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Abstract The regional ocean model system (ROMS) is
used to downscale a 26-year period of the twentieth
century 20C3M experiment from the global coupled
Bergen climate model (BCM) for the North Sea. Com-
pared to an observational-based climatology, BCM
have good results on the mean temperature, except for
too low winter temperature. This is connected to a too
weak inflow of Atlantic water. The downscaling gives
added value to the BCM results by providing regional
details, doubling the Atlantic inflow, and improving the
mean winter temperature. For mean salinity, BCM has
values very close to the climatology, whereas the down-
scaling becomes too fresh. The downscaling, however,
improves the sea surface salinity, the vertical structure,
and the Norwegian Coastal Current. It is concluded
that the downscaling procedure as presented here is
a suitable tool for assessing the future Atlantic inflow
and sea temperature in the North Sea based on a global
climate projection.
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1 Introduction

The North Sea is a shallow shelf sea, semi-enclosed
by UK in the west, the European continent in the
south, and Scandinavia in the east, see Fig. 1. In the
north, it is open toward the deeper Norwegian Sea.
There is a large literature on the physical oceanography
of the North Sea; general reviews are given by Otto
et al. (1990) and Rodhe (1998). There is a long history
of modelling the North Sea involving all surround-
ing nations, ranging in complexity from barotropic
tidal and storm surge models to 3D baroclinic models
with ecosystem components. Reviews of hydrodynamic
modelling in the North Sea are given by Jones (2002),
Lenhart and Pohlmann (2004), Delhez et al. (2004).

The ocean climate is important for the ecosystem
and the fisheries in the North Sea, see, e.g., O’Brien
et al. (2000) for climate and cod. Temperature may
be the most important climate variable. The primary
production is strongly influenced by the stratification,
involving both temperature and salinity. The circula-
tion and, in particular, the Atlantic inflow are also
important, partly by the effect on the hydrography but
also by bringing in nutrients and zooplankton (Sundby
2000; Reid et al. 2003). All of these variables may
change in the future climate, with possibly large effects
on the marine ecosystem.

In a shelf sea, fine scale topography and shelf
processes like tidal mixing are important. Global cou-
pled ocean–atmosphere models have coarse resolution
and do not yet typically include the relevant shelf
processes. The results may therefore not be directly
applicable for the study of ecological effects of cli-
mate change in shelf seas. One possible approach
is to enhance the results by using them to force a
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Fig. 1 The regional model domain with bathymetry. The thick
lines delimit a North Sea subdomain for statistical purposes.
Three selected stations are marked A, B, and C. The labels on
the axes are longitude (top/bottom) and latitude (right)

state-of-the-art shelf sea circulation model, both as at-
mospheric forcing and at the open ocean lateral bound-
aries. As a prerequisite to applying this downscaling
procedure for future climate, the performance must be
tested on the present climate where validation data are
available. This is done here by using the regional ocean
model system (ROMS) to downscale results from a
twentieth century climate simulation with the BCM.

2 Model systems

2.1 Bergen climate model

The BCM is a global coupled atmosphere–ocean model
system. The main components are the atmosphere
model Action de Recherche Petite Echelle Grande
Echelle (ARPEGE) model and the isopycnic ocean
model Miami isopycnic coordinate ocean model (MI-
COM) incorporating a dynamic and thermodynamic
sea-ice module. The main features of the BCM system
are documented by Furevik et al. (2003), although
the version used in this study has several notable
differences. The main difference is that the current
version does not rely on surface flux adjustments to
produce a reasonable climatology and climate variabil-
ity. One of the main reasons to use flux adjustments
in Furevik et al. (2003) was a cold bias mainly in
the tropical Pacific. This has been greatly reduced by
increasing the vertical resolution of MICOM to better
resolve the low latitude thermocline and to include the

ocean currents in the computation of surface turbulent
fluxes. The conservation of heat and freshwater in the
model system has been improved by changes in how
these properties are exchanged between the model
components, and improved mass conservation and use
of both temperature and salinity as prognostic variables
has reduced the internal model drift in MICOM. The
vertical resolution of MICOM has been increased from
24 to 35 layers, and the horizontal resolution increased
from 2.4 to 1.5◦ along the equator compared to the
system documented in Furevik et al. (2003).

The BCM results used in this study are part of the
BCM realization of the twentieth century in coupled
climate models (20C3M) experiment contributed to the
Fourth Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC). The simulation is
forced with observed aerosol loadings and greenhouse
gas concentrations.

