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Tbe main water masses in tbe nortbern Barents Sea are surface waler, Arctic water, 

transformed Atlantic water, and cold bottom water. Using summer data from 1981 and 1982, lbe 

formation, distribution, modification and circulation of lbese water masses are discussed. 

Recent estimates sbow tbal about 2 Sv of Atlantic water enters lbe Barents Sea by tbe Nortb 

Cape Current, balanced by a simiJar outflow tbrougb tbe strail between Novaya Zemlya and 

Frans Josef Land. Passing tbrougb tbe Barents Sea, Atlantic-derived water is modified by 

interaction wilb olber water masses as weil as witb tbe atmospbere, and tbe end products are 

believed to be important contributors lo lbe bydrograpbic structure of the Arctic Ocean. 

IN1RODUCTION 

Tue main sources of  deep waters wbicb fill the deep 
basins of tbe global oceans are lcnown to be located in polar 
regions. Here, water masses are transformed by processes 
that increase tbeir density, usually by cooling and/or 
increasing salinity. Because deep water formation govems 
global oceanic circulation, it is important to determine the 
actual locations and processes involved, as well as to 
determine their sensitivity to environmental changes. 

Tue Barents Sea is a key region for modification of water 
masses in the Arctic. lt is one of several continental shelf 
seas marginal to the Arctic Ocean which influence its 
bydrographic structure. Water flowing over shallow regions 
is transformed wben beat loss and brine rejection during sea
ice formation increase density in winter, while warming and 
addition of sea-ice meltwater and river runoff decrease 
surface water density during summer [e.g. Nansen, 1906; 
Redfield and Friedman, 1969; Hanzlick and Aagaard, 1980; 
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Midttun, 1985; Quadfasel et al., 1988; Aagaard and
Cannack, 1989). 

Tue Barents Sea is different from other Arctic shelves 
because it has close connections to the Norwegian Sea as 
well as to the Arctic Ocean. Tue amount of Atlantic water 
passing through this sea from a branch of the Norwegian 
Atlantic Current may equal that supplied tbrougb Fram 
Strait in the West Spitsbergen Current [Fig. 1; Rudels,
1987). Atlantic water inflow into the Barents Sea between 
Norway and Bear Island appears tobe about 1.6 Sv, varying 
between 2.1 Sv in winter and 1.4 Sv in summer (see 
compilation by Loeng e t  al., 1993). Blindheim (1989) 
estimates the total inflow (coastal water plus Atlantic 
water) through this passage tobe about 3 Sv, witb about 1 
Sv outflow. Tue average mass transport leaving the Barents 
Sea througb the strait between Novaya 2.emlya and Frans 
Josef Land is of order 2 Sv (varying between 0.7 to 3.2 Sv; 
Loeng et al. , 1993). Meanwbile, estimates of Atlantic water 
entering tbe Arctic Ocean via the West Spitsbergen Current 
vary between about 2 and 3.7 Sv [Hanzlick, 1983; Rudels,
1987). 

Because of Atlantic water inflow and the very limited 
contribution of fresbwater from river runoff [Novitsky,
1961; Rudels, 1987), the Barents Sea is also more saline 
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Fig. 1 Circulation of surface walers (adapted from Tantsiura, 1959; Novirsky, 1961; Midllun and Loeng, 1987) 

showing main warm currents (Atlantic waler: solid arrows), cold currents (Arctic water: dashed arrows), Norwegian/ 

Murmansk Coastal Current (dotted arrows) and location of the oceanic polar fronl (also called the Arctic front: 

dashed line). 



than the other shelf seas. This means that winter cooling 
and additional salt contributed from sea-ice formation can 
easily result in fonnation of cold, saline water that is denser 
than the Atlantic layer. When such dense waters tlow off 
the shelf, they are thought to contribute a cold, saline 
signal to deep waters of the Arctic Ocean [Nansen, 1906; 
Gordienko and Laktionov, 1969; Aagaard et al., 1981; 
Swift et al., 1983; Midttun, 1985; Rudels , 1987; Quadfasel 
et al., 1988; Blindheim, 1989; Midttun, 1 989). Recent 
a 18o profiles indicating that deep and bottom waters of tbe 
Arctic do not show river-runoff influence, also point to tbe 
Barents Sea as a possible source region [Schlosser et al., 
1994]. 

This paper examines the major water masses in the 
northern Barents Sea, using temperature and salinity data 
collected during summer expeditions in 1981 and 1982, to 
trace their distribution and modification [see also Tantsiura, 
1959, 1973; Novitslcy, 1961; Pfirman, 1985; Midttun and 
Loeng, 1987; Loeng, 1991). 

BATHYMETRY AND HYDROGRAPHY 

Tue main hydrographic feature of the near-surface waiers 
of the Barents Sea is the oceanic polar front (also called tbe 
Arctic front), which divides relatively wami and saline water 
of Atlantic origin in the south from colder and fresher 
Arctic water in the north (Fig. 1). lt is not as distinct in tbe 
eastem Barents Sea where a mixed water mass extends over 
large areas [Midttun and Loeng, 1987]. Tbc polar front 
divides the Barents Sea roughly in half and is located in tbe 
southem portion of our study area. 

Because the Barents Sea is sballow with many banks and 
troughs (Fig. 2), bathymetric relief guides water mass 
transport and exchange. Atlantic water found south of tbe 
polar front is derived from the Norwegian Atlantic Current. 
which flows north along the Norwegian continental slope 
and then east up Bj0rn0yrenna (also known as the Bear 
Island Channel) as the North Cape Current (Fig. 1). 
Atlantic water transport in this current appears to be about 
1.6 Sv [see compilation in Loeng et al., 1993). 

The North Cape Current branches in the Barents Sea, 
flowing through depressions between banks. Tbc brancb to 
the south of Sentralbanken (also called Central Bank) 
continues toward Novaya Zemlya and the Kara Sea and is 
known as the Novaya Zemlya Current [Tantsiura, 1959; 
Novitsky, 1961). Here, modified Atlantic water which bas 
mixed with Arctic water has been called Atlantic water [e.g. 
Pfirman, 1985), or Barents Sea water [Loeng, 1991). In 
order to clarify the origin of this water mass, we call it 
Barents Atlantic-derived water (BA W) in this contribution. 
In the Arctic Ocean and the Norwegian-Greenland Sea tbe 

PFIRMAN ET AL. 79 

modified, Atlantic-derived water is often called Arctic 
intermediate water [e.g. Swift, 1986). 

