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ABSTRACT
Results from comprehensive investigations of . Jenaral
peculiarities and. of ‘relationship . between large—-scale

variations 1in the atmosphere-cryvosphere-— hydrnsphﬁ:e climatic
system 1n the NWA and Barents 3Sea are presented.

A mlose statistically =significant relationship hetween the main
parametars of climate in the World Qcean regions studied has
Leen established, 1.s. atmospheric pressure and its differences

in a numher of pTints af  the area =studied, alr temperature,
water temparature in the surface and active layevrs of the main
gtyeams of curvents and ice coverage. In thig case the long-

term variationz under atmospheric and oceanic conditions in the'
lL.abradaor and Barents 5Seas are synchronously parformed in a vast
diztance from each whther {(above 2.5 theu.miles), however. with
a climatic trend being apposite.

One of the main sources of formatien of the long-term

climatic variations in the Norfth Atlantic and of the European
North seas is the North Atlantic fluctuation. Well agreement is
obzerved between intensity of the North Atlantic fluctuation
development in the west a2nd 1in the east of the World Qcean
region conzidered. :

Special attention has begen given to analygis for - anomalous
development of meteocrological, hydrographic and ice conditions
which has taken place both in the NWA and in the Barents Sea
since early 90g. A sharp thermodynamic variation in the Barents

Sea climatic - system has resulted in  anomalous warming
comparable by =zeale with a well known pericd of “Arctis
warming” in 1933-193% Aand that of the NWA - in a prolenged

pericd  of anomaleous.canling. Examples of essential and varions
impacts of hydrometeorclagical  conditions of anomalous period
in the beginning of 90s upon the reproduction and distrihution
of bicta in the Barenks and Labradar Seag are ogiven in  the
paper. ' :

INTRODUCTION

Prob@@m of ztudying the long-term climatin variations, optimal
ronsiderction of thezss variatjians under acalogical mmdp}liﬁﬂ
and forecasting is the most  actual in the World Ocesn r;rimn;
with complicated climatic conditions. Undanhtediy, the ﬁréiq-of-
the Labrador and Barents Heas alse refer to these fnﬁi;né
Extremes vear-to-year variability of m@teorniégi;aii




hydrographic and ice conditions which in its turn determines
frecquently an anomalous pattern of vyearclass abundance
formation, conditions for their feeding, wintering, spawning,
as well as routes of their seasonal migrations, is veveasled
here under severe conditions of extreme northern boundaries of
distribution of a number of main commercial fish species in the
zone of interaction of warm Atlantic and cold polar waters.
Hence, timely and obisctive diagnesis of long-term variations
in climatic systems of the NWA and Barents Sea as the ba=iz of
their long-term forecasting should be necessary. Due to the
sharp large-scale variations in hydrometeorological conditions
observed over the Barenfs Sea area and in the NWA at  present,
which are frequently of anomalous or extreme charactfer, the
long—term hydragraphic ferecasting as the bazis of ddequate
ecological or fisheries forecasting is especially actual.

The problem of the relationship batween hydrometearnlogical
processes in  the Earth remote parts has been of  inferest for
scientists for a long time from the point of view of methodical

approach  to long-term forecasting of natural) processes. In a
number of classical papers of 20-40s G.Walker, J.3and=trom,
V.Yu.Vize and V.V.5huleikin have found availability of

temperature "oppozition” in  the NWA areas, including the West
Greenland, and 1in the WNEA, including the seas of the North
European basin. Early in 60s G.K.Izhevsky has broadened thess
scientific ideas and developed the conception on availability
cf a number of natural systems of planetary scale in  the

Northern hemisphere, in particular, the Greenland—-Nerth
American (including the NWA} and Atlantic ones (including the
NEA and North Eurcopean basin). According . fto his . views

(Izhevsky, 1964) the natural systems function under interacting
processes In atmosphere, hydrosphere and biosphere both inside
each of - the systems and between them., In thisz case a
develaopment of the mentioned processes in the Greenland-North
American and Atlantin systems 1s antibphazse and different-
directed.

Sufficiently detailed analysis faor. general peculiarities of
large—scale variaticons under. hydrometeorclegical conditionz in
the North Atlantic areas and in the @eas of the European North,
including the analysis of apomalous perind of 90z, is given in
numerous proceedings  and in ICES and © NAFQ saoientific
publications. in particular, detailed data from
hydrometeornlogical investigations in the NWA areas have been
published din numerous reports of NAFO - Scientific  Council
meetings (papers by E.Buch, E.B.Colhourne, K.F.Drinkwater,
S.A.Malnberg, B.Petrie, M.Stein, ‘H.R.Thompsan, R.W.Trites.
V.A Barovkov, I.I.Tevs and athers).

