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Abstract 

The Greenland, the Norwegian, the Barents and the Kara Seas and the adjacent part of the Arctic Ocean are under the warm influence of 
the North Atlantic. However, the power of this “heater” fluctuates following the changes in atmospheric and oceanic circulation. In the paper 
the trajectory of propagation of the Atlantic Water (AW) from the tropics and the graph of correlations between the AW temperatures along the 
trajectory are presented. The data of oceanographic observations in the Barents Sea and the Arctic Ocean, the SST data from reanalysis and the 
ice cover data from an accessible site were used in this study. A close relationship between the AW temperature fluctuations and the spreading 
of ice cover in the Barents Sea is shown. The prognostic potential of the established dependencies is indicated. 
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Impact of Low Latitudes in the North Atlantic  
on Atlantic Water Inflow into the Nordic Seas 

 and the Arctic Ocean

Introduction

The sub-Atlantic Arctic, including the Greenland, Norwegian, 
Barents and Kara Seas and the adjacent part of the Arctic basin, is 
under the warm influence of the North Atlantic [1-9].

The warm salty water inflows through the Faroe-Shetland 
Strait into the Norwegian, Greenland Seas and the Barents Sea 
and then the Arctic Basin. Above this water, transports of warm 
and humid air spread eastward and northeastward into the Arctic 
seas and the Arctic Basin. Water with positive temperature on the 
surface of the Barents Sea in the cold part of the year is a pow-
erful “heater” of the Barents Sea region. However, the power of 
this “heater” fluctuates following the changes in atmospheric cir-
culation and water masses in the North Atlantic, providing heat 
transfer from low to high latitudes.

Strengthening or weakening of the warm water inflow, reflect-
ed by observations at the transect along the Kola meridian [10], 
determines its distribution across the sea area and affects the po-
sition of the maximum southern boundary of ice in the Barents 
Sea. The correlation between changes in average monthly sea ice 
extent in the Barents Sea and water temperature at the section  

 
along the Kola meridian reaches 0.86 after the ice extent reaches 
the winter climatic maximum [11].

The ice starts to form in the northern part of the sea under the 
considerable influence of atmospheric circulation, which leads to 
significant interannual variations in ice extent during this period. 
At the same time warm water flowing into the southern part of 
the sea limits ice spreading southward. The prolonged inflow of 
warmer and saltier Atlantic waters into the Barents Sea in the 
2000s led to a shift of the boundaries of the cod and haddock 
ranges in a northeasterly direction [12,13]. The ranges of thermo-
philic species will expand further into the northern and eastern 
regions if the warming tendency in the waters of the Barents Sea 
continues.

The inflow of warm and salty water from the North Atlantic is 
an important process for the climate of the entire marine Arctic. 
The inflow of Atlantic water into the Arctic basin is part of the 
global oceanic conveyor belt that links the oceans by transporting 
heat, salt and fresh water. Coming from the North Atlantic, AWs 
spread across the waters of the Norwegian, Greenland and Bar-
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ents Seas and enter into the Arctic basin, where they occupy the 
intermediate layer at depths of 100 to 800 meters [14-18]. Atlan-
tic water is an important source of heat in the sub-Atlantic sector 
of the Arctic and a source of salt for Arctic waters undergoing con-
stant desalination.

Materials and Methods 

Data from the NCEP reanalysis (1948-2020) [19], ERA5 re-
analysis (1979-2020) [20], observation database of the Arctic me-
teorological stations (1951-2020), Arctic Sea ice extent database 
of AARI (http://www.aari.ru/datasets) and NSIDS (USA), sea sur-
face temperature of HadISST reanalysis for the period 1979-2020 
(https://www.metoffice.gov.uk/hadobs/hadisst/) were used. The 
changes of sea water inflowing from Atlantic into the Barents Sea 
were characterized by temperature of water in the layer 50-200 
m on transect along the Kola meridian according to data of Po-
lar Branch of the “VNIRO” data at http://www.pinro.ru/labs/hid/

kolsec22.php. The temperatures at the Kola section in the Barents 
Sea, in the Fram Strait and along the way of AW propagation in the 
Arctic Basin were used as indicator of the AW propagation to the 
Arctic. Oceanographic observations in the Arctic Ocean from the 
1950s to 2018 were also used. The trajectory of AW propagation 
from the tropic North Atlantic and graph of correlations between 
the changes in water temperature at the points along the way with 
taking into account the lags were constructed.