Part of the Norwegian Atlantic Current also continues 
west and north of Bj0m0yrenna along tbe westem flank of 
Spitsbergenbanken, becoming the West Spitsbergen 
Current. North of Spitsbergen, an easterly branch of this 
current tlows along the northem slope of the Barents Sea. 
Nansen (1906) and Mosby ( 1 938) found that Atlantic water 
submerges beneath Arctic water in this region and becomes 
an intermediate water mass. Some branches of Atlantic 
water enter the Barents Sea between Nordaustlandet and 
Frans Josef Land from the north as a near-bottom water 
mass [Mosby, 1938). 

Arctic water, also called polar water or winter water, is a 
water mass with temperatures near the freezing point which 
dominates the upper part of the water column north of the 
polar front. lt originates from convection during sea-ice 
formation in fall and winter [Mosby, 1938). In sum.mer, a 
remnant of this layer is found in tbe Barents Sea. Arctic 
water forms locally or is advected into tbe Barents Sea from 
the northem Kara Sea and the Arctic Ocean [Novitsky, 
1961; Tantsiurfl, 1973). Tbere are three main currents 
transporting this cold water and sea ice within the Barents 
Sea (Fig. 1): the Persey Current flowing west across the 
Barents Sea towards Spitsbergenbanken; the ill-defined F.ast 
Spitsbergen Current. flowing out of the Arctic Ocean into 
the Barents Sea between Nordaustlandet and Frans Josef 
Land; and the high-velocity Hopen-Bj0m0ya Current 
flowing south along the eastem flank of Spitsbergenbanken 
[Tantsiura, 1959; Novitsky, 1961; Midttun and Loeng, 
1987]. 

From fall to early summer, sea-ice covers the region 
north of the polar front. A s  summer progresses, the ice 
melts and tbe marginal ice zone retreats towards the north. 
A thin layer of surface water is fonned that overlies Arctic 
water during mid- to late summer. This layer has a lower 
salinity and is wamied due to exposure to solar radiation 
[Mosby, 1938; Loeng, 1980; Loeng, 1991). 

Near the sea tloor, a cold, saline water mass is frequently 
observed. The distribution of tbis dense bottom water 
shows large seasonal and annual variations [Tantsiura, 
1973). lt forms both by cooling of Atlantic water and by 
addition of salt to the water column by brine rejection 
during sea-ice formation [Nansen, 1906; Midttun, 1 985). 
Where the salinity of the cold bottom water is greater than 
that of Atlantic water, this is a good indication that sea ice 
formation contributed to development of the water mass. 
Following Nansen ( 1906), we refer to water with colder 
temperatures near the sea floor as cold bottom water (CBW, 
also called bottom water by Loeng (1991) and cold deep 
water by Pfirman (1985)). 
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fig. 2 Overview of Barents Sea geography and bathymetry. Tue study area is boxed in over the northwestern 

portion of the map. 

During winter, sea ice formation causes vertical mixing 
to take place througbout tbe Barents Sea. Convection 
commonly extends down to 150 to 200m, reacbing the sea 
floor over some banks [Novitsky, 1961; Tantsiura, 1973; 
Midttun, 1989). Convection forms very saline and cold 
CBW near Novaya Zemlya Bank [Fig. 2: Knipowitsch, 
1905; Nansen, 1906; Tantsiura, 1959; Midttun, 1985). 
Similar cold brines form in Storfjorden [Novitsky, 1961; 
Midttun, 1985; Anderson et al., 1988; Quadfasel et al., 
1988]. Less saline dense water forms over Sentralbanken 

[Tantsiura, 1959; Midttun, 1961; Midttun and Loeng, 
1987; Midttun, 1989]. Convection over lhe banks also 
forms secondary circulation patterns, wbicb aid in 
modifying adjacent Atlantic-derived water [Tantsiura, 1959]. 
For example, winter cooling of Atlantic water results in 

dense, but fa irly warm bottom water near 

Spitsbergenbanken [Tantsiura, 1959; Sarynina, 1969; 
Midttun and Loeng, 1987). Once formed, CBW seeks 
depressions and channels, flowing out of the Barents Sea 
and contributing to the intermediate, deep and boltom water 
cbaracteristics of tbe Norwegian Sea and the Arctic Ocean 
[Nansen, 1906; Swift et at., 1983; Midttun, 1985; Midnun 
and Loeng, 1987; Quadfasel et al., 1988; Midttun, 1989; 
Blindheim, 1989; Schlosser et al., 1994]. 

DATA AND METHODS 

Tue data used in this study were obtained in lbe summers 
(July, August, September) of 1981 [Midttun, 1985; 
Pfirman, 1985; Elver/11/Ji et at., 1989] and 1982 (Fig. 3A). 
Tbe more complete data set collected in 1981 is used as a 

basis of discussion. Even wilb lbis fairly extensive data set 
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Fig. 3 A) Locations of bydrograpbic stations sampled in July, August, and September 1981 (squares) and 1982 

(diamonds). Roman numerals indicate areas used in water mass analysis depicted in Fig. 3B, C, D, E. Stippling 

indicates regions wbere water deplhs are less tban 200m. Potential temperature-salinity plots of: B) tbe 

temperature maximum representing Atlantic-derived water sampled in 1981, C) bottom water witb salinities > 

34.5°/oo sampled in 1981 (note cold, saline wat.er in areas I (Midttun, 1985) and VI), D) lhe temperalure maximum 

representing Atlantic-derived water sampled in 1982 (note: in area IV some Stations had two Atlantic-derived water 

maxima. A "+" symbol is used to designate tbe deeper maximum, and tbe area is called IV*), and E) bottom water 

with salinities > 34.5°/oo sampled in 1982. Tue box labelled "EBDW" indicat.es the water mass characteristics of 

Eurasian Basin deep water of the Arctic Ocean. 

it is difficull to describe the delails of the water mass 

distribution patlems due to low sampling density, lack of 

synopticity, and lack of additional tracer data. 

