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THE KOLA SECTION – AN INDICATOR OF BARENTS SEA CLIMATE

Summary

The temperature series from the Kola section is the longest of its kind in 
the Barents sea region and has been sampled with a high temporal resolution. 
The time series is therefore of great interest for scientists interested in Barents 
Sea climate and ecology. Institute of Marine Research has been priviliged by 
continously getting the most recent values, for which we are very grateful to 
PINRO. In this work we give a brief summary of the scientific work of IMR
where data from the Kola section have been used to examine Barents Sea 
climate, environmental influence on fish populations and temperature prediction. 
We conclude that Kola section temperatures are representative for climate
fluctuations in the part of the Barents Sea dominated by Atlantic water masses.
Furthermore variability in temperature in the Kola section is a good indicator of 
environmental influence on survival and growth of early stages of cod, haddock 
and herring. While long-time prediction of Barents Sea temperature is 
complicated, some of the first attempts at statistical prediction of Kola section 
temperature seem promising.

Introduction

The temperature series from the Kola section is the longest of its kind in 
the region. Since the series not only is a 100 years long, but also has a high 
temporal resolution, it is of great importance for scientists interested in Barents 
Sea climate and ecology. The data have been made available to the general 
scientific community through the publications by Bochkov (1982) and 
Tereshchenko (1996). In addition Institute of Marine Research has been 
priviliged by continously getting the most recent values both between the 
publications above and the later years. We are very grateful to PINRO for this. 

In this work we give a brief summary of the scientific work of IMR based 
on data from the Kola section. The chapters reflect the three different areas 
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covered: Barents Sea climate, the influence of environmental variability on fish 
populations and temperature prediction. 

The Kola section and Barents Sea climate 

Climatic fluctuations in the Barents Sea have been analysed by a number
of authors (Blindheim and Loeng, 1981; Bochkov, 1976; Bochkov, 1982;
Helland-Hansen and Nansen, 1909; Midttun, 1969). Here we will not look into 
this in any detail, but focus on describing and evaluating the role of the Kola 
section. A general conclusion is that the climatic variations depend mainly on 
the activity and properties of inflowing Atlantic water ( dlandsvik and Loeng, 
1991) but also local heat exchance with the atmosphere is important. The Kola 
section is strategically placed to monitor the variability in the temperature of the
part of the Barents Sea dominated by inflowing Atlantic water masses (Fig. 1).

Based on IMR's CTD measurements in the Barents Sea, Ottersen and 
dlandsvik (unpublished work) have made a digital temperature atlas. The atlas

contains quarterly values from 1970 to 1997. In each grid point a time series 
consisting of temperature values at 100 m for August-September-October has 
been extracted. These time series have been correlated with the Kola series 
averaged over the same months. Figure 2 maps these correlations (normalized 
by a factor 100). The map shows the highest correlations in the Kola section 
area. The correlation is relatively high with values of 0.6 and higher throughout
the Atlantic water masses (AW). On the other hand temperature in the
northeastern Barents Sea is more or less uncorrelated with the Kola temperature.
This can be explained by this area being dominated by arctic water masses. The 
temperature variability here is small compared to that in AW and no connection 
between them has been established. The Kola section does not seem to reflect 
the temperature conditions in the bank areas either. This is not surprising since 
the Central Bank region is covered by a large scale eddy with a long residence 
time which does not allow AW to enter. However, the map does demonstrate 
clearly that the temperature variations in the Kola section is representable for the
Atlantic Water masses in the Barents Sea. 
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Figure 1. The North Atlantic and Barents Sea. The Kola section is shown. Atmosphere-ically
driven inflow has been calculated for the Fugløya-Bear Island section (FB). The centres

of the dynamics of the North Atlantic Oscillation (NAO), the Icelandic low and Azores high,
are denoted by respectively L and H. The arrow roughly indicates the flow of the North

Atlantic Current. The location of three coastal hydrographic stations is shown:
Sognesjøen (SS), Eggum (EG) and Skrova (SK) 

By means of a homogenous atmospherically-driven numerical model
dlandsvik and Loeng (1991) calculated the fluctuations in the volume flux 

through the Fugløya-Bear Island section (Fig. 1) to the Barents Sea caused by
local wind forcing. This time series has later been extended. The smoothed flux 
series from 1970-1998 showes a remarkable synchrony in fluctuations with Kola 
section temperature (Fig. 3). This close relationship can be explained either as a 
result of the inflow of Atlantic water determining the temperature conditions in 
the Southern Barents Sea or because differences in Barents Sea heat content 
have a significant influence on the local atmosphere ( dlandsvik and Loeng, 
1991). An ice index for the Barents Sea, based on ice charts from the Norwegian 
Meteorological Institute, was published by Loeng (1979) for 1900-1978.
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Sætersdal and Loeng (1987) extended the series until 1983 and compared it with 
Kola section temperatures. The updated ice index time series can be found in
IMR’s annual Environmental Report (IMR, 1998). From these reports it may be
concluded that the temperature anomalies and variations in ice coverace vary in 
fairly good accordance. This can be explained by the ice conditions to a large 
degree being determined by the position of the polar front which again is 
regulated by the heat content in AW. 