Current  long—term fluctuaticons in marine climatée for the
Barents And Norwegian Seas areas have heen considered 'in detail
in a number of ICES investigations (L.Midttun, K.R.Dickszaon,
JoRlindheim, H. Loeng, V.V.Tereshchenkol. Reszults from a number:
of dnvestigations (Bochkov, Luka, 1991: Bochkov, Tereshcohenke,

15997, 1984)  indicate the extreme nature of develapment nf
hydrometeoroingical conditiens in  fthe Barents Se=a in a nerrad
fram the bheginning of 908 and anomalous hislogical  and

commercial after—effects of thiz development.

Unfortunalely, no proper attention has, in our opinion, bean
given to the questiconz pertained to the reiationship betwaen
surrent large-scale variations in climatic systems of the Nartn-
Atlantic areas and the Europsan North seas. Meanwhile. theas
investigations from the peint «of view of methodical approach
wili contributa fo more successful settling the questions of
long-term forecasting of large—-scale variations in
meteorclogical., hydrographic and ice conditicns in  the Worid
Ocean regions studied, since they allow to cbtain detailed and

bhetter knowledges ahout mechanisms of these wvariations
formaticn, to control objectively temporary and spatial
boundarizs of vansition of natural climatic systems from

warming to cooling and, wvice versa, to uze’ the ralationship
astablished empirically not only within cne system but alsao
within other neighbouring ones.



On  this bagsis,. our attention has been concentrated upon
establishing the pattern and extent af the reltatienship between
current (1851-1993) long-term wvaristions of the atmosphere-
ervozphere—hydrasphere climatic system in  the Labrador and
Barents Seas laocated in a distance above 2.5 than.miles and
inciuded into ftwo. adjacent natural systems (anccording tn
G.K.Izhevsky) -~ the Atlantic and Greenland-North American ones.
An attempt to classify in quantitative form and to compare the
leveis of thermal state of these climatic systemsz for 1964-1603
has been undertaken on the basis of formed homogenascus large
body of climatic data. Much prominence has been given to
analysis for anomalous development of hydrometecrological
conditions of these seas, which has taken place since the
beginning af 90s. as well as to its influence upon reproducticn
and distribution of bicta in the Barents and Labrador 3eas.

MATERIALS AND METHODS

Long—term data on the following hydrometenrological parameters
hawve been used as the main initial information:

- mean monthly data on atmospheric pressure on the sea leval
and on alr temperature (1991-1993) from a number nf
caoastal and insular pointg in the North Atlantic and in
the geas of the Eurapean North, az well on temperature of
the gea surface layer in regular grid ponints in the area
of the North Atlantic and Norwegian Sea (1974-1993)
(Materials from Hydrometeorclegical Centre of Russia,
Moscow) ;

- difference in valuaes for atmospheric pressure on the =ea

level in Keflavik-Horta, as the index for intensity of
development of the North-Atlantic fluctuation responsible
far evolution of large-scale variations of metearcliogical
and oceanographic processes in the North Atlantic and
European North seas. as well as in Grndthaab-Gaose Bav and
Jan Mayen-Stavanger -~ “indicators" of the North-Atlantic
fluctuation develapment in the NWA apd NEA areas. Data for
1591-19493 have been ohtained from Hydrometeorolagical
Centre of Russia, Moscow);

- data on water temperafture of active layer in a number aof
etandard hydrographic sectionz in tha Barants (mean
monthly and mean yearly for 1951-19%3) and Nerwegian
{June-July 19254-1993) Seas. chjsctively reflecting.
variations in-thermal state of water of the North-
Atlantic—Norwegian-North Cape-Murman Currant system and
along B-A section in autumn, the data on temperaturs
regime of which characterise the thermal state af the
Labrader Current waters (1964-19%3) ~ PINRO hydrographic
data; :

- data (mean.monthly and mean yearly) on ice caverage in %
of the area,cf the Barents Sea (1951-1993),
Labrador Sea and Davizs Strait (1967-1693) -~ data of
Hydrometeorological Centre in Murmansk.

In addition, a number of informative parameters for the
atmosphere-cryosphere-hydrosphere system in the the North
Atlantic and in the North-European basin seas nbtained by PINRC
from Hydrometeaorological Centre of Russia has been used by the
authors., as well as the data from literature.

Te aveld distortions obtaiped when comparing and analveing the
data seriss with =& differsent duration the preliminary
calculations have heen done to adiust the data analysed tao a .
single norm, for which the periad 1951-1990 has been taken.
Ther=afore, results from the analysiz and comparison af
hyvdrometecrclogical conditions of the Labrador and Barents Seas
given below are, In sur apinion, methodically Jjustified,
homogeneous and objechtive.
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* RESULTS FROM INVESTIGATIONS

Relationship hetween variations in ¢limatic conditions
of the Barents and Labrador Seas

Analysis for data on current long-term variations iIn climatic
parameters of two natural zystems of the NWA .and Barentz Sea
indicates a close statistically reliable relationship between
their meteorological, oceanographic and ice conditions.