2.2 Regional ocean model system

The shelf model chosen for the shelf downscaling is the
ROMS. This is a community model with H. Arango
and A. Shchepetkin as main developers. The model is
3D baroclinic with free-surface based on the primitive
equations. The numerical methods are explained in a
series of papers (Shchepetkin and McWilliams 1998,
2003, 2005; Ezer et al. 2002). The ROMS model uses
relative high order numerical schemes including a ver-
tical parabolic spline representation.

Vertically, the model uses a terrain-following coor-
dinate called s-coordinate (Song and Haidvogel 1994).
In the horizontal, general orthogonal curvilinear coor-
dinates are used. The model uses finite differences with
a time splitting between the fast 2D external mode and
the slower internal 3D mode.

The ROMS code offers a large degree of flexibility,
a wide choice of vertical mixing schemes, including the
nonlocal K-profile parameterization (Large et al. 1994),
and the generic length scale second order turbulence
closures (Umlauf and Burchard 2003). In this study, two
extensions of ROMS have been used. This consist of
the flow relaxation scheme (FRS) as open boundary
scheme (Ådlandsvik and Budgell 2003) and the im-
plementation of an air–sea flux module based on the
MICOM formulation by Bentsen and Drange (2000).

2.3 ROMS configuration

The North Sea model domain is shown in Fig. 1. It uses
a stretched coordinate system with resolution varying
from 6 km in Kattegat in southeast to 10 km northwest
of Ireland. In the vertical, 32 terrain-following s-levels
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are used. Vertical mixing is treated by the generic
length scale formulation of the Mellor–Yamada level
2.5 model. There is no explicit horizontal mixing. The
external (barotropic) boundaries are treated with a
combination of the Chapman and Flather schemes as
documented in Marchesiello et al. (2001), whereas the
internal (baroclinic) mode uses the FRS. This model
setup has been validated with slightly better resolution
using National Centers for Environmental Prediction
(NCEP) atmospheric forcing and climatological ocean
open boundary forcing (Ådlandsvik 2005). The time
steps used are 6 min for the internal mode and 6 s for
the external mode.

The atmospheric forcing consists of daily averages
from the BCM 20C3M run; the fields used are wind
stress, sea surface temperature (SST), air pressure, total
cloud cover, downward shortwave radiation, net long-
wave radiation, latent heat flux, sensible heat flux, and
precipitation. Evaporation was not used in the results
presented here. Instead, a surface salinity correction
toward the BCM surface salinity with an e-folding time
of 60 days has been applied. The river runoff is based
on climatology, modulated by the BCM precipitation
variability over the area.

The lateral boundary forcing consists of monthly
averaged fields from the BCM 20C3M run and eight
tidal constituents from Flather (1976). The resolu-
tion of the BCM ocean component is approximately
80 km in this area. The Baltic is treated as a river with
salinity 18.0.

The downscaling simulation started May 1970 and
continued out to 1997. The model was initialized by
the monthly mean BCM result. The 20 months until 1
January 1972 is considered a spin-up period, leaving the
26 years 1972–1997 for the analyses presented here.

3 Results

3.1 Circulation and inflow

To verify that the downscaling is working technically,
the current fields at 25-m depth from January 1979
are shown in Fig. 2. The BCM results reproduce the
main features of the current field with the Atlantic
Current into the Norwegian Sea, a cyclonic circulation
within the North Sea with outflow along the Norwegian
coast. The circulation pattern is necessarily smooth
given the resolution of the BCM model. The down-
scaled fields show considerable more details. The
Atlantic Current is stronger and narrower. The topo-
graphic steering is clearer, showing for instance,
Atlantic inflow on the western side of the Norwegian

a BCM

b ROMS
Fig. 2 Current fields at 25-m depth averaged over January 1979.
a Interpolated from BCM, b downscaled by ROMS. The color-
bars show temperature at the same depth and time

Trench, inflow to the Skagerrak and a Dooley cur-
rent following the 100-m isobath eastward. Even if the
model is not eddy resolving, clear signs of eddy activity
can be seen. The downscaled results have a larger
month-to-month variability than the BCM results. In
this particular month, the inflow through the English
channel is not present. The temperature color code on
the current vectors shows matching temperatures at the
boundary, but the downscaling has higher temperature
in the interior of the model domain.

