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The Barents Sea is a shallow continental shelf sea. Generally. the physical conditions are determined by 
three main water masses: Coastal Water. (North) Atlantic Water, and Arctic Water. These three water 
masses are linked to three different current systems: the Norwegian Coastal Current, the Atlantic Current, 
and the Arctic Current. This paper gives a brief description of these current systems and their related water 
masses. Vertical stratification of the different water masses is emphasised since this is important for primary 
production. 

Climatic variability is determined by the properties and the activity of the inflowing Atlantic Water. 
Current activity variations may be explained by external forcing. but may also be a result of processes 
taking place in the Barents Sea itself. The climatic fluctuations have a significant effect on the ice conditions. 
which in turn influence the biological production in the northern Barents Sea. 
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Introduction 
In order to understand the biological production 
processes that take place in the ocean, it is impor- 
tant to have knowledge of the physical oceano- 
graphic conditions. Variations in temperature, 
ice, and current conditions are considered to be 
important. The first broad analysis of the 
hydrography, currents, and climatic variability of 
the Barents Sea was made by Helland-Hansen & 
Nansen (1909). They stated that “it is to be 
expected that variations in the physical conditions 
of the sea have a great influence upon the bio- 
logical conditions of various species of fishes living 
in the sea, and it might therefore also be expected 
that such variations are the primary cause of the 
great and hitherto unaccountable fluctuations in 
the fisheries”. Since this work, many examples 
showing the influence of physical conditions on 
the ecosystem have been published. 

Lee (1963) reviewed the documentation and 
data to date on the hydrography of the European 
Arctic, including the Barents Sea. Tantsiura 
(1959) and Novitskiy (1961) dealt with the cur- 
rents of the Barents Sea. Sarynina (1969) was 
concerned with bottom water formation in Bj0r- 
n~yrenna (the Bear Island Channel), while Midt- 
tun (1985) discussed the formation of dense 
bottom water mainly in the eastern Barents Sea. 
Climatic variability has been studied by numerous 
authors during the last 20 years, for example 

Midttun (1969), Bochkov (1976, 1982), Blind- 
heim & Loeng (1981), Dickson & Blindheim 
(1984), Loeng & Midttun (1984) and Ssetersdal & 
Loeng (1987). A brief review of the physical 
oceanographic conditions based on recent litera- 
ture was made by Loeng (1989). 

The present study briefly describes the general 
physical conditions in the Barents Sea and empha- 
sises features that are important for biological 
investigations during the Pro Mare program. 

Currents 
In the southern part of the Barents Sea, the 
currents are directed toward the east, while in 
the north the current direction is westward or 
southwestward (Fig. 1). 

The Barents Sea is a relatively shallow con- 
tinental shelf sea with an average depth of 230 m. 
The maximum depth of 500111 is found in the 
western part of the channel, Bj0m0yrenna. The 
shallowest areas are found on Spitsbergenbanken 
and in the southeastern part, around Kolgujev, 
where the depths are less than 50 m. The bottom 
topography strongly influences the current con- 
ditions, especially in some bank areas. Most typi- 
cal in this regard are the current conditions around 
Spitsbergenbanken and the large anti-cyclonic 
eddy created by Sentralbanken. Along the coast 
of northern Norway the topography also strongly 
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Fig. I. Main features of the surface current systems in the Barents Sea. -b = Atlantic currents. . . . .b  =Coastal currents. 
- - -b = Arctic currents. The hatched line indicates the mean position of the Polar Front (Loeng 1989). 

influences the currents, especially during winter 
when the stability is low (Sundby 1984). As shown 
in Fig. 1, the current turns around the bank of 
Troms~flaket  and then returns to  the coast before 
leaving it again t o  the east. 

The current directions indicated in Fig. 1 are 
also valid for the whole water column in most of 
the Barents Sea. Current measurements show 
only small changes in current direction with depth 
(Johansen et al. 1988; Loeng 1990). There are a 

few exceptions, however, such as in the areas 
west and south of Storbanken where Atlantic 
Water sinks below the lighter Arctic Water. Here 
the current direction in the deeper layer opposes 
the surface direction. 