It is nlearly demenstrated in Figs. 1-3. The main peculiarities
‘of  the relationship hetween large—-scale variationz in a numbey
uf parameters of the Labradar and Barentz Seaz aclimatic
svstems, as an exampie, shonld be nated.

Alr temperature. Close, statistically reliable. synchroncus
reverse relationship “is pronaunced hetwaen long—-term
fluctuations in air temperature over the Labrader (Goose Bay)
and Barents (Vardoe) Seas. Correlation coefficient has
conztituted -0.49 at n = 30 and P = 0.001 for 1964-~1993. In
this case, the closest ralationship between long-term

variations in air temperature is abssrved in January-March
(Fig.1l) when the coefficient resaches -0.75%, whereas during
other seasons this relationship is statistically inzignificant.

Water femperature. Long-term fluctuations in temperatures of
Atlantic waters in the streams of the North Cape and Murman
Current in the Barents Ses and subarctic waters of the Labrador
Current in the NWA are synchronously related and are of
"mirror” character. Thus, statistically reliable synchronous
revarge ralationship between long-term variaticons in water
temparature in 0-200 m along the "Kola Meridian' section in the
Barents Sea and along 8-A section in the Labrader Sea (Fig.2)
makes up -0.61 {(P=0.02, n=29) for 19864-31992, Similar c¢lose
reverse relationship has also baen registered in  long-term
variations of thermal state of waterz in the Nerwegian (5-C
section along 63°N) and Labrador (8-A section) Seas {(r=-0.52).

Thus, the long-term wvariations in thermal state of waters of

the Labrador and . Barents Seas are clozely related and
synchronously pronounced in the long-term aspect, however, with
climatic pattern being épposite, 1i.e. intensification or

attenuation -of warm currents. of the Barents Sea and- of cold
Labrador Current ceincide in time. As can be seen in Fig.2, the
most c¢learly it 1s pronounced in the perioads of anomalous
development of oceanic conditions for climabic systems of the
Labrador and Barents Seas - in 1965-1969, 1972-1976, 1077-
1981, 1985-1988, 1986-1993, -

Ice coverage. Close: reverse relationship has been ratablished
(Fig.3) between the long~term variations in ice coverage (in %
nf the =ea area) of the Barents and Labradcr Seas {r=-0.68,
1967-1983, n=27, P=0.0001) and also between the large-scale
variations in ice coverage of the Barents Sea and Davis Strait
(r=-0.3%1. 1967-1993, n=27, P=0.006) in winter. 'Relationship
betwasn the large-szcale fluctuations in ice coverage of the
Labrador Sea and Davis Strait  i= direct, correlation
coafficient of which varies from 0.75 (mean yearly values) to
G.83 {mean values for January-March) .

Thus, c¢lose reverse relationship between current large-zcale
variations in thermal state of atmosphere and ocean in the
areas considersd iz pronounced with - the relaticnship Dbeing

synchronous . Thesis of "oppeosition” of development of
environmental conditiong 'in the Greenland-North American and
Atlantic natural systems, -~with all the biclogical and
commercial after—effects, confirms this hy new

hydrometearological data.

Undoubtedly, one of the main factors: of formation of such
large-scale in time and space climatic fluctuations is the
North Atlantic fluctuation which reflects a close interaction
between Atlantic. centres of atmosphers action - the Icelandic
minimum and Azores maximum (r=-0.66, 1953-1992, n=41, P=0.000).
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This conclusion agrees with classical scientific views and, in
this connection, an attention should be given to a pattern of
spatial manifestation of the North Atlantic fluectuation’
phenomenan. Tt can he clearly seen in Fig.4, which demonstrates
a close relationship between variations 1in the index for the
North Atlantic fluctuation in Keflavik-Horta and its local
"indicators" in the Northwest and Northeast Atlantic areas.
Correlation ceefficients for the leong-term wvariations in
atmaspheric pressure between the indices for the Nerth Atlantic
fluctuation and their analeogs for the Northwest and Northeast
Atlantic «constitute Q.84 and 0.67, respectively (1953-1993,
n=41, P=0.000).

Role of these indices . for atmosphere pressure and circulation
regime 1is algo ezmsential in formation of temperature regime of
the NWA and NEA climatic systems. For example, a close
statistically reliable relationship is pronounced betwesen the
index for the North Atlantic fluctuatien in the NWA and

cervaspanding  variations in  the air temparature, water
temparature and ice coverage of the Labrador Sea area:
r = 0.63, 0.54 and —0.33, respectively, and P - 0.000, 0.002,

0,005, Analogous close relationship is alsoc typical of the
Barents Sea:

As it is seen from the plot given (Fig.4). the year-to-year
index for the MNorth Atlantic fluctuation is characterized by
sharp wvariations in its wvalues from vyear to  year and,
therefore, a climatic effect through variations of weather
conditions in the North Atlantic areas and European North seas
can he extremely variable and dependent beth on a level of its
development intensity and on geographical peosition of centers
of the atmospere action.