Results and Discussion

The correlation analysis between the ice extent in the Barents 
Sea and the water temperature at the transect along the Kola me-
ridian was fulfilled. The closest connection was found for the peri-
od from January till June, when the effect of water warming from 
the atmosphere is minimal. Running averaging of the series with 3 
years window allows to detect the climatic components, for which 
the correlation coefficients were presented in table 1.

Table 1: Correlation coefficients between the mean monthly water temperature in the layer 50-200m at the Kola transect (TKM) and the sea ice 
extent (SIE) in the Barents Sea in 1979-2014.

Months

1 2 3 4 5 6 7 8 9 10 11 12

SIE and ТКМ -0.83 -0.82 -0.70 -0.78 -0.87 -0.83 -0.67 -0.48 -0.26 -0.28 -0.44 -0.70

SIE and ТКМ (after 3 
years smoothing) -0.93 -0.89 -0.79 -0.88 -0.95 -0.90 -0.79 -0.63 -0.52 -0.45 -0.63 -0.80

High correlation coefficients in the first part of the year were 
used for the construction of the model of sea ice extent seasonal 
prediction in the Barents Sea [21]. Statistical analysis of the con-
nection between the mean water temperature in January-June in 
the layer 50-200m at the Kola meridian transect and sea surface 

temperature (SST) in the North Atlantic highlighted the tropical 
area of the North Atlantic in the region (5–25°N, 60–10°W) (Fig-
ure 1), that has the greatest impact on the water temperature at 
the Kola transect with a time lag from 27 (January) to 32 (June) 
months relative to SST in October.

Figure 1: Correlation coefficients between SST in October in the tropical North Atlantic and mean water temperature in January-June in the 
layer 50-200 m at the Kola section through 2.5 years.
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Correlation between SST in the selected area of the North At-
lantic and water temperature in the layer 50-200 m at the Kola 
meridian transect in December-February after 27 months is 0.76 
and after smoothing the series with 3 years window increased 
to 0.90. The analysis of the propagation of warming signal from 
tropical North Atlantic to the Nordic Seas and further to the Arctic 
Basin leads to the construction of the trajectory shown in figure 
2. Field observation in squares 200 × 200 km in the Arctic Ba-

sin between 1963 and 2015 were used to form AW temperature 
time-series. The coordinates of the square centers are indicated 
in figure 2. The AW maximum temperature within a square was 
attributed to the center of that square. The obtained time series 
yearly values of AW temperature contained gaps, therefore to cal-
culate the correlation between two series, pairs of values in the 
same year were forming. 

Figure 2: Propagation of warming signal from the tropical North Atlantic into the Arctic Basin: a — the warming signal propagation scheme 
(Atl — area in the tropical North Atlantic, Km — section at the Kola meridian in the Barents Sea, Fram — the Fram Strait, 93°N90°E — 
region with the center at 83°N, 90°E, 80°N120°E — region at 80°N, 120°E, NP — the North Pole), b — correlation graph between changes 
of water temperature in the regions (in brackets lags (years)).