Figure 2. Map of correlation between Kola temperature for August-September-October
and 100 m horizontal coverages for the same months. The correlation values

have been multiplied by 100
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Figure 3. Upper panel: Moving one year average of modelled inflow through
the Fugløya-Bear Island section. Extension of the series from dlandsvik and Loeng

(1991) Lower panel: Moving one year average of Kola temperature

Kola section temperature furthermore shows the same trends as SST from
meteorological stations along the coast of Northern Norway (Blindheim et al.,
1981), is correlated with southerly wind stress in the same area (Ottersen and 
Sundby, 1995) and, since the early 1970s, fluctuates in synchrony with the 
North Atlantic Oscillation (NAO; see Hurrell, 1995).

The Kola section and environmental conditions for fish 
populations

Historically the significant fluctuations in the yearly landings of cod have 
caused considerable puzzlement and problems for fishermen, not least along the 
coast of northern Norwegian. Around the turn of this century, a few scientists 
started a more systematic search for relations between the environment and
various aspects of fish stocks in the waters surrounding Norway. A particular 
concern was the causes of the year to year variability of the yield and why the 
spawning migration could change from one period to the next. Among the first
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to formulate clearly that there must be some kind of connection between 
physical conditions and fish stocks were Helland-Hansen and Nansen (1909): «It
is to be expected that variations in the physical conditions of the sea have great 
influence upon the biological conditions of the 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. It is therefore obvious that it would be of very great importance, not 
only scientifically but also practically, if the relation between the variations in 
the physical conditions of the sea and the variations in the biological conditions
of the various food fishes could be discovered». 

Since this was written a lot of effort has been put into obtaining relations 
between environmental variation and population parameters of Barents sea fish. 
An important factor in the management of fish stocks is the understanding of the
recruitment mechanisms. Many investigations have therefore focused on the 
environmental conditions during the early life stages as regulatory factors of 
recruitment variability, as for example hypothesized by Hjort (1914). A number
of authors who have studied the recruitment of Barents sea fish populations, 
particularly cod, have found it to be influenced by sea temperature.

Izhevskii (1961) showed a close connection between annual mean Barents 
Sea temperature and catch per hour of trawling of cod. Ponomarenko (1984) 
argued that the minimum temperature during the first wintering influences cod 
survival rates. Ushakov and Ozhigin (1986) studied abundance and distribution
of capelin in relation to hydrographic conditions while Borkin et al. (1986) 
looked into the connection between water temperatures and the abundance of 
polar cod. Krysov and Ergakova (1990) and Krysov et al. (1994) noted that 
warm waters on the spawning grounds and along the routes of larval drift and 
predominance of southwesterly winds determine the appearance of abundant
herring year classes. Sætersdal and Loeng (1987) and Borisov and Elizarov 
(1989) concluded that the high incidence of temporal similarity in survival
success of cod, haddock and herring larvae is related to the inflow of Atlantic 
water masses, with high temperatures acting favourably on all three stocks.
S tersdal and Loeng (1987) further concluded that the major part of the cod 
year classes of high and medium abundance are associated with positive
temperature anomalies in the early part of a warm period in the Barents Sea.

Several recent Norwegian publications studying environmental effects on 
fish, have used temperature data from the Kola section. Ellertsen et al. (1987) 
and Loeng (1989) showed that a high temperature as measured along the Kola 
section is a necessary, but not sufficient condition for the production of cod year 
classes of high abundance. This is a clear indication that cod recruitment is not 
related to temperature in a purely linear manner. However, reasonably high 
correlations have been found between yearly mean temperatures along the Kola 
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section and abundance at both the 0-group and 3-year stage (Ottersen and 
Sundby, 1995). Autoregressive time series models for recruitment at age 3 
including Kola section temperature as above and spawning stock biomass
explained 69% of the total variability (Ottersen and Sundby, 1995). A somewhat 
similar relationship, also using Kola section temperature, is described by Nilssen 
et al. (1994).