General péquliaritieslaf present—day variations in
hydrometecrcological conditions of the Barents and Labrador
Seas ’

heccording to the investigations (Bochkowv, Tuka, 1%991; Borchkaowv,
Tereshchenke, 1992), a notable intensification in variations of
shorter periods has alsc been revealed in the Barents Sea area
against a background of eszential climatic variations since
60z, i.#. a-progressive increase in instability of climatic
system of this region. The <c¢lose relationship found for
present-day large-scale fluctuations 1in hydrometeorclogical
processes and conformity of duration of warming and ecooling
pericds in'the Labrador and Baroants Seaz in 1965-1969, 1972-
1976, 1977-1981. 1985-1943 indirectly indicate  that
intensification of its c¢limatic system instability should also
be observed in the NWA area. One of the clearest manifestation
of such instability., in our opinion, is an increase in
recurrence of natural anomalous phenomena which are observed in
the Barents and Labrador Seas at present and a commencement f
which dates from 1989 (Fig.5). In this connection it is actual

to analyse in detail the general peculiarities and possible'
genesis of the current anomalous development of
hydromsteorclogical conditions in the Barents and Labrador Seas
to a secale of varishility in the Atlantic and Greenland-North
America% natural systems and to evaluate their biological and
commercial after—effects. The main positions and conclusions of
the analysis given below are iliustrated in Figs. 5-13.

Analysis for wvariations of hydrometeorological conditions in
the areas of the North Atlantic and Eurcopean North seas 1in
1989-1993 has shown the anomalous and, in separate ysars (19089,
1390, 13927, axtrame davelopment of the atmcspheric
circulation, which sharply differed from both the long-term
means and conditicns of the previaus 30—-period (Fig.4), to be
thea most  impertant in a formation of these conditions.
Extremity of atmoespheric cireculation processes Is especially
ncticeable in winter-spring as evidenced by the followiné
factors. In winter period 1989-19%90 the Inwest pressure in
Ieeland area (Icelandic mimimum) and the highest one on  the
Azores [Azores maximum) have been registered for recent decade
and, according to personal communication by V.M.Bulaeva, for a
whole pericd of observations asince 1881. Abasolute minima of



mean manthly atmospheric pressure in winter have been recorded’
in Scandinavia. on the Kela Peninsula, Spitsbergen, Yan Mayen
and 1in Greenland. No analegs of such extensive and profound
depression of pressure have been found over a vast srea of the

North Atlantic (northward of 50°N}, the Norwegian, Greenland
and Barents Ssas. Intensity of the Icelandic and AzZores cantersg
of atmosphere action in winter-spring has continued to remain
further also during a whole pericd of 1989-1993, what was
accompanied by an exclusive  activity of the atmospheric
circulation processes as evidenced by the following factors:

~ 1n 1989-1993 a recurrence of positive anomalies of number
of stormy days (Fig.6) in January-March made up 87% (in 13
of 15 months) in the Labrador Sea area and 100% (in 15 of
15) - in the Barents S5ea; .

~ in 1989 and 1990 (January-March) 60 and 65 stormy days,
respectively, at the norm 40 were observed in the Labrador
Sea area, j.e. during the first quarter 20 and 25 "“odd”
stormy days have been registered theve;

— similar pattern of anomalous development of stormy
activity 1in that period was observed nearly in all areas
of the North Atlantic, Irminger. Nerwegian and Barents
Seas. ’

Undoubtedly, activization of stofmy activity in winter,
obgerved ih recent years, affects adversely the navigatiocn and
fishery in the World QOcean areas considered.

Increased recurrence of prevaling winds has completely agreed
with the pattern of anocmalous development of the North Atlantic
fluctuation. In this case a well-dafined oppositien of
direction of the main air mass trangport in the NEA, Norwegian—
Greenland basin and Barents Sea on the one hand

(stable southwestern, southarn air wass transport) and ~3n fhe
area of the NWA snd Irminger  Sea on the other hand (pravailing
of the northwestern, northern winds). ;