The time series of inflow over the northern boundary
of the limited domain is shown in Fig. 3. Downscaling



456 Ocean Dynamics (2007) 57:453–466

2 4 6 8 10 12
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0

Fl
ux

 [
Sv

]
BCM
ROMS

1970 1975 1980 1985 1990 1995
Year

0.4
0.6
0.8
1.0
1.2
1.4
1.6

Fl
ux

 [
Sv

]

Fig. 3 Inflow to the statistical North Sea domain over the north-
ern boundary. Upper panel seasonal cycle, lower panel inflow
series smoothed by 1-year moving average

effectively doubles the inflow from the BCM series.
The means are 0.67 Sv for BCM and 1.42 Sv for the
downscaled series. No observational-based climatology
exists for the inflow, but observations as summarized
by Otto et al. (1990) indicate a range from 1.2 to
2.1 Sv for total inflow to the North Sea from north.
Other model studies (Smith et al. 1996) show inflow
of the same order, whereas a finer resolution study
with hybrid coordinate ocean model (HYCOM) for a
shorter period (Winther and Johannesen 2006) gives
values in the higher part of the observational range.
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Fig. 4 Volume-averaged temperature series for the reduced
North Sea domain from the BCM run, the ROMS downscaling,
and the climatology by Engedahl et al. (1998). Upper panel the
seasonal cycles. Lower panel the time series filtered by a 1-year
moving average. The thick dotted lines come from BCM, the thick
solid lines come from ROMS, whereas the thin solid lines come
from the climatology
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Fig. 5 Time series of average SST for the reduced North Sea
domain. Upper panel the seasonal cycles. Lower panel the time
series filtered by a 1-year moving average

The downscaling shows a clear seasonal cycle, with
minimum inflow in spring and summer and maximum
in autumn and winter. The variability is also higher in
the downscaled series with a standard deviation of 0.32
Sv for the monthly averaged values, compared to 0.14
Sv for the BCM results.

3.2 Integrated temperature

The most aggregated measure of the North Sea climate
is the volume-averaged temperature. The subdomain
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Fig. 6 Volume-averaged salinity for the reduced North Sea
domain from the BCM run, the ROMS downscaling and the
climatology by Engedahl et al. (1998). Upper panel the seasonal
cycles. Lower panel the time series filtered by a 1-year moving
average
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Fig. 7 Time series of average sea surface salinity for the reduced
North Sea domain. Upper panel the seasonal cycles. Lower panel
the time series filtered by a 1-year moving average

for averaging is delimited by the thick black lines in
Fig. 1. The seasonal signal and de-seasoned time se-
ries are presented in Fig. 4. The series is compared to
the hydrographic climatology of Engedahl et al. (1998).
The climatology is monthly with a 20-km resolution,
based on the global climatology of Levitus (1982), the
North Sea climatology of Damm (1989), and hydro-
graphic observations from the Institute of Marine
Research. Note that most of the data used in the cli-
matology are from the 1970s, giving a temporal bias.

To exclude the spin-up time, the seasonal cycles are
computed for the 26-year period 1972–1997. The yearly
mean for this period from BCM is 7.2◦C, the down-
scaling gives 8.7◦C whereas the climatological mean
is 8.0◦C. Both series show a warming during this pe-
riod, with a linear trend of 0.053◦C/year for BCM and
0.050◦C/year for the ROMS downscaling. Compared
to the climatology, the BCM results are consistently
colder and too cold in winter and early spring. The
downscaled results on the other side are too warm in
the autumn and early winter. The de-seasoned time
series shows the interannual development. On this
timescale, the downscaled temperature is highly corre-
lated with the BCM series with a positive offset.

Figure 5 shows the averaged SST for the statistical
subdomain. In this study, the total average for the
period are 8.7◦C from BCM, 10.5◦C with ROMS, and
9.8◦C in the climatology. The linear warming trend is
0.061◦C/year for BCM and 0.056◦C/year for ROMS.
The seasonal story is basically the same as for the
volume integral, BCM is too cold in the winter, and
ROMS too warm in the autumn. The main difference
from the volume-averaged series is that the downscaled
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Fig. 8 SST averaged over the summers (July–October) 1972–
1997. Upper panel is interpolated from BCM, the middle panel
is the downscaled output from ROMS, whereas the lower panel
is interpolated from the climatology by Engedahl et al. (1998).
The thick labels on the axes are grid coordinates



458 Ocean Dynamics (2007) 57:453–466

0 50 100 150
a  BCM

0

50

100

150

4

6

8

10

12

14

16

18

0 50 100 150
b  ROMS

0

50

100

150

4

6

8

10

12

14

16

18

0 50 100 150
c  Climatology

0

50

100

150

4

6

8

10

12

14

16

18

Fig. 9 Temperature at 25-m depth averaged over the summers
(July–October) 1972–1997
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Fig. 10 Bottom temperature down to 500-m depth averaged over
the summers (July–October) 1972–1997
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SST is colder than the climatology during spring and
early summer.