Ottersen et al. (1994) classified years as being warm or cold according to 
the annual mean temperature in the Kola section being above or below the long 
time mean. They used the resulting dichotomous time series to show that the
average abundance of cod and haddock at the 0-group stage to be 2.5-3.0 times 
as high in warm years as in cold; for herring the ratio is as high as 6.0. 

Close connections have been found not only between temperature and 
abundance, but also between temperature and fish size at early stages (Loeng et
al., 1995; Loeng and Gjøsæter, 1990; Ottersen and Loeng, in press). A 
comparison of average 0-group lengths and growth increments from early
juvenile to the 0-group stage between cold and warmer years was done for cod,
haddock and herring. Average lengths and growth increments are seen to be 
higher within warm years than in cold for all these stocks (Ottersen and Loeng,
in press). Temporal development of cod length and annual mean sea temperature
along the Kola section is, with some notable discrepancies, in synchrony 
(Fig. 4). 

Ottersen and Loeng (in press) conclude that the close connection between 
growth rate and survival is a result of a mutual response to temperature
fluctuations. They further hypothesize that for stocks at the high latitude end of 
the overall range of the species the environmental signal generally over-rides 
density-dependent effects on growth. 

While Kola section temperature time series has been proven to reflect the
large scale interannual climate variations in the southern Barents Sea very well, 
it need not be a good indicator of the temperature of the water masses actually
surrounding the fish, their ambient temperature. Annual mean temperatures for 
cod range from 6-8 degrees centigrade at the spawning grounds along the west
coast of Norway down to 0 or even -1 along the Polar front in the northern and 
north-eastern parts where the fish feed during summer and autumn (Mehl et al.,
1985). Cod is mainly found at depths below 100 metres (Korsbrekke et al.,
1995) where seasonal variations at fixed locations are rather small, 1-3 degrees. 
Consequently the majority of adults, more than 7 years of age, experience
significantly higher temperatures during their migrations to and from the 
spawning grounds in November-May than during summer-autumn when 
feeding. This is to a lesser degree also the case for the immature fish, ages 3-6
years, which have a less extensive seasonal migration to prey on capelin 
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migrating towards the coasts of Russia and Northern Norway in winter-spring 
(Mehl et al., 1985).

Figure 4. Temporal development of length of cod at the 0-group stage and annual mean
temperature in the Kola section

Interannual variability in ambient temperature due to differences in 
distributional patterns can obviously not be fully reflected by any fixed section 
or station. Ambient winter temperature was estimated for 1-7 year old north-east 
Arctic cod in the period 1988-1995 from spatial distributions of fish density and 
temperature by Ottersen et al. (1998). The interannual variability in ambient
winter temperature was larger than in the Kola section series (Fig. 5).

Prediction of Barents Sea temperature by means of the 
Kola section 

The temperature series from the Kola section is the longest of its kind in 
the region and is also representative for the variability in the part of the Barents 
sea dominated by the influence of Atlantic water masses (Fig. 2). This time
series is therefore a natural starting point for forecasting of Barents Sea 
temperatures by means of statistical methods. Based on suggestions by earlier 
authors we here look into the relative role and predictability of several 
mechanisms involving both advection in the ocean, local atmospheric influence
and teleconnections. To do this we apply ordinary correlations, Fourier 
decomposition and autoregressive modelling.
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Figure 5. Mean ambient temperatures of three-year-old cod (upper graph) and five-year-
old cod (lower graph) plotted against mean temperatures in the Kola section.

Years 1978-1984, shown with smaller, open circles and thin font, are from Nakken
and Raknes (1987). Note that the horizontal and vertical axes are equally scaled

The correlation between the annual mean temperature, tmean, and the mini-
mum temperature of the same year is high, R2=0.93. This may not seem useful 
for prediction, but since the minimum value nearly always occurs in April an
idea of the general temperature level is given relatively early in the year: 
tmean=1.61+0.80*tApril, R

2=0.89. The degree of explanation, as described by R2,
increases steadily from the minimum level of the forecast for March to the 
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October forecast based on the April value. Values for April and the following 
October generally fluctuate in synchrony (Figure 6).