Streng and  stable winds of southwestern, southern diresctions
contributed to a formation of abnormally high values for  air
temperature aver the Barents Sea area, the positive anomalies
of which reached 3-5C in winter-spring (Fig.7). In 1989-1693
the recurrence of mean monthly wvalues for air temperature,
exceeding the norm, on Varde station reached B8% in January-
May, i.2. positive ancmalies of air temperature were ohgerved
in 22 of 25 months of 'the pericd analyzed, and negative — anly
during 3 months; the absolute values for negative anomalies did
not exceed ©€.1-0.53°C. On the contrary. the main reason aof
formation of largs negative anocmalies of air temperature over
these areas were =similar strong and stable winds of the
northern directions in the areas of the NWA and Irminger Sea
(Fig.7). Rercurrence of air temperature above the norm in
January—May over the Labrador Sea area has alse constituted the
anomalous  walue - 88%. Thus. in winter pariod 1989-1993 stable
areas of anomalous cooling and warming of air mass cloge by
etability = of their manifestation |, as evidenced by the
analysis, te 1972-1876, have formed over the Labrador and
Barents Seaz areas.

The observed sbove anomalous fthermoedynamic development of
atmospheric circulation praocesses in 1989-1993 has  induced
large-scale variation in hydrographie and ice regime in the
World Ocean ' areas studied. In this caze the climatic effect of
such a prolonged and heavy 1nfluence of atmospheric circulation
procaesses upon the hydrographic and ice regime of the Barents
and Labrador 3Seas has proved to be much considerable and was
characterized by the following peculiarities.

Distribution of surface layer temperature in the North Atlantic
and Eurcpean North seas reflects clearly an impact of anomalias
of atmosphere pressure and circulation regime consideresd
above . Essential positive anomalies of surface layer temperature
have formed over the area of the Norwsgian (sastern periphery).,
Greenland and Barents “Seas. In 1989-1993 n center of negative



anomalies of water temperature was observed over the area of
“he NWA and Irmingar Sea. Abnormelity and conformity of curfent

large—scale variations in atmospherie circulat@on intensity,

air temperature and surface layer temperature in *the Bavents

and Labrador Seas area are given in Fig.3, including mean:
monthly values for anomalies of these climatic parametars for

1989 . On the whole., the situation is alzn typical of the period

198%-1993 considered, with details and leval of development of

atmospheric  and oceanis conditions being different in separate

vears, -

Main featurez of warming in {he'Barents Sea in 1986-1992

Iin 1989-1993 the anomalous 1ncrease in water temperature and
intensification of warm current system (the North Cape-Murman-
Novaya Zemlya Current) was registered in the Barents Sea.

Extreme development of the North Atlantic fluctuation observed
already in winter-spring 1989 has induced the extreme variation
in thermal state of water of active layver of 'these currents
system from high negative (-0.7 - -1.53°C) ancmalieszs, abserved
over a whcle area of the Barents Sea already in the beginning
of the year, to essential (0.7 - 1.3°C) positive ones in May-
July of the same year. No such essential (Fig.8) variation from
"cooling” to "warming" of water temperature in 0-200 m layer of
the Murman Current along the "Kola Meridian® section has been
registered during a whole period of observations since aur
century. Unusually sharp warming of the North Cape and Murman
Current waters was continuing during 53 vyears, . without
interrupting., as it was in previous shorter periods of warming
in 1959-1962, 1972-1976, i.e. separate “outhreaks" of cooling.

Warming ~f the Barents Sea waters in 1989-1993 does not vield
to that in the second half of 30z (1932-1939),- Xnown as the
periocd of "Arctic warming”. The fact that the area of cold
bottom waters with the temperature of -1.0°C and below has
reduced by 5 times, compared to their area during a period of
cooling  in 1977-1981, also indicates the extrems levei of
warming of the Barents 3aa waters s=arly in 90s. If in August
1978 the Central Deep cold bottem waters with the same
temperature were distributed southwards to 70° 30'N and ascended
the depths te 120 m, then in analogous period 1991 they waere
recorded only in ftwo local sites below 200 m and far north
along 74°00'N. It should be noted that exclusively low rates of
water c¢ooling were cobserved in winter—-spring period 1989-1993,
As a result of considerable thermodynamic impact of atmospherie
circulation processes the seascnal minimum of water temperature
in 0-200 m during a number of recent years has already been
observed in February-March, by 1-2Z months earlier than usually,
and maximum - by 1-2 months later, 1i.e. the spring-summer
seasons in the last period of warming in the Barents Sea were
extremely prolonged. Mild ice conditions (Fig.9) cldse to those
of the period of warming in the Arctic region in the second
half of 30s have occcurred to Bbe natural consequence of the
peculiarities of metecrological and hydrographic processes
development over the Barents Sea area early in 90s. The
recurrance of negative anomalies of ice coverage {1060%) from
Jannary ta April in 19890-1993 indicates a stability of
phenomenon of its reduction in this peried: During the lazt

peried of warming, compared ta that of cacling in 1977-1981,

the sea area covered with ice has decreamed twice in February.

