Formation of dense bottom water in the Barents Sea
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The question of dense water formation
and the processes of deep water production
in the northern seas has recently been raised
again by some authors, for example Aa-
gaard (1981) and Swift, Takahashi and
Livingston (1983). Already in 1906 Nansen,
taking notice of early observations of Rus-
sian scientists (Knipowitsch 1905) together
with the results from Amundsen’s expedi-
tion with “Gjga” and his own observations
on the “Fram” expedition, presented his

theories on the formation of bottom waters
of the northern seas (Nansen 1906). Nansen
particularly emphasized the formation of
dense water in the eastern Barents Sea,
notably on the Novaya Zemlya Shelf, where
the salinity is increased by rejection of brine
during the freezing process. A similar pro-
cess is also the basis for bottom water
formation in the Antarctic (Mosby 1934 and
1967).

Nansen further believed that dense water
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Hlustration of dense water formation.
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formed in the ecastern Barents Sea can
supply the bottom water of the Arctic
Ocean through the deep channel between
Novaya Zemlya and Franz Josef Land, but
due to lack of reliable salinity observations a
definite conclusion could not be reached.

In the present study (described in details
in Midttun, 1985) observations from the
Barents Sea are examined. This analysis
confirms the observations and conclusions
drawn by Nansen (1906).

Figure 1 illustrates how the formation of
dense water is expected to take place.

Observations from a short section running
north-south along 54°E between 74°30'N
and 76°00'N are shown in Figure 2. On the
bank area in the northern part of the sec-
tion, bottom water with a freezing tempera-
ture and a salinity of 35.09 is found. The
upper 50 meter layer has been diluted by ice
melting and somewhat warmed up during
the summer season. Melting of 158 cm sea
ice of salinity 5%o would be enough to change
a homogeneous water column with salinity
35.09 to the present structure. In the deep
depression at 75°N the salinity was 35.24
and near freezing temperature. This water
has obviously been formed on a shallow
bank area and drained down into the hollow
where it was observed.

Dense water may spread farther westward
into the deeper depressions of the eastern
Barents Sea. This was quite apparent in the
cold year of 1979, but the sinking effect
varies from year to year.

In 1971 and 1973 “G. O. Sars” worked
the section along 60°E meridean between
Novaya Zemlya and Franz Josef Land. Cold
and saline water was found on the southern
side of the channel with temperature around
—1°C and salinity around 35.00 (Fig. 3). The
relatively high salinity is a result of admix-
ture from dense water formed during the
freezing process. The water is apparently
moving eastward through the channel com-
municating with the Arctic Ocean.

Dense water formed in the same way has
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Fig. 3. Sections along 60°E between Novaya Zemlya and Franz Josef Land. Left: “G. O. Sars” 28 August 1971.

Right: “G. 0. Sars” 29 September — 3 October 1973,
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also been observed on the Svalbard Bank
area. Thus in 1981 “G. O. Sars” measured
at position 77°15'N 19°34’E near bottom t =
—1.90°C, S = 35.25 and 0, = 28.40. Such
dense water will sink along the bottom and
gradually mix with warmer and less saline
water.
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