Hydrographie clata were oblained from two sources: tbe 
University of Bergen and the Institute for Marine Research 

in Bergen (Havforskningsinstitutt). Bolh data sets were 

collected using a Neil Brown CID calibrated by bottle clata. 

Tue r.m.s. error in salinity of tbe University of Bergen clata 

was ±0.008 in 1981 and ±0.004 in 1982. The precision of 

the temperature data was +/- 0.005°C and lhat of the 
pressure sensor was +/- 0.1 %. The original CID clata was 

reduced to two decibar averages and lhe salinities were 

calculated from the average values. Tue Institute for Marine 

Research clata was compiled from a variety of cruises and 

may have a slightly higher salinity error. These clata were 

reported at Standard depths (0, 5, 10, 20, 3 0, 40, 50, 75, 
100, 125, 150, 200, 250, 300, 350, 400m). 

Identification of Arctic water, Atlantic-derived water and 

cold bottom water is based on temperature, and to a Iesser 

degree, salinity extrema. This method, called the core 

method [Wuest, 1935] and used in the northem BarenlS Sea 
by Mosby (1938), aids in following a water mass while it 

is transformed. 

W A TER MASS DISTRIBUTION 

In late summer, north of the polar front, a typical station 

oblained in one of lhe deeper regions of the BarenlS Sea 

generally has: a relatively warm surface water layer; 
underlain by a temperature minimum corresponding with 

lhe Arctic water layer; underlain by a temperature and 

salinity maximum, which is related to the Barents Atlantic

derived water; and colder water near the bottom, here called 
cold bottom water (see Table 1, Fig. 4). 
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TADLE 1. Core Cbaracterlstlcs or Water Masses In 
In Late Summer 

Water Mass Depth [m] Potential Temperature [0C]

Surface water 0 - 20 -1 to 3

Arctic water a 30 - 80 -1.8 to -1.0

Atlantic-derived water b 75 - 250 O to - 2.0

cold bottom water -1.8 to 0.0 
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Fig. 4 A) Profile of a station nortb of tbe polar front 

(78°30'N and 33° 11 'E) in summer sbowing tbe surface water 

layer, lbe cold Arctic water, lbe warmer and more saline BareolS 

Atlantic-derived water and lbe underlying cold bottom water. B) 

Potential temperature-salinity profile of tbe same station 

sbowing lbe well-defined Arctic water and BarenlS Atlantic

derived water masses, and lbe cold bottom water. 

Surface Water 

In general, during summer the surface water temperature 
decreases toward the north (Fig. 5A). This is due to 

progressive retreat of the sea ice cover by melting, with a 
northward decrease in the duration of exposure to solar 

radiation [Mosby, 1938; Loeng, 1980; Loeng, 1991]. 
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Fig. 5 Surface water cbaracteristics: A) temperature, B) 

salinity. Data are from summ er 1981. Stippling indicates 

regions wilb water deplbs less lban 200m. 

Salinities also decrease toward the north, caused by 
admixtures of sea ice meltwater (Fig. 58). 

Along a hydrographic transect at 75.5°N (Fig. 6A) the 
surface layer is about 40m thiclc and there are lenses of low

salinity water centered over the banks (Fig. 6B). A nortbern 

hydrographic transect, from Kong Karls Land to the eastern 

side of Storbanken (also called the Great Bank or Persey 

Elevation) at 79°N (Fig. 7 A), shows a thinner surface layer, 
less than 30m thick. Here again there is a lower salinity 
lens over Storbanken (Fig. 7B). 

Arctic Water 

Tue Arctic water layer typically is found between 20 to 
150m [Midttun and Loeng, 1987], with a temperature 
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mini.mum between 50 and 75m [Fig. 4A; Novitsky, 1961]. 
North of the polar front. there is very little variation in 
temperature and the water mass is between -1.6 and -1.S°C 
(Fig. SA). Only over Storbanken is it below -l.8°C. 
Temperatures are bigber in the vicinity of the polar front 
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(Fig. 1) showing the innuence of nearby Atlantic-derived 
water. Salinity increases in this water mass from 34.0°/oo 
in the northwest to 34.7°/oo in the southeast (Fig. 8B, see 
also Fig. 68, 78). Corresponding to changes in the salinity 
distribulion, the density increases from 27 .6 in the north to 
over 27 .9 cro in the south (Fig. 6C). 

Atlantic-derived Water 

In order to dislinguish Atlantic-derived water entering the 
Barents Sea via the North Cape Current (Fig. 1; Fig. 3, 
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areas II and V) from that entering the Barents Sea from the 
north (Fig. 3, areas m and IV), we refer to the Atlanlic
derived water with origin in the southem 8arents Sea as 
southem 8arents Atlantic-derived Water (SBA W) and that to 

the north as northem 8arents Atlantic-derived Water 
(NBA W). These water masses are modified in the 8arents 
Sea by cooling and mixing with Arctic water. Core 
characteristics fall on different mixing lines (Fig. 38, D), 
with N8A W generally being less saline than S8A W in 
1981 and 1982. 

In Hopen Deep, south of the polar front, S8A W fills the 
entire water column (Fig. 3A: central part of area II; Fig. 
6A, B). The salinity maximum is at about 75m depth 
(Figs. 68, 90). In northem Hopen Deep, Atlantic water 
flows over sills, crosses the polar front and is transfonned 
into a submerged water mass. North and east of the polar 
front, S8A W is overlain by Arctic water. In this 
transformation region, the depth to the temperature 
maximum drops to > 200m (Figs. 7, 90), while its 
salinity decreases by about 1.5°/oo, and its temperature 
decreases to 0°C (see Figs. 3B, D, area II; 8A, B). As a 
submerged water mass, S8A W is also observed to the north 
and east, following depressions between shallower banks 
(Fig. 3: areas IV and V). 

NBA W occurs in the strait between Nordaustlandet and 
Kvit0ya (Fig. 3: area III), with a maximum temperature 
greater than 1°C (Fig. 9A). Similar temperatures are also 
observed in: Erik Eriksen Strait, the passage south of 
K vit0ya and just to the northeast of Storbanken. 

