of heat and
fresh water, similar code for coupling and ocean only)

- Updated dynamic sea ice (MPDATA advection scheme)

- Continental runoff routed by the TRIP data base

- Zero-order adjustment of NCEP forcing fields (conservation, solar irradiance)

- Online interpolation of NCEP forcing fields to actual model grid

The model system has been applied to, in particular, addressing fluctuations in the marine
climate of the northern North Atlantic, the Nordic Seas and the Arctic Ocean.
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3.1.2  Development of a new layered OGCM at NERSC/BCCR (Mats Bentsen)

Goals: Should perform well with coarse and fine horizontal resolution; should be suited
as a component of an Earth System Model (many tracers; amplitude, shape, phase,
conservation, capability and efficiency are here important properties).

Status: The development concentrates on the use of isopycnic vertical coordinate, with
possible extension to a hybrid coordinate. As such it represents an extension to the
existing HY COM/MICOM class of OGCMs. Likely, the R-grid will be used for the
horizontal staggering. A generalized forward-backward algorithm will most likely be
used for time stepping. Incremental remapping for the transport algorithm will likely be
used. The latter is a method suited for B-grid models, but it has been adapted to be used
with C-grid. The R-grid, time stepping and remapping are all being tested in idealized
setup of the model, and some with a realistic (global) model configuration.

Test versions of the new OGCM are being tested (2007). The OGCM is also coupled to

the ocean biogeochemistry model HAMOCCS.1 from the Max-Plank Institute for
Meteorology in Hamburg, leading to a new isopycnic ocean carbon cycle model.

Specific features:

- Horizontal grid: Structured (finite difference)

- Vertical grid: Layer-based (finite difference)

- Possibly reversibly staggered horizontal grid (R-grid) by McGregor (2005)

- Possibly extended version of Shchepetkin and McWilliams (2005) generalized
forward-backward algorithm

- Transport discretization by incremental remapping (Dukowicz and Baumgardner,
2000)



3.1.3 Status ROMS Model for the North Atlantic and Arctic Oceans (Paul W
Budgell)

The main motivation for this activity is to provide consistent boundary conditions for
regional modelling of the Norwegian waters for, in particular, ecosystem studies with a
high-resolution version of the same model.

Performed integrations with ROMS v2.1: North Atlantic domain, 20-30 km horizontal
resolution; regional model covering the Barents Sea with 9 km horizontal resolution
Ongoing/planned simulations with ROMS v3.0: Global with grid focus in the Atlantic
(20 km in grid focus region; European shelf model (from Spain to the Kara Sea/Russia)
with 4 km horizontal resolution.

The ice dynamics are based upon the elastic-viscous-plastic (EVP) rheology of Hunke
and Dukowicz (1997), Hunke (1991) and Hunke and Dukowicz (1992). Under low
deformation (rigid behaviour), the singularity is regularized by elastic waves. The
response is very similar to viscous-plastic models in typical Arctic pack ice conditions.
The numerical behaviour improved significantly by applying linearization of the
viscosities at every EVP time step. The EVP model parallelizes very efficiently under
both MPI and OpenMP.

The ice thermodynamics are based upon those of Mellor and Kantha (1989) and
Hékkinen and Mellor (1992). Main features include: Three-level, single layer ice; single
snow layer; Molecular sublayer under ice; Prandtl-type ice-ocean boundary layer; Surface
melt ponds; Forcing by short and long-wave radiation, sensible and latent heat flux;
NCEP fluxes, corrected for model surface temperature and ice concentration, used as
forcing.

Summary: The model captures seasonal variability in the Barents Sea: Good agreement
with observed ice distribution; Good agreement with temperature, salinity ~ 0.1 too low;
Brine rejection from ice formation produces realistic water masses; ROMS captures
significant portion of mesoscale variability even with 9 km resolution.

Recent publications:

Bergamasco, A., W.P. Budgell, S. Carniel and M. Sclavo, 2005, Cryosphere-hydrosphere interactions:
Numerical modeling using the Regional Ocean Modeling System (ROMS) at different scales, 11
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Budgell, W.P., 2005, Numerical simulation of ice-ocean variability in the Barents Sea region: Towards
dynamical downscaling, Ocean Dynamics, DOI 0.1007/s10236-005-0008-3.

Lien, V., W.P. Budgell, B. Adlandsvik and E. Svendsen, 2005, Volume transports and heat fluxes in the
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Svendsen, E., M.D. Skogen, W.P. Budgell, G. Huse, J.E. Stiansen, B. Adlandsvik, F. Vikebg, L. Asplin and
S. Sundby, 2005. An ecosystem modeling approach to predicting cod recruitment, submitted to
Progress in Oceanography.



3.2 Status Oslo Regional Climate Model (ORCM) (Lars Petter Rod/Jens
Debernard)

In Oslo, 4-5 persons work on ocean climate modelling.

ORCM covers the northern North Atlantic and the Arctic Ocean. The model consists of
the atmosphere model HIRHAM (dynamics HIRLAM v2 and physics ECHAM4),
MICOM (0.25° horizontal resolution and 27 density layers), and a sea ice module (EVP
dynamics, one ice layer with prognostic internal energy + insulating snow cover, 0.25°
horizontal resolution).

The ice-ocean model is driven at the lateral boundaries by a basin-wide Atlantic version
of the same model. The Atlantic ice-ocean model can be driven at the lateral boundaries
by input from any ocean-atmosphere model; presently it is driven with climatology and
re-analyses (WOA2001 and ERA40). The atmosphere model is driven directly at the
lateral boundaries; presently with ERA40.

Preliminary simulations from 1990-1999 have been completed. An intercomparison of
these results from similar simulations with coupled regional climate models from Sweden
(SMHI-RC) and Germany (AWI-Potsdam) is underway. An ERA40 downscaling for the
time period 1970-2000 is in production. In 2006, coupled dynamical downscaling of
results from the BCM is scheduled.
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