The Norwegian Coastal Current flows along the 
western and northern coast of Norway. During 
winter the current is deep and narrow, while 
during summer it is wide and shallow (Saetre & 
Li0en 1971). When the current crosses the border 
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to the USSR, it changes names to the Murman 
Coastal Current. It is supplied with low salinity 
water when it passes the White Sea. 

The Norwegian Atlantic Current flows into the 
Barents Sea along Bjam0yrenna and is called 
the Nordkapp Current. It divides into two main 
branches. One branch continues eastwards par- 
allel to the coastal current system and also changes 
names to the Murman Current as it leaves the 
Norwegian area. During some years the influence 
of Atlantic Water in the Murman Current may 
be traced as far as the western shelf of Novaja 
Zemlja, while in other years, Atlantic Water 
hardly can be traced east of 40"E (Dickson et al. 
1970). 

The other main branch of the Atlantic Current 
turns north along the Hopen Trench and divides 
into smaller branches. Two of those continue as 
intermediate currents as they submerge below the 
lighter Arctic Water on their way north between 
Hopen and Storbanken, and eastwards between 
Storbanken and the Sentralbanken. 

The influx of Arctic Water to the Barents Sea 
takes place along two main routes: firstly, 
between Spitsbergen and Frans Josef Land, and, 
more importantly, through the opening between 
Frans Josef Land and Novaja Zemlja (Dickson 
et al. 1970). The main part of the first mentioned 
current flows as the East Spitsbergen Current 
southward along the coast of Spitsbergen. The 
current flowing southwestward south of Frans 
Josef Land, called the Persey Current, splits north 
of Sentralbanken. Tantsiura (1959) indicated that 
one branch turned south to Sentralbanken. 
Observations during the last years indicate, how- 
ever, that this portion is probably small (Loeng 
1989). The main part of the Persey Current goes 
southwestward along the eastern slope of the 

Table 1 ,  Water masses in the Barents Sea 

Spitsbergenbanken as the Bjarnaya Current and 
plays an important role regarding the physical 
conditions in this area. 

In discussing the cold water inflow to the Bar- 
ents Sea, it should also be mentioned that a small 
inflow from the Kara Sea takes place south of 
Novaja Zemlja. 

Little is known about the volume of water 
transported with the different currents. 
Blindheim (1989) calculated the inflow and out- 
flow between Norway and Bj0rn~ya  on the basis 
of current measurements and indicated a mean 
transport of about 3 Sv in, and about 1 Sv out, 
through this section (1 Sv (erdrup) = lo6 m3 s-'). 
This calculation requires another outflowing cur- 
rent, most likely located to the channel between 
Novaja Zemlja and Frans Josef Land. The trans- 
ports in the straits south of Novaja Zemlja and 
between Frans Josef Land and Spitsbergen are 
probably small. The variability in the fluxes may 
be considerable. Calculations made by a numeri- 
cal wind-driven model indicate fluctuations of the 
same magnitude as the mean transport (3 Sv) in 
Bj~rnayrenna (Adlandsvik & Loeng 1991 this 
volume). The variability in the North Atlantic 
Current from remote forcing is about as large 
(McClimans & Nilsen 1990). 

Water masses 
Each of the three main water masses, Coastal 
Water, Atlantic Water, and Arctic Water, is 
linked to one of the main current systems. In a 
more comprehensive description, locally formed 
water masses must be considered (Table 1) as 
well as the extent of the different water masses 
(Fig. 2). 