Bottom Water 

Tue water overlying the sea floor has a large range in 
temperature and salinity (Fig. 3C, E) which is strongly 
dependent on the water depth (compare Figs. 2 and 10). 
Usually, either cold bottom water or Barents Atlantic
derived water are found at the bottom in topographic 
depressions, while Arctic water occurs as the bottom water 
mass on Spitsbergenbanken and Storbanken (Fig. lOA, 8). 

Densest bottom waters (Fig. lOC) are found on Novaya 
Zemlya Bank (Fig. 3, area VI) and in Storfjorden (Fig. 3, 
area I;  selected stations were previously published by 
Midttun, 1985). 8oth areas are known as regions where 
very dense cold bottom water (CBW) with salinities > 
35°/oo is fonned [Figs. 3C, E, lOB; Knipowitsch, 1905; 
Nansen, 1906; Novitsky, 1961; Midttun, 1985; Anderson 
et al., 1988; Quadfasel, et al., 1988; Blindheim, 1989; 
Midttun, 1989; Loeng, 1991). CBW in both of these 
regions is defmitely more saline and colder than the deep 
water and bottom water of the Eurasian Basin of the Arctic 
Ocean (Fig. 3C). The densest water in Storfjorden is found 
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Stippling indicates regions witb water depths less tban 200m, open circles indicate stations wbere a saline 

temperature maximum was not observed. 

in the very nortb of the fjord wbicb is separated from the 

southem part by a sill that is between 50 and IOOm deep. 
Tue bottom water becomes continuously fresher and warmer 
towards the southem part of the fjord (Fig. 10). In 1982, 

our hydrograpbic stations were located north of the basin 

where dense water was observed in 1981 and do not show 

this feature (Fig. 3E). 

Bottom water throughout the rest of the Barents Sea is 
generally less saline althougb it does reach 34.94°/oo in 
area V in 1981. Density is Iess than or equal to 28.1 oo. 

CIRCULATION AND MIXING PAITERNS 

Using tbe water mass distribution and temperature
salinity relationships observed in tbis investigalion and 

analyses of hydrographic and current data by Tantsiura 

(1959, 1973), Novitsky (1961), Eide and Loeng (1983), 
Midttun (1985), Pfirman (1985), Midttun and Loeng 

(1987), and Loeng et al. (1993) we discuss circulation and 
mixing pauems in tbe northem Barents Sea (Figs. 1 and 
11). Due to variations in winds, water exchange with 

adjacent seas, and continental nmoff there are large seasonal 

and annual variations in current velocity, location and 

hydrographic characteristics [Tantsiura, 1959; Novitsky, 
1961; Midttun and Loeng, 1987; Ä.dlandsvik and Loeng, 
1991]. 

Surface Water 

Although the characteristics of summer surface water is 
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Fig. 10 Bottom water characteristics: A) potential temperature,

B) salinity, C) density. Data are from summer 1981. Stippling

indicates regions with water deptbs less than 200m.
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govemed by sea-ice melting and retreat, deviation from this 
pattem is seen along the eastern flank of Spitsbergenbanken 
where there is a region that is colder than that to either side 
(Fig. 5). This cold tongue corresponds to the southward
flowing Hopen-Bj0rn0ya Current (Figs. 1 and 11). Another 
anomaly is observed over Hopen Deep, where lhe surface 
water is warmer and more saline due to Atlantic water 
inflow. Similar Atlantic water influence is also observed in 
Storfjorden where a branch of the West Spitsbergen Current 
flows eastward up the trough. 

Tue low salinity Ienses observed over the banks (Figs. 
5B, 6B, 7B), may represent water trapped by anticyclonic 
vortexes [Midttun and Loeng, 1987; Midttun, 1989). 

Arctic Water 

A portion of the Arctic water in the Barents Sea fonns in 
the previous winter as a result of convection during 
development of the sea ice cover. Tue lower temperature and 
higher salinity Arctic water near Storbanken (Figs. 7 and 8) 
may represent winter water trapped by an anticyclonic 
vortex [Midttun and Loeng, 1987; Midttun,  1989). 
However, it could also indicate advection of Arctic water 
into the Barents Sea from lhe northem Kara Sea and the 
region near Frans Josef Land via the westward-flowing 
Persey Current previously described by Tantsiura (1959) and 
Novitsky (1961) (Figs. 1 and 11). Tue Persey Current 
continues across the Barents Sea to the west, where it 
merges with the well-defined, southward-flowing Hopen
Bj0m0ya Current [Tantsiura, 1959; Novitsky, 1961). 
Comprised of Arctic water, with low temperatures 
extending from 50 down to 200m water deplh [Novitsky, 
1961), the Hopen-Bj0m0ya Current, clearly observed in our 
data set, has a core at about 70m water deplh (26°E; Figs. 
7A, SA). lt has high velocities [up to 1 knot: Tantsiura, 

1959), and generally is located over the 100 to 200m 
isobaths along the eastem flank of Spitsbergenbanken 
[Tantsiura, 1959]. Some Arctic water from the Arctic Ocean 
also contributes to this flow via the East Spitsbergen 
Current [Tantsiura, 1959; Novitsky, 1961]. 

Atlanlic-derived Water 

Tue section along 75.5°N (Fig. 6) shows Atlantic water 
of lhe West Spitsbergen Current flowing norlh along the 
westem flank of Spitsbergenbanken. Maximum salinities 
here exceed 35.1°/oo (Fig. 3, area 1). A tongue of Atlantic 
water enters Storfjorden with a core depth of about 75m 
(Fig. 9). Note that this water does not appear lo continue 
eastward inlo the Barents Sea, probably because of the 
shallow depth of Spitsbergenbanken [Tantsiura, 1959: depth 

Fa��-1-._.'.:' i:1sr
b . . "\ ··r, 

IU1iL)T, vr< \...; · ''", ,1 1 



88 NORTHERN BARENTS SEA: WATER MASS DISTRIBUTION 

80° 

79° 

78° 

77° 

76° 

75° 

West 
Spttsbergen 
Current 

Arcttc Water 

• 

�
# 

so· 

79• 

78° 

77• 

76
°

75• 

Fig. 11 Scbematic of subsurface circulation of water masses observed in tbe sludy area of lbe nortbem Barenls Sea 

using summer dala from this study and information from various sources (Tantsiura, 1959, 1973; Novitsky, 1961; 

Midttun, 1985; Pfirman, 1985; Quadfasel et al., 1988; Loeng et al., 1993). Dasbed arrows sketcb flow of Arctic 

water (20-150m waler deptb); solid arrows skelcb flow of Barents Atlantic-derived water (75-250m water deplb), 

and cross-batcbed arrows sketcb flow of cold bottom waler along lbe sea floor. Recirculation in basins is not 

sbown. Stippling indicates regions wbere water deptbs are less tban 200m. 

between 60 and 80m, Kristoffersen et al., 1988], wbicb is 
close to tbe core depth in tbis region. 