It z=hould be noted that a rise in temperature of Atlantic
waters over the Norwegian and Greenland  Seas, compared to the
norm and previous period 1985-1988, was not so high as in  the
Barents D5ea , i.e. positive anomalies of temperature in 1989~
1993 on the average did not exceed 0,2-0.4°C in the southern

Norwegian Sea and only in the latitudes northwards 66°N they

were stable - 0.5°C and above. Positive ancmalies of
temperature were distributed over the water column of Atlantic
waters. This allows fta suggest the intensification of advective

transport of heat by the North Atlantic-Norwegian—-North Cape -

Currents system to be the main factor of ancmalous warming of
waters in the Barenfts Sea in the perind investigated alnng with
the processes of heat exchange with atmosphere.

[,



The main features nf cooling in the NWA in 1989-1Q903
Detailed and objective, in our opinian, analysis of
bydrometeorological conditions ohserved in ‘recent yvears in the
Nerthwest Atlantic Ocean has been presented in  a number of
papers at NAFO 3cientific Council Meetings feor 1990-1964.
Therefore, we found i1t appropriate to present the review on
hydreographic and ice conditicns in the NWA area, including the
Irminger Sea, as well as results rom PINRC investigations, as
summary of these current research.

Extreme 1ntensification of the North Atlantic fluctuation in
winter—-spring pericd 1989-1993 accompanied by a sharp increase
of stormy days (Fig.8), and recurrence of the northwestern and
northern winds have provided for intensified transport of cold
Arctic air mass to the NWA area throughout this period and,
respectively, for a formation of a large—scale center of
negative ancmalies of air temperature there, covered the area
of the Baffin Sea, Davis Strait and Labrador Sea (Fig.7). Such
intensive manifestation of the atmoshere circulation pracegses
has produced a sharp variation in oceanic conditions relative
te the norm and previous period. Itz main features are the
following: .

- vast area of abnormally low values for surface water
temperature have formed in the area of the NWA and
Irminger Sea;:

- general northern air currents have contributed to
ezgential intengification of the East Greenland-West
Greenland-Baffin Land-Labrador system of cold currents;
as for the Labrader Current a trend of intensification
well agrees with a pattern and rate of development of the
North Atlantic fluctuatiocn;

— intensive winter cocling has given rise to a formation of
large negative anomaliez of water temperature (-0.3 -
- 1.0°C) in active layer in the Labrador and Newfoundland
areas, with maximum of heat deficiency in a bottom layer
being observed not only in the Labrador and Newfoundland
shelf waters but alss along the continental slope in the
Labrador Current Main branch area: a trend of distribution
of cold waters towards deeper depth was obuerved;

~ gsevere winter conditions and intensity of advection of
cold in the Labrador Current have indured a considerable
drop in thermal state of water on the Newfoundland Shelf;
maan water femperature in a botfom layer remained ta be
stable hy 0.3-1.0°C helow the norm;

a trend of development of hydrometeorological- processes in
the Labrador and Newfoundland area favoured the area

extension and increase in thickness of cold intermediate
water laver:

a trend of reduction in the area occupied with transformed
Atlantic waters and shifting of the boundary of cold water
distribution esstwards are observed in the Baffin Land and
Labrador subareas:; essential drop in water temperature in
the region of *he Davis Strait mixed waters has been
induced not only by abnormally inecreased rates of cozling

in winter but alsc by attenuation af heat advection by the
Irminger Current; ’

- severe weather conditions in 1989-19%3 have caused
exclusively heavy ice conditions off the NWA, especially
in winter-spring: the recurrence of positive
anomalies of ice coverage in the Labrador and Davis Strait
has made up 100% for theperiod from January to April 1990-
- 1893, i.e. this process was exclusively large —-scale and
stable (Fig.9): =sarlier than usually formatien of ice and
itz further socuthern drift on the Newfoundland shelf, with
the ice edge varying consistently close by its highest
distribution houndaries in w1nter—spr1ng were observed
in the same period.




Thus, based on the present—day data, the analysis of variations
in the atmosphere-cryosphere-hydrosphere main parameters of
climatic systems of the Barents and Labrador Seas in 198%-1993

confirms the «concept of availability of antiphase of large-
scale fluctuations of hydrometsorological conditions in the NWA
and Barents Sea, and the values for -these variations indicate a
rise in instability of c¢limatic systems in  the World Ocean
regions studied at present.

Regional hialogical and commercial after—effects of
climatic variations in late 80s ~ early 90s

Current large—-scale variations in meteorological conditions of
the Barents and Labrador Seas are important during formation of
yearclass abundance of the main commercial objects and of their
distributicn and behaviour during -feeding, wintering and

spawning migrations. In particular, heavy bhioclogical and
commercial after—effecta have anomalous manifestation of
meteorological, hydrographic and ice conditicns in these seas

observed since the beginning of 90s. Tn acrord with the data
from PINRO investigaticons the main of them are the following.