Names of the water masses Characteristics of the water masses 

Main water masses: 
Coastal Water 
(North) Atlantic Water 
Arctic Water 

Locally formed water masses: 
Melt Water 
Spitsbergenbanken Water 
Bottom Water 
Barents Sea Water 
Polar Front Water 

T,"C 

>2.0 
>3.0 
<o.o 

>o.o 

<-1.5 
1.0-3.0 

- 1.5-2.0 
-0.5-2.0 

S 

<34.7 
>35.0 

34.3-34.8 

<34.2 
<34.4 
>35.0 

34.7-35.0 
34 .635 .0  



8 H .  Loeng 

80° 

7 80 

76' - 
- 

74O- 

- 
72=  - 

- 
70' - 

Fig. 2. Main features of the water masses distribution in the Barents Sea. 1 = (North) Atlantic Water (NAW);  2 = Coastal Water 
(CW): 3 = Arctic Water ( A W ) :  1 = Barents Sca Water (BSW):  5 = Bottom Water ( B W ) :  h = Spitsbergenhanken Water (SBW); 
7 = Polar Front. 

According to  Helland-Hansen & Nansen 
(19O9), the Atlantic Water is defined by salinity 
higher than 35.0. Between Norway and Bjernaya 
the temperature varies from 3.5 to 6.5'C, de- 
pending both on seasonal and interannual vari- 
ations. Both the temperature and salinity 
decrease north and eastwards and, relatively 
often, water with salinity down to 34.95 is classi- 

fied as Atlantic Water. The temperature and sal- 
inity since 1970 is shown in Fig. 3 in two sections, 
one from F u g l ~ y a  (N 70"30', E 20'00') to  
B j ~ m ~ y a ,  and the other from Varde and north- 
ward (along E 31'13'). The values are calculated 
for the depth layer 5&200m, which contains 
Atlantic Water. Both the large variability in tem- 
perature and salinity as well as the decrease in 



Features of the physical oceanographic conditions of the Barents Sea 9 

351 

350- 

349- 

34)',970' ' ' * ' 75' ' ' ' ' 00' ' ' 8s' ' ' ' ' PO 

Y E A R  Y E A R  

Fig. 3. Mean temperature and salinity in the depth layer 50-200 m in the section Fugleya - Bjerneya (A) and Varde-N (B) in late 
August and early September. The mean values are calculated for that part of the sections which are occupied by Atlantic Water. 

values from west to east are seen. A clear dem- 
onstration of the variations in salinity over long 
periods is given by Dickson & Blindheim (1984). 

The Coastal Water has almost the same tem- 
perature as the Atlantic Water, but the salinity is 
<34.7. The Coastal Water is, unlike the other 
main water masses in the Barents Sea, vertically 
stratified the entire year, at least along the 
Norwegian coast. Farther east, in the shallow 
areas around Kolgujev, the stratification is almost 
broken down during winter. 

The Arctic Water also has low salinity, but it is 
most easily characterised by the temperature 
<O"C (Table 1). The core of the Arctic Water, 
however, has the temperature < - 1.5"C and sa- 
linity between 34.4 and 34.7. During winter, the 
Arctic Water occupies the upper 150m of the 
water column, while during summer, it is covered 
by melt water with a thickness of 5-20m. The 
melt water has a low salinity, varying from below 
31.0 and up to 34.2. It has a positive temperature 
due to heating from the atmosphere and it is 
separated from the Arctic Water by a sharp tran- 
sition layer. The melt water is usually found north 
of the Polar Front. In cold years, however, with 
very heavy ice formation, ice can drift south of 
the Polar Front. The ice starts to melt due to the 
heat from the Atlantic Water; it will then form a 
thin surface layer of melt water. 