Atlantic water does enter tbe Barents Sea soulh of 
Spitsbergenbanken via tbe North Cape Current (Fig. 1). 
Atlantic water inflow tbrougb tbis passage may be about 
1.6 Sv [see summary by Loeng, 1993]. A branch of tbe 
Nortb Cape Current extends nortb along tbe western flank 
of Sentralbanken [Figs. 1 and 11; Nansen, 1906; Novitsky, 
1961), forming a current of SBA W tbat is up to 60 miles 
wide [Tantsiura, 1959]. Current meters deployed in tbis 
region in tbe summer indicate surface to bottom flow to tbe 
nortb [Eide and Loeng, 1983). A portion of tbis flow turns 
back to the soutb along the eastern flank of 

Spitsbergenbanken [Tantsiura, 1959; Novitsky, 1961; 

Rudels, 1987). This return flow is apparently seen in the 
salinity data on a section lhrough this region (Fig. 68), as 
the westernmost of tbe two cores witb salinities exceeding 
34.94°/oo. Tue return flow is situated just to tbe east of the 
Hopen-Bj�m�ya Current, and, as reported by Tantsiura 
(1959), it is located between tbe 150 to 350m isobaths. 
Tbis modified Atlantic water exits tbe Barents Sea through 
Bj�rn�yrenna, and returns to tbe Norwegian Sea [Novitsky, 
1961). 

Tongues of SBA W (Fig. 11) also extend over the sill 

between S torbanken and Spitsbergenbanken [sill depth 
between 150 and 200m, Cherkis et al., 1991), as well as 



between Storbanken and Sentralbanken [called lhe Eastem 
Current by Novitsky (1961), sill deplh between 200 and 
250m, Cherkis et al., 1991). In lhese regions, just beyond 
lhe polar front, SB A W undergoes rapid modificalion and 

submerges below lhe surface. Temperature-salinity 
relationsbips lie on a steep slope (Fig. 3B, D, areas II and 
V), indicating a drop in temperature and a sligbt decrease in 
salinity. This relationsbip could be explained by mixing of 
SBA W wilh a near-freezing water mass lhat bas a salinity < 
34.8°/oo. In 1981, actual Arctic water salinities were 
generally < 34.7°/oo in lhis region (Fig. 8). Rudels (1987) 
suggests lhat cooling of Atlantic water in lhis region 
occurs: locally by penetrative convection during sea ice 
formation, isopycnally by advection of cold water wilh 

similar densities, and/or by double diffusion. Tbe jagged 
appearance of lhe temperature-salinity relationsbip observed 

in BA W (Fig. 4A) just to lhe norlh of this sill, indicates 
isopycnal interleaving in lhe vicinity of lbe polar front. 

Part of lhe SBA W conlinues.as a warm bottom current lO 
lhe norlb and west of Storbanken [Novitsky, 1961). In 
1982, SBAW was seen again at 79°N (Fig. 7A), wbere 
temperatures along tbe west flank of Storbanken are greater 
lhan 0.2°C. Tantsiura (1959) and Novitsky (1961) indicate 
that flow in tbis northward brancb is variable and not 
particularly substantial. Althougb neitber tbe 1981 nor lhe 
1982 data sets extend far enougb norlh to trace lhe path of 
SBA W past Storbanken, lhere are no bathymetrical 
hindrances to continued norlhward transport into lhe Arctic 
Ocean. Therefore, some SBA W may cootinue flowing norlh 
into the Arctic Ocean through Frans Josef-Victoria Renna 
[Fig. 11: Rudels, 1987). 

Note lhat tbere is no well-defined core of Atlantic water 
west of Novaya Zemlya in lhe region of lhe Novaya 
Zemlya Current (Fig. 1), as described by Nansen (1906), 
Tantsiura (1959), Novitsky (1961) and Loeng et al. (1993), 
among olhers. Deptb to a modest temperature maximum is 
about 200m in lhe eastern portion of lhe study area (Fig. 
90). Apparently, in 1981, lhis current was not as developed 
as it is in otber years. According to Tantsiura (1959), flow 
of SBA W in tbe Novaya 7-emlya Current, joined by SBA W 
transported between Storbanken and Sentralbanken 
[Novitsky, 1961). continues eastward towards tbe Kara Sea 
[Fig. 11: see also Rudels, 1987; Loeng et al., 1993). From 
here. tbe modified Atlantic water flows continues norlh, 
througb tbe St. Anna Renna into tbe Arctic Ocean [Rudels 

et al., tbis volume]. Altbougb Cherkis et al. (1991) sbow 
deptbs between 150 and 200m tbroughout tbe southern part 
of lhe passage between Frans Josef Land and Novaya 
Zemlya whicb would divert flow of water deeper than that 
to tbe nortb, Loeng et al. (1993) indicate a passage with 
water depths between 200 and 300m -- sufficiently deep lO 
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allow flow of Barents Atlantic-derived water. Loeng et al. 
(1993) found that outflow of water tbrough tbe passage 
between Frans Josef Land and Novaya Zemlya increases 
towards tbe bottom, and tbe average total outflow is aboul 
2 Sv, witb a maximum in early winter. 