3.3 Integrated salinity

Turning to salinity, Fig. 6 shows the volume-averaged
time series for the statistical North Sea domain. The
total averages for the period 1972–1997 are 34.51 from
BCM, 34.19 with ROMS, compared to the climatologi-
cal salinity of 34.56. The volume-averaged BCM salinity
matches the climatology closely, both in mean level and
in the seasonal cycle. In particular, the match in the
1970s is excellent. The downscaling with ROMS shows
a rapid decrease in integrated salinity in the first 5 years
until it levels off at an unrealistic fresh level. After this
period, there is a weak correlation between the BCM
and ROMS series, in particular both have a salinity
maximum in 1980 with subsequent freshening.

The sea surface salinity behaves quite differently
from the volume averaged. The seasonal cycle and
interannual variability are shown in Fig. 7. In this study,
the means for the period are 33.94 for BCM, 32.76 for
ROMS, and 33.11 in the climatology. The BCM re-
sults are consistently too salty. The ROMS downscaling
matches the climatology in the first half of the year and
is too fresh in the autumn half. All cycles show a winter
maximum and a summer minimum. The interannual
ROMS results show a similar freshening drift as the
volume-averaged series during the first 5 years.

3.4 Spatial patterns

For an examination of the spatial patterns, the cli-
matological mean hydrographic fields for the 26 year
period 1972–1997 are extracted and compared to the
climatology by Engedahl et al. (1998). Figure 8 shows
the SST patterns. The overall result is that BCM is
colder and ROMS warmer than the climatology. BCM
has a large area of cold water near the middle part
of the upper boundary, north and west of the Faeroe
islands. As this is close to the boundary, it is inherited
in the downscaled results. In the northern North Sea,
the BCM SST is similar to the climatology, whereas the
downscaled SST is close to the climatology in south.
From a technical point of view, the FRS zone is visible
as an artificial front close to the boundary in the ROMS
results.

The SST is, to a high degree, determined from the
BCM atmosphere results. Going deeper, the results
are more representative for the dynamics of the ocean
models. The summer temperature climatology at 25 m
is presented in Fig. 9. Compared to the surface tem-
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(December–March) 1972–1997
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Fig. 12 Bottom temperature down to 500-m depth averaged over
the winters (December–March) 1972–1997
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Fig. 13 Surface salinity averaged over the period 1972–1997
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perature, the most striking difference is found in the
downscaled results. At 25 m, the temperature field
shows considerable more regional details. A clear front
has developed on the shelf break. Furthermore, in the
southern part of the North Sea, fronts have developed,
here similar to the climatology. The BCM results are
quite close to the surface values.

The bottom summer temperature maps down to
500-m depth are shown in Fig. 10. Note that the color
scale has changed. All fields show a front across the
North Sea following more or less the 50 m isobath.
The BCM bottom temperature is very close to the
climatology south of the front, but is too cold on the
north side. The downscaled results show the opposite
tendency, close to the climatology on the north side and
too warm on the south side.

During winter, as the 25 m and the SSTs are very
similar, only the former is shown in Fig. 11. In this
study, the BCM climatology is generally too cold, ex-
cept for the southeastern part of the North Sea and the
Norwegian coast where it agrees with the climatology.
The BCM results are generally warmer than the clima-
tology, with best agreement in northern parts of the
North Sea.

In the bottom s-level at winter, in Fig. 12, the pat-
terns are similar between BCM and the downscaling,
but also here, BCM is generally too cold. The down-
scaled ROMS results are too warm, in particular in the
southern North Sea.

For salinity, only the whole-year means are shown.
The surface salinity is shown in Fig. 13. The surface
salinity from BCM is generally too salty as also shown
in Fig. 7. There is freshwater in Skagerrak with a front
toward the central North Sea. The Norwegian Coastal
Current is visible, but not very pronounced. The down-
scaling is too fresh in the central North Sea. The Coastal
Current has been strengthened with more freshwater
along the coast of Norway until it reaches the FRS zone
at the boundary. It is still not fresh enough compared to
the climatology.

Figure 14 shows the bottom salinity down to 500 m.
In this study, the BCM values agree very well with the
climatology. The downscaling is too fresh in the central
North Sea.