In the case of locally formed water masses 
(Table l ) ,  the bottom water is formed at various 
places, and also by different processes. The for- 
mation of bottom water at the shallow shelf of 

Novaja Zemlja and also at Sentralbanken takes 
place in two steps. First the density is increased 
due to cooling of the water. This process becomes 
progressively slower as the temperature 
approaches freezing point. Secondly, beginning 
with the formation of ice, the density increases 
because of increased salinity resulting from brine 
rejection to the water (Midttun 1985). The tem- 
peratures of the bottom water formed on the shelf 
of Novaja Zemlja may reach -1.9"C and the 
salinity may be as high as 35.2. Bottom water with 
somewhat lower salinity is formed on Sen- 
tralbanken during winter. The amount of bottom 
water formed may vary from year to year (Midt- 
tun & Loeng 1987). According to Sarynina (1969), 
bottom water is also formed along the Polar Front 
at the southeastern slope of Spitsbergenbanken, 
but this water has other characteristics. A part of 
the bottom water formed on Sentralbanken also 
leaves the Barents Sea along Bj~rncbyrenna 
(Blindheim 1989). The bottom water in Bjgr- 
ncbyrenna is not indicated in Fig. 2. 

The Barents Sea Water found in the eastern 
Barents Sea is transformed Atlantic Water mixed 
with Arctic Water. The Atlantic Water in the 
eastern Barents Sea changes its characteristics 
due to the processes linked to ice formation and 
melting (Midttun 1985). The distribution may 
therefore vary with variations in the ice coverage. 
In the eastern basin, the Barents Sea water is 
found above the bottom water (Fig. 2). The Polar 
Front Water, which is a mixture of Atlantic and 
Arctic waters, has almost the same characteristics 
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as the Barents Sea Water (Table 1). but it is found 
in the western Barents Sea. 

On the central part of Spitsbergenbanken there 
is a water mass with rather low salinity and a 
temperature between 1-3°C during the summer. 
This is a mixture between Arctic Water and melt 
water which has been heated by the atmosphere 
during the summer. The water mass is found only 
in the large gyre on the central part of the bank. 
Between Spitsbergenbanken Water and the Arc- 
tic Water to the east, there is  a front, called the 
Summer Front. The distribution of water masses 
and fronts on the eastern slope of Spitsber- 
genbanken during the summer is illustrated in 
Fig. 4. The real picture is even more complex, 
with many small eddies in the frcntal areas (Fig. 
I ) .  In addition, large seasonal variation occurs 

where both the Spitsbergenbanken Water and the 
Summer Front disappear during the cold season. 

Vertical stratification 
The stratification of water masses in spring exerts 
a very strong influence on the development of 
spring blooms. Further on ,  the vertical mixing 
processes that take place during the winter are 
important in transporting nutrient rich water to 
the surface layer. Both the stratification and the 
mixing processes may develop differently in the 
various water masses. 

During the winter, vertical mixing due to  cool- 
ing of the water masses takes place over the entire 
Barents Sea. In the Atlantic Water, the water 

F i g  J Typical H.iicr mds\ distrihuiion JI ihc cdsicrn slope of Sptirhcrgcnhdnkcn during bummer and dutumn 
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Fig. 5. Illustration of the vertical distribution of temperature. salinity and sigma-1 from the surface to 200 m in Arctic and Atlantic 
water masses. The illustration is based on several years of observations. 

column may be homogeneous down to 2-300 m 
due to vertical convection. In areas that have 
been covered by ice in the summer, the cooling 
process alone is not enough to create deep con- 
vection since the salinity gradient is too large. 
However, freezing of the ice with the rejection of 
brine will break down the salinity gradient, or at 
least the transition layer between the melt water 
at the surface and the Arctic Water below. Obser- 
vations in areas up to more than 200 km behind 
the ice border in 1983 showed a constant tem- 
perature down to 150 m, while a salinity gradient 
maintained a weak vertical stability (Gjosaeter et 
al. 1983). 

The stability in the central and northern Bar- 
ents Sea is caused by two mechanisms: ice melt 
and warming of the surface layer. Melting of ice 
can again be separated into two categories. In 
cold years with heavy ice formation, ice can drift 
south of the Polar Front and begin to melt due to 
the heat from the Atlantic Water. This melting, 
which initially is more or less independent of 
atmospheric conditions, produces an upper layer 

with reduced salinity. This may give rise to an 
early stabilisation of the upper layer, and conse- 
quently an early phytoplankton bloom (Skjoldal 
et al. 1987). Melting of ice in the Atlantic Water 
occurred in the cold years 1979 and 1981, but not 
during the Pro Mare period. North of the Polar 
Front, the melting of ice begins when the air 
temperature rises above freezing. In the ice free 
areas, stability starts to form when heating from 
the atmosphere begins in May-June. The dif- 
ference between the development of stability in 
the Arctic and Atlantic Waters is illustrated in 
Fig. 5. 