Turning now to the norlhern reacbes of tbe Barents Sea, 
NBA W enters Hinlopen Strait (Figs. 2 and 11), but does 
not extend all the way into tbe Barents Sea because of the 
sballow water depths in tbe soulhem portion of tbe sLrait 
[less tban lOOm, Cherkis et al., 1991). NBA W does enter 
tbe Barents Sea furtber east tbrough various straits between 
Nordaustlandet and Frans Josef Land [Mosby, 1938). 
NBA W decreases markedly in salinity (by more tban 
0.3°/oo), as weil as temperature, as it penetrates soutbward 
into tbe nortbem basins (Figs. 3B, D, 9). Because CBW is 
absent, NBA W is the botlom water mass in tbe norlhem 
basins (Fig. lOA), and it mixes primarily witb tbe 
overlying cold and less saline Arctic water. 

Botb Mosby (1938) and Novitsky (1961) suggest a 
modest soutbward flow of NBA W tbrougb tbe strait 
between Nordaustlandet and Kvi�ya [sill deptb between 250 
and 300m, Cherkis et al., 1991). However, a year of current 
meter measurements in the NBA W core (255m), indicate an 

average velocity here to tbe northeast of 0.5 cm sec-1

[Aagaard et al., 1983). In 1981, the maximum temperature 
in tbe strait was > 1 °C and tbe salinity was > 34.8°/oo 
(Fig. 9A, B). Continuing southward, into Erik Eriksen 
Strait east of Svalbard (Fig. 3: area III), this brancb of 
NBA W appears to mix witb Arctic water tbat a salinity of 
about 34.4°/oo. Actual salinities at the temperature 
minimum of the Arctic water are generally < 34.3°/oo (Fig. 
8). Because tbe Arctic water bere is so fresb, tbe mixing 
relationship for western NBA W (Fig. 3: area lll) is less 
steep than that for NBA W entering the Barents Sea to the 
east (Fig 3: area IV) where tbe salinity of Arctic water is 
greater. Novitsky (1961) indicates that Ibis nortbwestem 
brancb of NBA W is separated in some way from tbe main 
mass of NBA W that enters tbe Barents Sea east of K vi�ya. 

According to previous analyses, some NBA W enters tbe 
Barents Sea between Kvit0ya and Victoria Island, with a 
temperature maximum at about 200m [Mosby, 1938; 
Pfirman, 1985; apparent sill depth between 200 and 250m, 
Cherkis et al., 1991), but the majority of the flow is along 
tbe eastem margin of Victoria Island througb Frans Josef
Victoria Renna [Fig. 11: Mosby, 1938; Novitsky, 1961). 
Tue sill depth of this passage appears to be between 300 
and 350m [Cherkis et al., 1991], making tbis strait the 
deepest, as weil as the widest conduit into lhe norlbem 
Barents Sea from the Arctic Ocean. NBA W occurs as a 
bottom water mass along the westem slope, influencing the 
sea floor from about 150 to 400m water depth [Mosby, 
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1938). South of Victoria Island, NBAW spreads to tbe 
soutbwest (Fig. 11), filling tbe deepest part of Frans Josef
Victoria Renna, and continuing into the depression soutb of 
Kong Karls Land [Novitsky, 1961: see Fig. 7; tbe 0.8°C 
core with a salinity of about 34.76°/oo at 33°EJ. Altbougb 
some water also passes to tbe east of Storbanken (see Fig. 
7; tbe 1.4°C core witb a salinity of about 34.87°/oo at 
42°E), according to Novitsky (1961) it does not flow far to 
the south because it encounters northward-flowing SBA W. 
NBA W mixes witb overlying Arctic water during transport, 
with core properties falling along a mixing line that extends 
to Arctic water with a salinity of about 34.5°/oo (Fig. 3B, 
D, area IV). Actual salinities at the temperature minimum 
of the Arctic water in this region were between 34.3 and 
34.4°/oo in 1981 (Fig. 8). 

In tbe 1982 data set, SBA W is detected on botb sides of 
Storbanken in tbis region (Fig. 3; area IV). SBA W is tbe 
bottom water mass, while NBA W, less saline and warmer 
(in 1981 as well as 1982 data, also noted by Rudels, 1987), 
is observed at shallower deptbs (Fig. 7 A: 200m at 33 °E and 
175m at 42°E). Along tbe westem flank of Storbanken, 
SBA W with 0.2°C and 34.86°/oo salinity is found. Another 
branch of SBAW, about 0.1°C colder but with tbe same 
salinity, is also observed at tbe very bottom on the eastem 
side of Storbanken. This water mass is apparently a 
nortbem extension of SBA W tbat passed along the east side 
of Storbanken, or it has circulated around Storbanken. 

Tue deptbs at which NBA W and SBA W occur depend on 
tbeir relative density. In 1981 and 1982, NBAW was 
warmer tban SBA W and its maximum salinity witbin tbe 
confines of the Barents Sea was lower than that of SBA W 
(NBAW 1981: 34.8°/oo between Nordausllandet and 
Kvit0ya; NBA W 1982: 34.9°/oo east of Storbanken; 
SBAW: 34.95 to 35°/oo in Hopen Deep). In 1931, Mosby 
(1938) found NBAW with temperatures greater than 2°C and 
salinities greater tban 34.9°/oo entering tbe Barents Sea 
between Kvit0ya and Frans Josef Land. There could be 
several reasons for differences between SBA W and NBA W. 
One reason could be that tbere are variations in the currents 
which feed NBA W into the Barents Sea, and that sometimes 
lhe inflow is not as great [e.g. Midttun anti Loeng, 1987]. 
Also, although botb SBA W and NBA W originate from tbe 
Norwegian Atlantic Current, it takes longer for Atlantic 
water to flow around Svalbard and enter the Barents Sea 
from tbe north. Starling from the Norwegian Atlantic 
Current (73°N 15°E), tbe distance to Storbanken (79°N 
40°E) is about 1650km for NBAW and about 1050km for 
SBA W. Assuming an average advection velocity of 1 cm/s, 
NBA W would take about 2 years longer lhan SBA W to 
reach Storbanken (NBA W = 5.2 years; SBA W = 3.3 years). 
Different travel times mean tbat NBA W originales from an 

older 'vintage' of Atlantic water than SBA W sampled during 
any one year. lt could be that in 1981 and 1982 lhis vintage 
was less saline than tbat which entered lhe Barents Sea 
more recenlly from lhe south. This compares wilh lhe 
occurrence of the "Great Salinity Anomaly" (when lhe 
salinity of the Atlantic water was about 0.1 °/oo Iess lhan 
average: Dickson et a/., 1988), which passed lhe Norlh 
Cape and West Spitsbergen currents in 1978-1979. More 
generally, Atlantic water temperature and salinity 
characteristics are known to vary by more than ±0.5°C and 
±0.06°/oo [Mosby, 1938; Blindheim and Loeng, 1981; 
Midttun, 1989). If these were tbe only two reasons for lhe 
variations, then one could expect tbat NBA W would 
sometimes be denser tban SBAW. 