3.5 Vertical stations

The mean seasonal cycles of hydrography for station
“A” in the central northern North Sea are shown
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Fig. 14 Bottom salinity down to 500 m averaged over the period
1972–1997
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Fig. 15 Climatological
seasonal cycles at the “A”
station in the central northern
North Sea. The model series
are averaged over the period
1972–1997. Upper panels
temperature, lower salinity.
From left to right BCM
results, ROMS downscaling,
and climatology from
Engedahl et al. (1998)
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in Fig. 15. The seasonal thermocline from BCM at
30–40 m agrees with the climatology, but the sur-
face layer is not warm enough. During winter, the
temperature is homogeneous and too cold. The sea-

sonal thermocline in the downscaled results is a little
shallower. The ROMS temperature generally agrees
with climatology, does a very good job in the summer
surface layer, but is colder in the deep in the autumn.

Fig. 16 Seasonal cycle of
temperature and salinity at
the “B” station in Skagerrak
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Fig. 17 Seasonal cycle of
temperature and salinity at
the “C” station in the
southern North Sea
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The BCM result shows no seasonal freshening in the
surface layer with this choice of iso-levels. Toward the
bottom, there is a salt increase in summer, agreeing
with the climatology. The downscaling shows too much
freshwater with a permanent halocline. The seasonal
surface freshening is present, but extends too far in
time in the autumn. Near bottom, it does the wrong
thing, freshening in the middle of the year when the
climatology and BCM get saltier.

Figure 16 shows the seasonal cycles of hydrogra-
phy at station “B” in the Skagerrak. In temperature,
it shows the general pattern; BCM is colder and the
ROMS downscaling warmer than the climatology. Both
model runs capture the seasonal thermocline, but it is
too deep and not warm enough in the BCM results
and extends too far into the autumn in the ROMS
results. At this station, BCM has too much freshwa-
ter, producing a too deep halocline. The downscaling
nearly succeeds in reproducing the permanent shallow
halocline in the climatology; the depth is right, but the
winter surface salinity is not low enough. In the deep,
BCM is almost without the salty Atlantic water. The
downscaling improves the situation, but still, there is
too little Atlantic water with salinities above 35.

The last station, “C”, in the southern North Sea is
presented in Fig. 17. Both model temperature profiles
look too homogeneous, BCM toward the surface and
ROMS toward the bottom. The temperature in BCM is

quite good, whereas ROMS is too warm near bottom in
summer and autumn. The salinity in BCM is too high
with too deep summer halocline. The bottom salinity
in ROMS is too low, but the surface salinity with the
seasonal halocline is well represented.

4 Summary and discussion

Results from a global coupled atmosphere–ocean
model have been downscaled for the North Sea by
a regional shelf sea model. The downscaling works
technically, even with a 10:1 reduction in grid size.
The regional model produces reasonable fields with
enhanced detail like the Atlantic shelf edge current and
the Norwegian Coastal Current, while following the
BCM values at the boundaries. There are two reasons
why this downscaling procedure is well suited for the
North Sea. First, the North Sea is semi-enclosed with
essentially one open boundary. In particular, details
like the Norwegian Coastal Current is created within
the domain and does not have to be specified at an
inflow boundary. Secondly, in the actual domain, the
boundary has been moved far enough into the North
Atlantic/Norwegian Sea so that the cross shelf ex-
change is controlled by the regional model.

Regarding the integrated properties for the North
Sea, the clearest added value from the downscaling is
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the improvement of the Atlantic inflow. As mentioned
in Section 1, the inflow is an important variable for the
ecosystem. The BCM model has clearly too low inflow,
probably due to the low resolution (80 km) in the area.
The regional model is able to produce a realistic inflow
to the North Sea compared to observations and other
model results reported in the literature. In addition to
enhancing the inflow, the regional model also gives a
more realistic seasonal cycle with increasing inflow in
the autumn toward the winter maximum.

In general, the BCM results are colder than the
climatology and the ROMS downscaling warmer. In
the first half of the simulation time, the downscaling
agrees better with the climatological temperature. The
warming trend in both models makes the BCM results
closer to climatology toward the end of the period.
The representability of the climatology for the end of
the period can however be discussed. The North Sea
has also been warming during the period, as shown by
coastal stations (Sætre et al. 2003; Wiltshire and Manly
2004). The temporal bias in the climatology toward the
1970s may therefore give a cold bias in the climatology
for the last half of the simulation period. Basing the
judgment on the representative first half period, it is
concluded that the downscaling adds value by better
agreement with climatology.

