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Background

The regional ocean climate on the northern European shelf |seas

such as the Barents Sea and North Sea depend on several factors.

In addition to large scale factors such as the Atlantic thermohgline
circulation, more regional factors such as the variability of the inflow
of Atlantic Water onto the shelves are important.

Scenarios of future shelf sea climate will be studied by dyngmic
downscaling, where a regional ocean model is forced both lateyally
and at the surface by output from global coupled atmosppere
ocean models. This work is part of the Norwegian national muilti-
Institutional project “Regional Climate Development Under Glopal
Warming” (RegClim;http://regclim.met.no ).

The work presented here is part of an initial phase of this study, where

the ROMS model is set-up for the North Sea and validated aghinst
present climate. As the model will have to digest information frpm
global models, emphasis is put on finding suitable boundary cqndi-
tions. In particular the lateral boundary condition the Flow Relax-
ation Scheme (FRS) has been implemented in ROMS.

Model set-up

The model used is the Regional Ocean Model System (ROMS)|ver-
sion 2.0, developed by Hernan Arango and Alexander Shchepetin.
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Model domain with land mask and bathymetry. Two of the Skapex
sections are also shown. The present grid has quadratic cells ornja po-
lar stereographic map projection, with a resolution of approximately

8 km. In the vertical 32 s-levels Is used.

Model settings
Vertical mixing: Mellor-Yamada (GLS formulation)

2D boundary schemeChapman + Flather
3D boundary schemefFRS

Forcing
Atmospheric: NCAR/NCEP

Fresh water: Climatological river runoff (including Baltic)
Lateral: Climatology + tides

Simulation period
The model run started 1 May 1989 and continued to the end of Pune

1990. The averages presented here are from 26 May to 24 Junej1990.

The FRS boundary treatment

The Flow Relaxation Scheme (FRS) was developed for nesting Jim-
ited area meteorological models. It is also used in 3D ocean maddels
(Engedahl, 1995), (Heggelund and Berntsen, 2000). Experiencq has
shown this to be a robust boundary condition with a reasonable foal-
ance between allowing external information to enter the domain pnd
the development of the interior model state. The FRS may be viejved
as a clamped boundary condition augmented with a transition zgne.

Algorithm

The algorithm is quite simple, after computing the model solutjon
¢ in the interior of the domain, the FRS solutigf ™! is com-

puted as a weighthed average of the internal and the forced extgrnal
solutiong’ ! in a boundary zone.
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where0) < o < 1. At the boundary where the internal solution |s
not available, a clamped condition is used, corresponding $o1.
This procedure is consistent with a Newtonian relaxation tefm,
— k(P — Pext) Providedz; — x asAt — 0.

To minimize distortions of the interior solution from the OBC, the
profile of alpha should increase slowly from zero and get steepef to-
wards unity at the boundary. In the ROMS implementation, a Jug-
gestion from Heggelund and Berntsen (2000) is followed. L&
the number of grid cells in the zone, choose a time scaled let

1 — tanh(4¢/L).

Bi = (2)
BiAt

YT BALT (- BT )

where: = 0, ..., L — 1 Is an index counting grid cells from the bound-
ary (¢ = 0). The figure below shows this profile witht = 1.5 * 7.
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Figure 3. The surface temperature and current at 50 m depji,
averaged for june 1990. The left panel is done with the FR
condition while the right panel uses a clamped boundary
condition for the 3D current and tracers.

The main current is the Norwegian Atlantic Current (NAC) which
passes between the Shetland and the Faeroes and follows thg¢ shelf
edge towards Norway. Part of this current follows the wesjern
bank of the Norwegian Trench into the North Sea contributing to

a cyclonic circulation in Skagerrak. The fresh Norwegian Cogstal
Current (NCCQC) is also reproduced.
Overall both boundary conditions are working and produces similar

results in the North Sea. However, the clamped condition is notjable
to “swallow” enough outflow from the model domain. This produges
an artificial recirculating cell in the northern corner of the model
main. The FRS condition works better in this area.

Comparison with Skagex data

During the spring of 1990 a large field experiment “SKAGEX”

aS

conducted in Skagerrak involving 17 vessels from 7 countries. |Th
resulting dataset is well suited for model validation, e.g. Svendse
et al. (1996), Berntsen and Svendsen (1999)
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Distance

averaged salinity (PSU)

The figure above shows the averaged salinity structure for] th
repeated sections “F” (upper) and “H” (lower), with observatigns
to the left and model results in colour. The observations figureg ar

taken from Berntsen and Svendsen (1999).
sections are shown in the domain figure.

The positions of th

In both sections the model produces salinity values close to th¢ ol

servations.

In section F the modelled near surface stratificatigpn |

weaker than observed. The salinity increases towards the Derma
side, but the 35.2 blob on the south flank is missing. In section Hj th
dropping of the isolines towards Norway is reproduced. The salfnity
maximum Is placed correctly, but the vertical structure is too stger
As a result of this, the near surface vertical stratification become
stronger than observed. Given the coarse resolution of 8 km i th
Skagerrak, the results are very promising.

Comments
e The FRS boundary condition is implemented for ROMS v. 2.0

e The FRS may work better than the clamped condition with cofrs

Information at outflow boundaries

e This setup of ROMS reproduces the main currents in the North Se
area

e The water masses in Skagerrak are gualitatively well represgnte
for the Skagex period.
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