The SST in the Fram Strait has a four-year lag from SST in 
tropical Atlantic during which interaction between the circula-
tion in the ocean and the atmosphere occurs. Further, the anom-
aly spreads to the Arctic basin in the AW layer, manifesting itself 
sequentially at Arctic Cape (Severnaya Zemlya archipelago), at 
80°N, 120°E, and reaches the North Pole area in 5 years. The time 
lag between Atl and Km is 3 years, and between Atl and Fram is 
4 years despite the equal or slightly greater distance from Atl to 
Km, which is explained by the faster signal propagation through 
the Norwegian and Barents Seas due to the peculiarities of at-

mospheric circulation. The cyclones passing through the Barents 
Sea generate SW and W winds that accelerate water transport, 
while at the back of the cyclones, the NE and N winds over the 
Norwegian and Greenland Seas slow down West-Spitsbergen Cur-
rent (WSC). Correlations and lags between anomalies in the Fram 
Strait, the North Pole (NP) region and the point at 80°N, 120°E 
do not contradict the condition of transitivity with delays (2+1+2) 
and (2+1) and correlations (0.63 × 0.84 × 0.89 ≤ 0.56) and (0.63 
× 0.84 ≤ 0.60).

Table 2: Water temperature in the Fram Strait and the West-Spitsbergen Current in the decades 1920–2010s based on the expedition data (http://
www.mosj.no/).

  1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s 2010s

Тfr, °С 5.30 5.67 - 4.66 4.12 4.26 4.37 5.70 5.94 5.96

Тwsc, °С - - - - 4.15 4.26 4.53 5.45* 5.62 5.44

*The value of 2.24 for 1998 excluded when calculating the average over the decade.

The correlation coefficients 0.60 and 0.56 are given to check 
the transitivity of correlations and lag times between points on 
the diagram. AW between the Fram and the NP does not propa-
gate directly but follows a trajectory along the continental slope 

and the Lomonosov Ridge. The average AW temperatures in the 
Fram Strait in different decades (Table 2) show a rapid increase 
in the 1990s following an increase in AW inflow and temperature.
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The mechanism of the influence of the ocean surface tempera-
ture anomalies at low latitudes of the North Atlantic on the inflow 
of AW to the North European basin includes the interaction of 
oceanic and atmospheric circulation [22]. Positive SST anomalies 
at the low latitudes of the North Atlantic maintain the negative 
phase of the NAO, when the zonal wind component over the North 
Atlantic weakens and a positive SST anomaly form over the entire 
North Atlantic. With a negative SST anomaly at the low latitudes 
and a positive NAO index, the zonal wind intensifies, which leads 
to ocean cooling and the formation of negative SST anomalies. 
Positive SST anomalies in the tropics of the North Atlantic appear 
in the Norwegian and Barents Seas three years later [23].

Conclusion

The area of the ocean in the low latitudes where SST affects 
atmospheric and oceanic transport to the Arctic has been identi-
fied and a scheme of transmitting the influence of SST anomalies 
involving atmospheric and oceanic circulation has been proposed. 
The influence of SST anomalies in the tropics of the North Atlantic 
on the Atlantic water inflow to the Nordic Seas is confirmed by the 
high correlation between SST and water temperature at the Kola 
meridian transect in the Barents Sea, a representative indicator of 
changes in the AW inflow into the Nordic Seas.

The impact of SST from the tropics of the North Atlantic is 
transmitted with the participation of the North Atlantic Oscilla-
tion, which changes under the influence of SST anomalies. This is 
confirmed by the correlation between the SST anomalies and the 
NAO indices. The correlation between NAO and SST in the North 
Atlantic is mostly noticeable with the lowest and highest annual 
NAO values.

Positive SST anomalies at the low latitudes of the North 
Atlantic contribute to the negative NAO phase, when the zonal 
wind component over the North Atlantic weakens and a positive 
SST anomaly is formed over the entire North Atlantic water area. 
At the negative SST anomaly at the low latitudes and at the positive 
NAO index, the zonal wind increases, which leads to cooling of 
the ocean and formation of negative SST anomalies. Positive SST 
anomalies of the North Atlantic tropics appear in the Norwegian 
and Barents Seas after three years.
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