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Jennifer Brauch, Rüdiger Gerdes, Michael Karcher, Frank Kauker and Cornelia Köberle
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Abstract

Numerical experiments with realistic atmospheric forcing exhibit long term variations in ocean and
sea ice in agreement with observations. Analysis of hindcast experiments can provide statistical rela-
tionships between sea ice, ocean and atmosphere time series. To identify the liable mechanisms in the
hindcast experiments we employ response experiments with a coarse resolution model of the subpolar
North Atlantic.

We concentrate here on the effect of long term changes in the wind forcing on the large scale oceanic
circulation in the periods before and after 1980. Furthermore, the response to a sudden drop and fol-
lowing recovery of the NAO type forcing will be discussed.
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1 Introduction

The variability of many oceanic and sea ice quanti-
ties is linked to the North Atlantic Oscillation (NAO)
(HURREL, 1995). One example is the ice export
through Fram Strait as shown by VINJE ET AL.
(1998). When the NAO index shifts from high to
low in the winter 95/96, the ice export through
Fram Strait is reduced by half (Fig. 1).
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Figure 1: NAO Index (Dec-Mar) after HURREL
(1995), 1950 - 1999, defined as the nor-
malized sea-level pressure difference be-
tween Lisbon, Portugal (Lh) and Stykk-
isholmur, Iceland (Sh). The solid line
shows a five-year running mean of the
NAO and the triangles represent the
Fram Strait ice export after VINJE ET AL.
(1998)

The sudden drop and the following recovery of
the NAO index is an outstanding climate event in
the last 20 years in the northern North Atlantic.
Here we use a coupled ocean-sea ice GCM to simu-
late the response to a wind forcing that reflects this
development.

2 Model description and
experimental design

The ocean model is based on the MOM-2 code
(PACANOWSKI, 1995). The model domain encloses
the Arctic Ocean and the North Atlantic Ocean
down to approximately 20◦S and has a horizontal
resolution of 1◦ × 1◦. A dynamic-thermodynamic

sea ice model with a viscous-plastic rheology
(HARDER ET AL., 1998) based on HIBLER (1979)
model is coupled to the ocean model following the
procedure of HIBLER AND BRYAN (1987).
Two different data sets for the windstress field
are used. One field is derived as a composite for
the “NAO+” period (1979-1993) from the ECMWF
reanalysis data set (GIBSON ET AL., 1997). The
other is a composite of the years 1958 - 1972 of the
NCEP/NCAR reanalysis (KALNAY ET AL., 1996).
This period is mainly governed by a “NAO-” sea-
level pressure field (cf. Fig.1).
The other atmospheric forcing data are based on
the ECMWF reanalysis data set. A typical year of
the period 1979 - 1993 is generated as monthly data
sets for 2 metre temperature, dew point tempera-
ture, precipitation and cloudiness (RÖSKE, 1999).
The surface heat and fresh water fluxes are calcu-
lated by the model accorcing to the predicted SST
and sea ice distribution.
Surface salinity is weakly restored to observed
data from the EWG-atlas (EWG - ENVIRONMEN-
TAL WORKING GROUP, 1997) to account for the
Bering Strait inflow and continental run-off.
We will discuss three experiments that are illus-
trated in Fig. 2. A control experiment is calcu-
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Figure 2: Experimental design

lated for 20 years with “NAO+” wind stress for-
cing. This forcing reflects the high NAO index
state of the atmosphere that existed since the early
1970s. In the ”Switch” experiment the wind stress
is switched to “NAO-” forcing after 10 years of
spin-up that are identical to the control experi-
ment. The ”Switch” experiment looks at the con-
sequences of a sudden but sustained shift in the
atmospheric circulation. The further experiment,
”Peak”, starts from year 11 of ”Switch” when the
wind stress is reverted to “NAO+” forcing. This
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experiment investigates the consequences of a sud-
den and short lived shift in the atmospheric circu-
lation, like the observed shift of winter 95/96 and
the following recovery of the NAO index.

3 Results

For the analysis, means of the winter half year
(NDJFMA) are generated. Winter means of the
control experiment were substracted from the win-
ter means of “Switch” and “Peak”. In the following
paragraph, these anomalies are shown and evalu-
ated for different parameters.