When the ice starts to melt, usually in late 
April or early May, a thin layer of melt water is 
progressively formed. In the beginning the melt 
water layer is about 5 m thick, but the thickness 
increases to 15-20 m during the summer and early 
autumn. Depending on the amount of ice, the 
melt water may have a salinity varying from below 
31.0 up to 34.2, while the temperature increases 
during summer to 45°C. The melt water layer is 
always well-mixed without any stratification. It 
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is separated from the underlying Arctic Water 
(occasionally Atlantic Water) by a sharp tran- 
sition layer. The transition layer is usually thin; 
in the early spring it is less than 5 m, increasing 
to a maximum of 15 m in the autumn. This layer 
never breaks down, and the vertical transport of 
properties through the transition layer is insig- 
nificant. In the Arctic Water below the transition 
layer there is a weak stratification, sufficient for 
primary production because of a salinity gradient, 
as demonstrated in Fig. 6. This salinity gradient 
is broken down during the winter with very heavy 
ice formation. Also shown in Fig. 6 is the dif- 
ference between the vertical distribution of tem- 
perature and salinity in the Atlantic and Arctic 
waters in the autumn, and consequently a dif- 
ference in vertical Stratification. 

In the Atlantic Water, which has not been 
covered by ice, the stratification starts to develop 
when the sun begins to warm the surface layer. 
The stratification progresses very slowly, and in 
the early spring there is usually a smooth gradient 
from the surface and down to 10-20m (Fig. 5). 
During the summer the warming of the water 
column reaches down to 50-60m by means of 
turbulent mixing. Meanwhile a vertical homo- 
geneous surface layer with a thickness of about 
10 m is formed (Fig. 6). The stratification in the 
underlying Atlantic Water is weaker than in the 
Arctic Water. 

The Coastal Water retains a weak vertical sta- 
bility throughout the winter. In the spring and 
summer, the stratification increases because of 
the supply of fresh water and increased tem- 
perature. Since the Coastal Water is always strati- 
fied, the phytoplankton bloom starts as soon as 
the light intensity is sufficient. In the Barents 

Sea the phytoplankton bloom usually starts at 
approximately the same time in the Coastal Water 
and at the ice edge. In the Atlantic Water where 
the stratification starts later, the blooming also 
starts later (Rey & Loeng 1985). In years when 
the stability is formed early due to ice melting in 
the Atlantic Water, an early and intensive bloom 
occurs at the ice edge (Rey & Loeng 1985; Skjol- 
dal et al. 1987). 

Climatic variability 
In early studies of the climate of the Barents 
Sea, the climatic variability was linked to the ice 
conditions. Chavanne (1875) gave the first broad 
scientific review of the ice conditions, including 
observations back to 1553. Helland-Hansen & 
Nansen (1909) were among the first to include 
changes in the oceanographic conditions and to 
make comparative studies in hydrographic and 
ice conditions. Since 1960, several papers have 
dealt with the variability in the Barents Sea 
climate, and a few have also considered the causes 
for the variability. 