Impact of hydrameteorclogical conditions en the reproduction,
distribution and behaviour of marine corganisms in the Barents
Sea is strong and variable in anomalous period of warming in
1989-1993. Intensificaticon of warm currents system, higher heat
cantent of Atlantic waters and mild ice gonditions have created
exclusively favourable wonditions for reproduction of the main
commercial fish species (excluding capelin) - ’

cod, haddock, herring and ghrimp. Higher level of haat content
of Atlantic waters 1in winter—-spring at Scandinavian coast and
in the southwWwest of the sea in the sites of the main spawning
grounds for cod, haddock and herring has conditiconed the
earlier, by 2-3 weeks, terms of reproduction {(spawning) of
plankton organisms - calanus and euphausiids during these years
than it was observed usually. Along with an extension of
duration . of vegetative period this has produced favdurable
feeding conditions for larvae and fingerlings of cod, haddock
and herring from 1989-1993 yearclasses, and, hence, for their
survival at early stages of development. Earlier .spawning has
also been registered for Atlanto~Scandian herring, which
rcommencas earlier than, usually from two weeks to one month
during a peried of current warming.

Intensification of warm currant system has contributed to a
wide dispersal of vyoung cod gadoid species along the Barents
Sea, eliminating an impact of cannibalism, and attenuated rates
of water cooling in winter and mild ice conditions provided a
good survival of young ¢od and haddock in the perieds of the
first winterings. As a result of this, in abnormally warm 1989-
1993 a number -of high abundant and abundant yearclasses of cod.
haddonck and ‘herring have appeared (Figs.10-12),  as well as
shrimp in the period 1989-1991, a growth of bicmass of which
was further delayed by intengification of gadoid species
predaticon. On the contrary. abnormally warm current period has
oocurred -to  be unfavourable for reproduction ot capelin in the
Barents Sea. In this case a reverse statistically reliable
relationship has first been revealed between the index for the
Barents Sea <capelin abundance and temperature rogime in the
previous Z-3 years prior to the yearclass appearance (Fig.13).

In 1989-1993 period of warming the areas of cod, haddock and
shrimp have sharply extended northward and eastward what is
more typical of abnormally warm years. Earlier commencement and
later termination of feeding migrations of gadoid . species are
ohzerved. d4.e. a duration of feeding period has considerabiy
increased (by 1-2 months) compared to normal conditions., as
well as to preceding perieod 1977-1988, 7

Essential and prolenged warming of the North Cape, Murman,
Nevaya Zemlya and Jouth Cape Currents waters has defined a
formation of good nutritive base of =zooplankton during a
feeding pericd and it has contributed, in accerd with the
ichtioleogical investigations carried out hy PINRC, to . the more

intensive growth of gadeid sSpeciesz in the Barents Sea.
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This has influenced upon an increase in biomass afd commercial
gstock of gadcid species and conditioned a successful
development of fishery by russian and norwegian fishermen.’

In contrast to | the Barents Sna, where evolution of

oceanographic conditions favoursd the fisheries activity, a’

prolonged and considerable cocling of marine climate in the NWA
was accompanied by a whole series of negative, from a point of
view of fisheries activity.! biological and commercial effects.
The clearest of them are the following. '

A prolonged (since the end of 80sz) maintaining of  record. by
pattern and duration, of '"cold"” period has been followed by a

sharp reductien in periods of vegetation of plankton food

organisms, especially in the ice distribution area, by later =

commencement of peak of wvegetative processes and delaying of
abundant spawning of capelin by 2-4 weeks, respecively. ’

Area with optimum conditions for development of boreal fish
ichthyoplankton has much reduced, what had effected adversely a
level of their yearclasses abundance early in 90s.

Ancmalous cooling of waters on the Labrador and Newfoundland
shelf has notably influsnced the distribution of cod inhabiting
these areas. Thus, by results from the trawl-acoustic survey in
1993, on the Grand Newfoundland Bank cod aggregations have been
"extruded by cold"” from Div.3L, where the hiomass has reduced
from 189 to 6 thou.t in 1991-1993, and it increased from 151 to
200 thou.t in the southern part of the bank (3NQ).. Abnormally
low values for bottom temperature of water in this area have
conditioned a distribution of cod at deeper depths.- to 700-
900 m than usually.

Extreme delaying of phases in capelin yearly cycle. which has
been expregsed ' in two-month delay 'in spawning at the
Newfoundland coast and respectively in “autumn" formation of
its feeding aggregaticons in 1991, is much pronounced biological
effect of cooling of the NWA waters. Capelin stock on  the
Newfoundland remains to be at a very 1low level,  and its
appearance, by the data from Spanish and Canadian scientists,
in the Flemizh Cap Bank and Nova Scotia areas shows an  unusual’
shifting of the area boundaries eastwards and scuthwards. .