3.1 Sea surface salinity

In the first winter after switching the wind stress
forcing from “NAO+” to “NAO-” a negative sur-
face salinity anomaly of approximately -1 psu fills
the eastern Eurasian Basin (Fig.3). In the vicin-
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Figure 3: SSS winter 10/11 of the “Switch” exper-
iment, white areas indicate values out of
range

ity of the East Greenland Current (EGC) a posi-
tive salt anomaly appears. Five years later in the
”Switch” experiment, the anomaly is enhanced in
amplitude and in extent (Fig. 4). The negative salt
anomaly now covers much of the Eurasian Basin,
the Kara and Laptev Seas, the eastern part of the
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Figure 4: SSS for the winter 15/16 of the “Switch”
experiment

East Siberian Sea, and the Chukchi Sea. The pos-
itive salt anomaly covers the whole region of the
EGC. In the “Peak” experiment, the anomaly de-
velops differently. One year after shifting back
to “NAO+”-wind stress forcing (Fig. 5), the neg-
ative salt anomaly in the Eurasian Basin is already

-0.8 -0.4 0.0 0.4 0.8[psu]

Figure 5: SSS for the winter 11/12 of the “Peak” ex-
periment
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reduced compared to the previous winter (com-
pare Fig. 3). The positive anomaly in the EGC
is strengthened in this winter, however, one year
later (Fig. 6), almost all the anomalies have van-
ished.
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Figure 6: SSS for the winter 12/13 of the “Peak” ex-
periment

The SSS anomaly patterns of both experiments are
related to the response of the sea ice distribution.
In the control experiment, a strong, northerly wind
over the Eurasian Basin forces the sea ice margin
away from the coast. So every winter new sea ice
grows in this open ocean area. This sea ice forma-
tion is a continuous source of salt for the ocean.
In the “NAO-” case, the northerly winds over the
Eurasian Basin are weaker than in the “NAO+”
case. The production of sea ice is suppressed as the
ice moves towards the Siberian coast. Therefore, in
the “Switch” experiment a negative salt anomaly
turns up compared to the repeated sea ice forma-
tion and its salt release in the control experiment
(cf. Fig. 4). Sea ice transport from the Arctic Ocean
towards the Nordic Seas is reduced with “NAO-”
wind forcing (HILMER ET AL. (1998)). Reduced sea
ice inflow and reduced melting of sea ice lead to
the positive surface salinity anomaly in the EGC.
Both anomalies are short lived in the ”Peak” ex-
periment as the fresh water fluxes typical for high
NAO index resume after year 11 of the integration.
The somewhat more persistent salinity anomalies

in the EGC during this experiment reflect the life
time of sea ice anomalies once they have left their
production areas.

3.2 Sea surface temperature

In the winter which follows the shift from “NAO+”
to “NAO-” the “Switch” experiment shows in the
sea surface temperature (SST) some minor anoma-
lies at the edge of the EGC which are mostly due to
shifts of the current position (Fig. 7).
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Figure 7: SST for the winter 10/11 of the “Switch”
experiment

A positive anomaly turns up south of Spits-
bergen and extends into the Barents Sea. This
anomaly is continuously present in the rest of the
experiment and seems locked to the sea ice margin.
On the other hand, in the “Peak” experiment, the
anomaly changes sign in the winter 11/12 (Fig. 8).

KAUKER ET AL. (1999) forced the same coupled
ocean - sea ice model with the atmospheric surface
data from the NCEP/NCAR reanalysis (KALNAY
ET AL., 1996). The correlation between the NAO
index and the last 20 years of SST (1979-1995) was
calculated. In Fig. 9 the pattern of the SST as-
sociated with 1 SD (standard deviation) NAO is
shown.

A pattern of positive SST anomaly (high tem-
perature for high NAO index) is present south of
Spitsbergen and in the Barents Sea. This pattern
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Figure 8: SST for the winter 11/12 of the “Peak” ex-
periment

is similar to the ”Switch” experiment result and
we thus conclude that it is mostly wind driven.
A second, negative SST anomaly is present on the
south-east coast of Greenland and in the Labrador
Sea in Fig. 9. This pattern occured neither in the
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Figure 9: Teleconnection map between SST and
NAO

“Switch” nor in the “Peak” experiment, suggesting
that this anomaly is mainly the result of heat flux
and fresh water flux variations associated with the
NAO, which are not included in the two experi-
ments.

4 Summary

The presented experiments show a clear response
to a sudden drop of the NAO forcing and the
following recovery. There is a direct connection
between the wind stress forcing and the sea ice
cover and a subsequent reaction of the SSS and SST
fields. A continuing negative NAO index wind
forcing leads to prolonged anomalies in SSS and
sea ice concentration. A short episode with nega-
tive NAO index wind forcing generates anomalies
in surface salinity that prevail only one year.

The SST distribution reveals also some impor-
tant coherences. In the described experiments an
anomaly south of Spitsbergen which extends into
the Barents Sea turns up. It is also found in a cor-
relation analysis between SST and NAO in another
experiment, which was conducted with more com-
prehensive forcing KAUKER ET AL. (1999). There,
an additional anomaly is present, which is situated
at the south coast of Greenland and in the Labrador
Sea. This anomaly is not visible in our experiments
and seems to be generated by heat flux and salt
flux anomalies. The anomaly south of Spitsbergen
and in the Barents Sea is generated by NAO related
wind stress forcing, however, a possible contribu-
tion from anomalous heat and salt fluxes can not
be ruled out at this stage.

It is now important to have a closer look at the
influence of the forcing in deeper layers and at the
general circulation itsself.
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