A general conclusion has been that climatic 
variations in the Barents Sea depend mainly on 
the activity and properties of the inflowing Atlan- 
tic Water. Already in 1909, Helland-Hansen & 
Nansen (1909) suggested that climatic variations 
in the Barents Sea probably are of advective 
nature. They observed a time lag of one year 
between Lofoten and the Kola-section. Climatic 
variations can therefore be recorded in sections 
crossing the inflowing Atlantic Water. Inves- 
tigations so far show similar variability in all sec- 
tions crossing the Atlantic inflow, perhaps with a 

1910 1920 1930 19Lo 1950 1960 1970 1980 1990 
1 . , ,  ( , , . . , , . .  , . . ,  , .  , . . , . I  . . . . , .  . . , . .  , .  . , .  , , .  ( . ,  , . .  I . . .  I .  , , . 3 
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Fig. 7. Three years running average of yearly temperature anomalies in the Kola-section (along 33" 30'E) during the period 1900- 
1990. based on data from Bochkov (1982) and from PINRO, Murmansk ( p e n .  commun.). 
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time lag of about half B year between the western 
and eastern parts of the Barents Sea (Loeng et 
al. 1983). 

The longest time series of temperature is the 
Soviet recording in the Kola-section, the obser- 
vation series began already in 1900, but two 
periods were missing, 1906-1919 and 1941-1944. 
Bochkov (1982) has filled in these two gaps by a 
combination of interpolation and other obser- 
vations. The period 1906-1919 was measured 
quarterly, while the rest of the time series has 
monthly values. Fig. 7 shows a three-year running 
mean for the entire period 1900-1990. The main 
part of the period 1900-1920 was cold. The tem- 
perature increased during the period 1917-1920, 
and the first half of the 1920's was warm, while the 
second part had temperatures lower than normal. 
Most of the period 193G1965 has temperatures 
above the mean value, with a maximum in 1938. 
The last 25 years have shown a larger variability. 

A more detailed picture of the temperature 
variations during the last 30 years is shown in 
Fig. 8. The 1960's were characterised by large 
fluctuations. The period 197C-76 was warm, while 
the second half of that decade was characterised 
by low temperatures. Throughout 1982 there was 
a strong temperature increase. and then there 
were a couple of warm years. The  Pro Mare 
period consequently started with a warm year, 
while the rest of that period had temperatures 

slightly below average. At  the very end of the 
period, there was a very strong temperature 
increase in the western and central parts of the 
Barents Sea, which started in March 1989. 

The ice coverage also shows large variations 
which seem to follow the temperature fluctuations 
(Fig. 8). Compared t o  1979, which was a heavy 
ice year (Fig. 8) ,  the Pro Mare period 1984-1989 
had rather little ice (Fig. 9). The variations of the 
sea ice cover may be classified according to three 
different types: 1) short-term variations, which 
take place within periods from a few hours t o  one 
month; 2) seasonal variability, which in its broad 
features is similar from year to year with maxi- 
mum and minimum coverage in March-May and 
September (Loeng 1979; Vinje & Kvambekk 1991 
this volume); and 3) large interannual variations. 
Cyclic variationsof 3 t o  5 years' duration have been 
proposed by several authors (Kissler 1934; Lunde 
1965). but the documentation is not convincing. 
The same cycle seems to occur in the temperature 
observation from the Kola-section. Recent analy- 
sis of the time series from the Kola-section back to 
1920 indicates a main period of 3.2 years. 

Concerning the causes of the considerable 
interannual variations in the sea ice conditions, 
knowledge is still sparse. During the winter and 
early spring, the position of the ice edge follows 
the Polar Front in the Barents Sea. It is then 
plausible that changes in oceanic circulation cause 

,@ , 61 , 61 , 63 , 6 b .  65, M . bl  , td , 69 ,70 , 71 , 72 , 13 , 7 b  , 75  , 76 , 17 , 78 , 19 , 80 ,  81 , 8 1 ,  8 3  , 8 b  , 85. 86 , 87 , 88 , 89,90 , 
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R g .  8.  Tcmpcraturc anomallcr in the Kola-section (along 33' W E )  during the period 106(!-1990 (solid line) together with the ice 
index during the perlod 1970k1990 (broken line) (Locng 1989). 
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Fig. 9. Maximum ice coverage in the Barcnts Sea during winter in thc Pro Marc period 19841989. The maximum coverage from 
1979 is included for comparison. 

changes in ice conditions, as first claimed by Hell- 
and-Hansen & Nansen (1909). During rapid tem- 
perature increases, as in 1982-83 and 1989, the 
decrease in ice coverage seems to be delayed 
hv nne vear (Fig. 8). The melting of ice during 

summer is independent of the oceanic conditions, 
as it depends only on meteorological conditions 
(Loeng & Vinje 1979). 