Finally, if the fishery on grenadier and halibut tock place at
the depths, beginning frem 400 m, in preceding two decades,
then in a current pericd of cocling the main aggregations of
these species occur much desper - below 1000 m, and in separate
sites - to 2000 m. Similar unusual trend has alsoc been noted
for redfish which shifted not only to further southern areas
{by 1983 redfish stock in Div.3L has decrsased by 10 and
increased by 4 times in Div.3N, and by 10 times - in Div.30)
but also descended much deeper. i.e. from 400-600 to S0C m.

CONCLUSION

The examples given for essential and wvariable impact of
anomaloug state of environments 1in the Barents and Labrador -
Seas in a current period 1989-1963 on reproduction,
distribution and behaviour of marine organisms indicate the
anomalous variations in the atmoshere—cryosphere-~hydrosphere
climatic system in the regions of the World Ocsan to be also
foliowed by the biclegical and commercial effects, opposite by

a pattern. Peculiarities of long—term variations in the-

atmosphere—cryosphera-hydrosphere climatic system in'the NWA
and Eurcpean North seas, as well as a close statistically
significant reverse relationship between large-~scale climatic
fluctuations in the Barents -and Labrador Seas indicate that the
situation observed at present, is instable and, on the expiry

of definite time, it will be c¢hanged to an opposite, i.e. to .~

the warming in the NWA and cooling in the Barents Sea.
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Finally, it should be noted that the jarge-scals variations of
hydrometecrolagical conditions in two adjacent patural systems,
having anomalous bhiaological and commorecial after-effects.
indicate a necesszity for detailed and consistent ecological
monitoring in the North Atlantic and Furopean North seas within
the frames of joint vesearch prejects. Rise in instability of
the c¢limatic system accentuates an objective necessity for
close 1international cooperation.in the field of development of
reliable methods for long-term forecasting of natural’
processes. : :
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Anomalies of lons-term fluctuations in sir
temperature in the Labrador (Goose Bay)-1 and
Barents (Vardo)-2 areas (January-March, 1964-1993).
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Anomalies of long-term fluctuations in water

'temperature in 0-200 m layer along 8-A4 (the Labra-

dor Sea)-1 and "Eola Meridian®™ (the Barcnts Sea)-2
gections in 1964-1992, '
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Fig.3. Anomalies of long~-term fluctuations of ice
‘coverage in the'Barents —1fand Lebrador -2
Seas (January-March, 1967-1993). '
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Fig.4. Anomalies of long~term wvariations irn the index for
Forth Atlantic fluctuation (Keflavik-Horta)and for
its Yindicators" in the WA (Godthaab-Goose Bay)-1
and ¥YEA (Jan Mayen~Stavanger) in 1964-1993,




Fig.5. diean monthly values for anomalies of stormy days

(4,B), air temperature (E,G) and water surface
temperature (C,D), respectively, in the Labrador
and Berents Seas in 1989. ‘
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Fig, 6. Anomalies of number of stormy days for the
Barents'(A) and Labrador (B) Seas areas in
Jenuary-iarch (1,2,3), 1989-1993.
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- Fig., 7.  Anomalies of air temperature in the Barents(Vardo)-4
and Labrador (Goose Bay)Seas in January-March (1,2,3),

1989~1992.
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Fig.8, Monthly anomalies of weber temperature in 0-200 m
layer along the "EKola Meridian" section in 1987-1991.
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Fig.10. Normalized anomalies of mean catches of young cod
at age 3 - (1) by the data from PINRO-assessment
survéys for 49292-1003 vearclasses—and-temperature-- -
of water in 0-200.m layer along the “Kola Meridian"
section - (2) in the Barents Sea.

1992 - catches
199% - forecasting.
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r=074 n=15 P = 0.000

—2

' Normalized anomalies for mean catch of young had-

dock at age 3 - (1)from 1977-1993 yearclasses by

the data from PINRO assessment surveys and temperature
of water in 0-200 m layer along the "Kola Meridian"

section - (2) in the Barents Sea.

1992 - catcheé " '

1995 - forecasting.



- 23 -
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Normalized enomalies (log 10) of index for O-group
herring from 1977-1993% yearclasses - (1) snd
temperrature of water in 0-200 m layer along the
"Kola Meridian' sectionm -(2) in the Barents Sea.
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Fig.15.ﬂ Normalized anomalies for index for O-group
capelin abundance by results from Russian/
Norwegian surveys on'O—group fish from 1977-
ﬂ995_yearélasses'4 (1) and temperature of water
- .in 0-200 m.layer aldng “the "Kola Terfdian” section- -
(2) 4in 1975-1991, i.e., -two’ years prior to capelin
. yearclass. appearunce. -
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