Figure 6. Correspondence between April and October sea temperatures along
the Kola section. Temporal development 1921-1997 (panel a) for October

open circles) and April (dots) and scatter plot (panel b) 

Covariability across the winter months is less than for other periods.
Furthermore, there is a high correlation between the minimum (April) and the 
annual mean temperature. This clarifies a picture of the temperature level for the 
rest of the year being «set» during the hydrographic winter, only adjustments to 
this level take place later. This agrees with the findings of Izhevskii (1964) 
based on data from 1921-56. He did, however, find that the temperature level for 
the coming year was «set» already in December. Results from the longer period 
studied by us indicate that the temperature level is not «set» before February,
possibly as late as April. The conclusion is that the uncertainty of this simple
approach to six-month prediction of Barents Sea temperature is, historically 
speaking, least for forecasts from spring to autumn. For fisheries management
purposes knowledge of autumn temperature well ahead of the advisory meetings
taking place at this time of year should be most useful.
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If climatic variability is dominated by advection in the ocean it should be
possible to forecast temperature development by using upstream observations 
and knowledge of the time lag. Crosscorrelations were calculated between 
monthly temperature values from Kola and the upstream locations of Eggum,
Skrova and the more distant Sognesjøen (Fig. 1). However, the maximum value 
found (with Eggum) was only about 0.50 at lags 2-3 months. Maximum
crosscorrelations between Kola section annual mean temperature and respec-
tively modelled atmospherically driven volume flux through the Fugløya-Bear
Island section (FB) and the NAO were both found at lag 0 and thus not appli-
cable for prediction. The lag 1 correlation with the NAO was just below 0.30. 
with FB 0.57.

This does not seem to promising, but adding an FB term lagged by one 
year to an autoregressive model for Kola annual mean temperature improved the
fit significantly as compared to pure AR models. A pure AR (1) model for 1921-
1997 explained only about 15% of the total variability in the series. The pattern 
was similar for the period 1973-1997 that we were able to model also with AR 
models including external climatic terms. Adding an FB term lagged by one 
year increased the percentage of the total variability explained to 43. Including 
an NAO term either separately or in addition to FB did not better the 
performance.

A number of authors have suggested periodicities of various lengths for 
the climatic variability in the Barents Sea, either based on oceanographical 
arguments (Helland-Hansen and Nansen, 1920; Kissler, 1934; Lunde, 1965) or 
on different kinds of time series analysis (Ottestad, 1942; Ottestad, 1979;
Izhevskii, 1961; Izhevskii, 1964; Bochkov, 1976; Loeng et al., 1992; Yndestad, 
1996).

A time series can be expressed as a sum of sines and cosines in addition to
an error term (Chatfield, 1989; Priestley, 1988). If periodic fluctuations at a few 
frequencies dominate, much of the variability in the time series will be caught in 
the sum of the sine and cosine components of these frequencies. Assuming this
is the case for Barents Sea temperature we constructed harmonic functions,
which were extrapolated into the future. The periods used were all suggested by 
earlier authors. In particular periods that could be accounted for by well-known
physical characteristics like solar activity and tidal components were chosen.
Figure 7 shows predicted and observed values. A test procedure was developed 
to evaluate and compare forecast abilities. The forecast scheme is applied for 
each year from 1961 to 1998. For each of these years only data from the start of 
the Kola series in 1921 to December the previous year is used, making the 
forecast honest. The predicted mean temperature for each of the three following 
years are named the one, two and three years forecast. This gives three time 
series with terms that can be compared to observed values. The error statistics 
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consist of the mean and standard deviation of the forecast error, the root mean 
square error and the correlation coefficient. For comparison two benchmark 
schemes are put forward and tested. In the first, the “basecase”, the one, two and
three years forecasts are all set equal to the long term mean temperature. The
second scheme may be termed «persistence». Here the anomaly of the last 
December temperature is added to the long term mean and used as prognosis for 
all three years. They show that only about 25% of the variability in the 1-year 
forecasts is explained by the eight periods used. A performance only marginally 
better than that of the «basecase» is disappointing. One possibility is of course 
that one or several important periodic components have been left out, but we
find it far more likely that the periods earlier authors suggest at best are quasi-
periodic, with their importance varying with time.

Main conclusions

From IMR’s examinations of the time series of temperatures measured 
along the Kola section the following conclusions may be drawn: 

– Kola section temperatures are representative for climate fluctuations in 
the part of the Barents Sea dominated by Atlantic water masses. 

– Variability in Kola section temperature is a good indicator of environ-
mental influence on survival and growth of young cod, haddock and herring.

– The temperature at neither the Kola section or any other fixed section or 
station is representative for what fish experience when moving around. To study 
distribution and growth of all but the earliest stages some kind of ambient
temperature reflecting that the distribution of the fish is a function of age, season 
and year, should be used.

– Long-time prediction of Barents Sea temperature is complicated by 
many different processes with different temporal and spatial scales being 
important. However, some of the results of first attempts at statistical prediction
of Kola section temperature seem promising.
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Figure 7. Moving one year average of Kola temperature and model prognosis (dotted)
based on the eigth periods given in Table 3 
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