The variability of the Barents Sea climate may 
be explained by similar fluctuations in the proper- 
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Fig. 10. Temperature in the meridional section of 45"E in September 19H2 and 1983 (Midttun & Loeng 1Y87) 

ties of the inflowing water. This means that an 
almost constant transport is bringing in Atlantic 
Water with changing temperature and salinity. 
But the variations can just as well be a result of 
variations in  the volume flux with stable proper- 
ties. Most likely there is a combination: that is. a 
large volume flux corresponds to  higher tem- 
perature than a small flux. The variability in the 
currents may be explained by external forcing. 
but may also be a result of processes taking place 
in the Barents Sea itself (Midttun & Loeng 1987). 

One process of importance in the Barents Sea 
is the formation and outflow of Bottom Water 
from the eastern basin. During the winter. water 

of high density is formed as a result of cooling 
and ice formation, a process described in detail 
by Midttun (1985). The  Bottom Water formed 
over Sentralbanken and the shelf area of Novaja 
Zemlja flows into the eastern basin, which may 
occasionally fill entirely up with this water. The 
rate of production of dense bottom water may 
vary from year to  year, and more than one year 
may be required before the eastern basin is filled 
after a massive purging. Most of this dense bottom 
water mass leaves the Barents Sea through the 
strait between Novaja Zemlja and Frans Josef 
Land. The water masses which in this way leave 
the sea have to be replaced by inflowing water 
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from the west. The outflowing volume may vary 
considerably from year to year, and so will the 
corresponding inflow. As described by Midttun 
(1985) and Midttun & Loeng (1987), this kind of 
outflow from the eastern basin is thought, in a 
certain sense, to be driven by itself. 

The exchange of water masses in the eastern 
basin from 1982 to 1983 is shown in Fig. 10. The 
main part of the cold water observed in 1982 has 
been replaced with water of a higher temperature 
in 1983. The same phenomenon occurred between 
1989 and 1990 (unpubl. material). With only one 
observation each year, it is impossible to say 
exactly when and how long time this process 
takes. From the temperature observations in the 
Kola-section, however, it appears that the process 
takes place over a period of at least half a year. 
Observations from the different sections in the 
Barents Sea indicate that most of the large tem- 
perature increases due to increased inflow begin 
mainly in late autumn or early winter. The timing 
of major inflow events in relation to the seasonal 
vertical migration of Calanus ~ ~ ~ a r c h i c ~  in the 
Norwegian Sea would determine whether this 
water would be poor or rich in zooplankton. The 
variability in the Atlantic inflow is therefore 
important in explaining the large interannual vari- 
ation in the zooplankton biomass in the southern 
Barents Sea (Skjoldal & Rey 1989). 

Adlandsvik (1989) and Adlandsvik & Loeng 
(1991) have shown that the variability in the 
Atlantic inflow is closely related to wind 
conditions. The warm periods in the Barents Sea 
are related to a stable low pressure situation in 
the area, while low temperature is linked to high 
pressure (Adlandsvik & Loeng 1991). Related to 
the strong temperature increase in 1982-83, was 
the maximum transport of Atlantic Water into the 
Barents Sea due to wind conditions (Adlandsvik 
1989). It is then easy to believe that the pressure 
created by the wind-driven inflow will push the 
Bottom Water in the eastern basin out of the 
Barents Sea. Results from a laboratory model 
support this assumption (McClimans & Nilsen 
1990). The combination of an increased inflow 
caused by atmospheric circulation and the fol- 
lowing outflow of Bottom Water allows large and 
rapid temperature increases as observed in 1982- 
83 and 1989 (Fig. 7). 
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