However, according to Anderson et al. (1989), along lhe 
nortbem slope of the Barents Sea, just north of Kvit0ya. 
the NBA W temperature maximum lies between 200 and 
250m, while the salinity maximum lies between 300 and 
500m. These depths are close to the sill depths of the 
northem channels (250 to 300m between Nordaustlandet and 
Kvil0ya, 200 to 250m between Kvit0ya and Victoria Island, 
and 300 to 350m between Victoria Island and Frans Josef 
Land, Cherkis et al., 1991). Therefore, differences in lhe 
core extrema could also be due to skimming off of the Iess 
saline fraction during entry into lhe norlhem Barents Sea. In 
addition, NBA W sampled in our study has bad more 
opportunities to mix witb Arctic water due to its longer 
travel time as a submerged water mass, and the Arctic water 
with which it mixes is fresher than the Arctic water wilh 
which lhe SBA W mixes. As a result of these processes, 
NBA W may generally be less dense tban SBA W and be 
found above it wben the two water masses meet in lhe 
northem Barents Sea 

Moving further east, Tantsiura (1959) and Loeng et al. 
(1993) indicate inflow of modified AtJantic water as a 
submerged water mass from the Arctic Ocean into lhe Kara 
Sea through the St. Anna Renna and then on into lhe 
northeastem Barents Sea soulh of Frans Josef Land. Cherlcis 
et al. (1991), locate the deepesl part of tbe passage between 
Frans Josef Land and Novaya 1.emlya just south of Frans 
Josef Land, with a sill depth between 200 and 250m. Loeng 
et al. (1993) indicate another passage further soutb with sill 
depth between 200 and 300m. In warm years, this flow of 
Atlantic-derived water in from lhe Kara Sea may join lhe 
eastward-flowing SBA W of the Novaya Zemlya Current 
[Novitsky, 1961). Our Stations are located too far to tbe 
west to resolve this water mass in the present study. 

Cold Bottom Water 

Because data used in this study are summer values, and 



CBW forms primarily in fall and winter, the distribution of 
CBW sbown bere represents only a remnant of tbis water 
mass [Novitsky, 1961). CBW is modified by summer 

mixing and tbus is probably also less dense than it 

originally was. 
Even in mid-summer, very dense CBW is observed to 

accumulate over Novaya Zemlya Bank in 1981 (Fig. 6). 
Nansen (1906) noted tbat the same kind of dense, cold water 
is found almost everywbere on Novaya Zemlya Bank, 
comprising a layer more than lOOm thick. Because this 
water is so saline, it bas to have added salt from brine 
rejection during sea ice fonnation (Fig. 3, area VI). Tue 
process of dense water formation starts here in the fall, 
when the water column is cooled, and continues when salt 
is added from sea ice formation [Loeng, 1991). Novaya 
Zemlya CBW apparenUy flows east into the Kara Sea (Fig. 
11), and may continue on through the St. Anna Renna into 
the Arctic Ocean [Nansen, 1906; Midttun, 1985; 
Blindheim, 1989). Temperature and salinity properties of 
this water mass are more extreme tban that of Eurasian 
Basin deep and bottom water (Fig. 3C) and Novaya 2.emlya 
CBW is thought to contribute to formation of these Arctic 
water masses [Nansen, 1906; Midttun, 1985). Although 
bollom water in the trough west of the bank has slighUy 
elevated salinity and density in proximity to the sea floor, it 
is much less dense and saline than the water on Novaya 
2.emlya Bank (Fig. 6). In 1981, a sharp front separated the 
two water masses and they do not appear to have been 
connected (also observed by Nansen, 1906). In Midttun's 
(1985) report on dense water near Novaya Zemlya Bank, 
CBW appeared to spread toward the west along the sea floor 
into the adjacent trougb. 

Water mass characteristics of Novaya Zemlya CBW are 
similar to tbose observed in Storfjorden [Fig. 3C, area 1, 
Midttun, 1985). Dense CBW flows out of Storfjorden to 
tne west (r1g. 11) and then spreads along the west 
Spitsbergen margio to the north [Quadfasel et al., 1988). 
During surnmer, tbe volume of cold water pooled in 
Storfjorden decreases, and by late fall it has disappeared or is 
found in only rninor arnounts in the deepest part of the 
trough [Novitsky, 1961). As with Novaya Zemlya CBW, 
temperature and salinity properties of this water mass are 
more extreme than tbat of Eurasian Basin deep and bollom 
water (Fig. 3C, E), and water formed bere could contribute 
to development of tbese Arctic water masses [Midttun, 
1985; Quadfasel et al., 1988). 

Less extreme cold bottom water observed in Hopen Deep 
may contribute to waters of intermediate depth in the 
Norwegian Sea [Blindheim, 1989). Tbe bydrographic 
structure observed at 75.5°N suggests flow of such cold 
bottom water (Fig. 6: temperature < -0.5°C, salinity about 
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34.9 2 °/oo, and density > 28.0 oo) soutbward along tbe 

eastem flank of Spitsbergenbanken at about 225m water 
deptb (Fig. 11). This water most Iikely continues flowing 
soutbwestward and exits tbe Barents Sea tbrough 
Bj111m111yrenna. Blindheim (1989) estimated about 0.8 Sv of 
outflowing bottom water tbrough tbis passage. 

CBW occurring in rnost of tbe otber depressions in the 
Barents Sea generally is slightly warmer (Fig. 10: 
temperature between -0.2 and +0.2°C, salinities between 
34.90 to 34.94°/oo, and densities between 28.0 and 28.1 
o o ). The highest salinities are observed east of

Sentralbanken (in a region sometimes called the Central
Depression; Fig. 3, area V), an area also discussed by
Nansen (1906). In 1981, CBW sampled here was slighUy
less saline than in 1982 (Fig. 3C, E; cornpare salinity
range in area V).