The interannual temperature development is very
similar in the models with an offset. The MICOM
ocean model in BCM and ROMS sees the same BCM
atmosphere, using similar flux parameterizations. The
offset may be partly explained by the different vertical
behavior of the models; MICOM has a bulk mixed
layer, whereas ROMS tries to resolve the mixed layer.
Seasonally, the offset is more variable. The largest
difference is in the winter. In this study, the change
in circulation plays a role; the stronger Atlantic inflow
in the ROMS model contributes to a warming in the
winter season when the inflow is strongest, and the
Atlantic Water is warmer than the water in the North
Sea. In summer, the temperature is to a larger degree
determined by the air–sea heat exchange giving more
similar results.

The clearest spatial pattern is the cold water over
the deep ocean near the upper boundary of the model
domain. The pattern is inherited in the downscaling due
to the proximity to the boundary. In the North Sea, the
maps confirm the integrated time series; BCM is cold
and ROMS warm. A common feature both in winter
and summer is too high bottom temperatures in the
downscaled results in the southern North Sea.

The seasonal thermocline is reproduced in the BCM
results. The temperature profiles have a tendency to be

too homogeneous and the stratification too deep with
too cold surface layer. This is expected behavior of a
isopycnal coordinate system in a shallow shelf sea. The
downscaling adds value by improving the temperature
stratification.

The time series of integrated salt content and the
bottom salinity map in BCM agrees very well with the
climatology. The Atlantic inflow is the main source of
salt in the North Sea. The result is therefore surprising
in view of low Atlantic inflow in BCM. This must be
compensated by too low Baltic inflow, low river input,
or high evaporation minus precipitation. The regional
model has an initial decrease in salinity before devel-
oping into a too fresh salinity climate. This model with
an increased Atlantic inflow and independent river and
Baltic freshwater sources have a totally different salt
balance without feedback from the coupled model. A
relaxation toward BCM sea surface salinity was there-
fore introduced, and this did limit the salt drift. More
tuning of the freshwater sources might improve the salt
balance in the ROMS simulation.

The sea surface salinity behaves differently. BCM is
too salty in the surface layer. The downscaling is closer
to the climatology, but on the fresh side. The improved
surface salinity is partly due to the improved coastal
current along the Norwegian coast and the better fit to
the low salinity in the south east North Sea. The vertical
profiles of salinity examined show too little vertical
structure in the BCM results. The downscaled salinity
profiles show clearly improved stratification, but with
too much freshwater.

The vertical temperature structure in BCM agrees
much better with climatology than the poor salt struc-
ture. In MICOM, the detrainment of water from the
mixed layer into the interior layers in periods of mixed
layer retreat requires a vertical buoyancy transfer. This
buoyancy transfer is needed for the detrained water to
match the density of the receiving isopycnic layer. In
the MICOM detrainment algorithm (Bleck et al. 1992),
the buoyancy transfer is constructed based on the
surface buoyancy forcing and more emphasis is given to
the heat contribution over the freshwater contribution.
We believe this explains much of the deficiency in the
vertical structure of the near surface salinity gradient
in BCM. It should also be mentioned that the most
problematic point “A” is situated in an area with a
horizontal salinity gradient, and the balance of inflow-
ing saline water and seasonal freshening by coastal
water may be shifted between the models.

The Skagerrak station (“B”) is noteworthy because
the downscaled results have higher salinity than the
BCM results. This is contrary to the general pattern.
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The explanation is probably that the coarse scale BCM
model underestimates the exchange between the North
Sea and the Skagerrak, in particular the Atlantic in-
fluence. The situation is improved with the regional
model, but still there is not enough salty water.

For further work, higher resolution is recommended.
An eddy-resolving shelf model would be preferable.
On the other hand, it is advantageous to extend the
regional domain quite far from the targeted study area.
This can be accomplished by a two-step downscaling,
first to a larger domain with intermediate resolution
and thereafter nesting to a smaller high-resolution do-
main. As wind forcing is important for the North Sea
circulation, the resolution of the atmospheric forcing
may also be an issue, in particular in coastal areas. For
this purpose, future studies may be forced by dynami-
cally downscaled atmospheric fields.

Summing up, the downscaled BCM results from the
20C3M simulation reproduce the main inflow, tem-
perature, and stratification features in the observed
North Sea marine climate. The downscaling procedure
is therefore promising for assessing these variables in
future North Sea marine climate. This will be done by
downscaling BCM scenarios for the IPCC AR4, using
the results presented here as a control run.
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