Tbroughout tbe Barents Sea there are large annual--as 
weil as seasonal--variations in the regional accurnulation 
and discharge of CBW [Nansen, 1906; Midttun and Loeng, 
1987; Blindheim, 1989; Midttun, 1989). For exarnple, 
Midttun (1989) displays sections along 45°E collected in 
September of 1982 and 1983 which show a large amount of 
cold < -l.5°C bottom water south of 75°N in 1982 
compared with only a small arnount in 1983 (note: this 
feature is not observed in our 1982 data set, because our 
study area cuts off at 75°N). Also, the distribution of 
bottom density in September-October 1986 [Blindheim, 
1989) showed a much larger region witb densities > 28.1 
oo tban that observed in tbis study (compare our Fig. lOC 

with Blindheim's (1989) Fig. 2). Midttun and Loeng (1987) 
found that the rate of dense water formation and 
accumulation is related to variations in its outflow, as well 
as variations in the salinity of the inflowing water. 
According to these authors, following a period of high 
Atlantic water influx, it takes more than a year for winter 
cooling to accumulate CBW with a density great enough to 
initiale a new outflow, wbich may occur as a massive 
discbarge [Loeng, 1991). 

Outflow of CBW could talce place [Nansen, 1906; Swift 

et al., 1983; Midttun, 1985; Midrtun and Loeng, 1987; 
Quadfasel et al., 1988; Midttun, 1989; Blindheim, 1989; 
Loeng, 1991): to the west of Frans Josef Land wbere there 
is a deep conduit between tbis region and the Arctic Ocean 
(with depths between 250 and 300m, Cherkis et al., 1991), 
between Frans Josef Land and Novaya 2.emlya [the prirnary 
avenue according to Loeng, 1991; Loeng et al., 1993), 
and/or to the southwest through Bj�m0yrenna. 

CONCLUSIONS 

Under summer conditions, the water column in the 
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Barents Sea. north of the polar front. is stratified: a warnt, 
fresh surface layer is underlain by cold, relatively fresh 
Arctic water, wbich in turn is underlain by a warm, saline 
Atlantic-derived layer. Cold bottom water, whicb is colder 
and usually sligbtly more saline than the Barents Atlantic
derived layer, is found near the sea floor mostly in 
bathymetric depressions, but also over Novaya Zemlya 
Bank. 

Arctic water may develop in place during sea ice 
formation in fall and winter. lt may also be advected into 
the Barents Sea, primarily from the northem Kara Sea via 
the Persey Current and to a lesser degree from the Arctic 
Ocean via the East Spitsbergen Current. Arctic water is 
freshest in the northwestem portion of the Barents Sea. less 
than 34.3°/oo, and ranges up to 34.7°/oo in the southeastem 
portion of the study area. 

Atlantic water enters the Barents Sea both from lhe 
south, as southem Barents Atlantic-derived water (SBA W) 
and the north as northern Barents Atlantic-derived water 
(NBA W). SBA W cools abruptly when it penetrates north 
and east of the polar front. and becomes an intermediate or 
bottom water mass overlain by cold Arctic water. Salinity 
decreases only slightly in this process (from 34.95 to 
34.8°/oo). In contrast. while penetrating southward into 
troughs in the Barents Sea, NBA W is cooled and diluted 
significantly (up to 0.3°/oo) by mixing with the fresher, 
overlying Arctic water. North of about 79°N, during 1981 
and 1982, SBAW was denser than NBAW and occurred 
beneatb it. Some SBA W may continue flowing northward 
into tbe Arctic Ocean through lhe Frans-Victorica Renna 
west of Frans Josef Land [Rudels, 1987). Here it would be 
located in the eastern portion of the passage, to the east of 
the core of NBA W which flows southward in this region. 
Tue greater volwne of SBA W flows eastward into the Kara 
Sea south of Frans Josef Land [Rudels, 1987; Loeng et al., 
1993). Total outflow (modified Atlantic and other water) 
lhrough this passage is about 2 Sv [Loeng et al., 1993), 
apparently comparable to the inflow of Allantic water 
lhrougb Bj0m0yrenna (1.6 Sv). This flow continues north, 
lhrough the St. Anna Renna into the Arctic Ocean [Rudels 
et al., tbis volume). Therefore, while some modified 
Barents Atlantic-derived water is contributed directly to 
Arctic Ocean from the Barents Sea. most appears to be 
contributed indirectly through the Kara Sea. 

Remnants of cold, saline water formed by brine rejection 
during sea ice formation are observed near the sea floor. In 
1981, extremely dense water (> 28.3 ao) was observed both 
in Storfjorden and on Novaya Zemlya Bank (described 
earlier by Midttun, 1985). These waters are the densest 
observed in the Barents Sea. Less cold and saline dense 
bottom waters also occur in other regions. Following 

bathymetric depressions, this dense bottom water flows out 
of the Barents Sea and, depending on its density, influences 
the intermediate, deep and bottom water characteristics of 
the adjacent Norwegian Sea and the Arctic Ocean. Outflow 
occurs along the bottom and takes place: 

1) into the Norwegian Sea along the northem flank of
Bj�m�yrenna [Sarynina, 1969; Swift, 1986; Midttun and 
Loeng, 1987; Blindheim, 1989; Midttun, 1989], 

2) from Storfjorden to the westem Spitsbergen margin of 
the Norwegian Sea where it continues north into the Arctic 
Ocean [e.g. Quadfasel et al., 1988), 

3) directly into the Arctic Ocean west of Frans Josef Land
[Blindheim, 1989), and 

4) into the Kara Sea along the southem portion of lhe
passage between Frans Josef Land and Novaya Zemlya, 
wbere it probably exits to the Arctic Ocean through St 
Anna Renna. This is the main passageway for the 
extremely cold and dense Novaya 2.emlya cold bouom water 
[Nansen, 1906; Midttun, 1985; Midttun , 1989; Loeng, 
1991). 
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