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INTRODUCTION

Oceanographic conditicns are analysed on the basis of materials
of surveys carried out according to PINRO programs in the spring/
summer period in NAFO Subarea 3 and in the autumn/winter period
in NAFQ Subareas 0, 1, 2, 3., In addition, the information on ice
and meteorological conditiona is borrowed from national Hydro-
neteorological Centres.

Conditions characteristic for 1990 are compared with the long~

term mean conditions, trends of conditions variation in recent
years are set.

MATERTAL AND METHODS

Observations over water temperature and salinity were made fol-
lowing the irregular grid of trawl stations and standard sections
11-4 (Fyllas Bank -~ Cumberland}, 34~4, 38-A and 8-4 (Fig. 1).
Water temperatures were measured at standard depths of 0, 10,

20, 30, 50, 75, 100, 150, 200, 25C, 300, 400, 500, 600, 800,
1000, 1200, 1500 and 2000 m.. The measurements were made in the
near-bottom layer (5-10 m above the bottom) in case the depth
was less than 2000 m. Temperature was measured by protected
reversing thermometers while unprotected reversing thermometers
were used for confrol of proper depth.

Water samples were taken at all standard depths using 1-litre
Nansen bottles BM-48 for determining the salinity by relative
conduction (UNESCQO, 1978) measured with MK SH~601 electric
salinometer.

To characterize meteorological conditions the data are used on
mean monthly sea-surface atmogpheric pressure, air temperature

in the near the ground layer and their anomalies compiled in the
form of charts by the USSR Hydrometeorological Centre (Moscow).
Long-term mean monthly temperature and atmospheric pressure based
on the data for 1931-1960 are used to estimate anomaliss,
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Date on mean monthly temperature anomalies in the regular grid
points given as well in the form of the USSR Hydrometeorological
Centre charts were used to characterize the heat content of we-
ters in a sea~surface layer. Fig. 1 presents some pointe related
to the area surveyed. Long-term mean monthly values for 1957-1971
are used to estimate temperature snomalies.

Materials kindly presented by the Murmansk Hydrometeorological
‘Centre were used for analysis of ice conditions.

METEQOROLOGICAL CONDITIONS
Atmospheric pressure

Primary atwmospheric circulation over the North Atlantic in early
1990 was similar to that in 1989 and was characterized by a higher

intenaity. The main feature of its development was associated
with anomalously low atmospheric pressure over the North and
Norwegian-Greenliand basins,

Fig, 2 preaents‘mean monthly sea-surface atmospheric pressure
anomalies in the Northwest Atlantic. As is seen from the Figure the
mean monthly pressure anomalies over Greenland reached -12-20 hPa
in January-March.

In April atmospheric pressure values approached the norm. In the
north of the area anomalies decreased to -6 hPa while over the
south—~eastern part positive anomalies of the order of &-8 hPa
were preserved.

From May to October the atmospheric pressure field over the NW
Atlantic was clese to the long-term mean one, anomaslies varied
from -4 to +4+ hPs. Neither negutive nor positive anomalies do-
minated over any area.

In November an area of low atmospheric pressure formed ovVer the
southern part of NAFO Subarea 3. East of Newfoundlend anomalies
of mean monthly atmospheric pressure reached -8 hPa. In December
the depression centre shifted to Greenland where anomalies of
mean monthly pressure made up -6 hPa. South of 60°N positive
anomalies prevailed which in the Flemish Cap Bank area reached

& hPa.

Air temperature

Winds of north direction prevailing over the north-western part
of Atlantic ocean in January-March caused a strong cooling in




this area. In this perind mean monthly air temperature wae 4-8°C
below the norm over Davis Strait and lLabrador Sea (Fig. 3). The
highest absolute anomalies were registered in February.

In April-May air temperature over the greater part of North-
west Atlantic was 1-3°C below the norm. From June to November
négligible in magnitude positive anomalies prevailed over New-
foundland and South Labrador whereas negative ones dominated
over North Labrador and Davig Btrait.

In December a centre of cold formed over North Labrador and
Davis Strait, mean monthly temperature was 2-4°C below the norm,
In NAFQO Subarea % air temperature was close to the norm in this
periocd.

OCEANOGRAPHIC OBSERVATIONS
Ocean surface temperature

For convenience in analysis the data on water temperature anoma-
lies in the surface layer were sgeparated inte 3 classes - "above
the norm", "the norm" and "below the norm", the boundaries bet-
weon them being chosen arbitrarily and referred to the values of
temperature anomalies =1.0°C and 1°C.

To judge by the results from the 1990 classification (Table 1)
temperature values corresponding to “the norm" were predominant
in Subareas 2 and 3 end their recurrence made up 4% for the
whole set of regular grid points during the year. As for Subarea
2 {points 1-7) the recurrence of temperature for this class made
up 75% and 58% - for Subarea 3 (points 8-19). Relative shortage
of heat was observed during the greater part of the year in the
off-shore area surveyed (points 2, 6, 110, 12 and 13) occupied
with waters of subarctic vertical structure.

Table 2 presents the recurrence of the sea-surface temperature
from different classes observed in Subareas 2 and 3 in recent
years. As is seen from the Table the mean yearly témperature in
the surface layers increased from 1986 to 1988 as evidenced by
an appreciable increase in recurrence of "the norm" and "above
the norm" and decrease in recurrence of "besliow the norm', Since
1989 the temperature in the surface layers started to decrease
which is corroborated by the increased recurrence of "below the
norm". The downward trend was observed most clearly in the New-
foundland area where the recurrence of "below the norm" 1ncreased
from 13% in 1988 to 30% in 1990.



Tempersture conditiona in Davis Strait in the autumn period

Oceanographic observations were carried out by RY "Kapitan
Shaitanov'" to the south of 66°N (Diva. 1BCD and OB) in the
Davis Strait in October -early November. In this period tempe-
rature and salinity measurements were made at standard depths
of 43 episodic and 24 regular stations along the sections 34-4A
and 11-4 (Fylla Bank-Cumberland). Position of these sections is
shown in Fig. 1.

Oceanogrephic conditions in the Davis Strait are formed under

the influence of water masses with two types of verticel struc-
ture - arctic and subarctic. Waters with arctic type of structure
enter the Strait with the Baffin Land Current and are, mainly,
distributed in the area with depths above 500 m, Waters of this
type were characterized by varietions in temperature vertiecally
from -1.7°C to 1.4°C and salinity from 31.2 to 34,2 psu.

Temperature and salinity variations in waters with subarctic
type of structure occurred within 0.2-6.2°C and 32,5-34,9 psu.
Waters of this type occupied deepwater southeastern and eastern
parte of Davis Strait.

Arctic frontal zone was a physical boundary between the waters
with the mentioned types of wvertical structure. In 1990 it was
located in the western part of the Strait more off-shore than

in previous years and passed over the 700-1000 m depths. In the

eastern part of Davis Strait the frontal zone is referred to
the 400-600 m isobaths.

The pattern of temperature and salinity distribution in the
S5trait area abound with intrusion of water masses of different
types is indicative of marked vorticity of the current fielad.

A complicated structure of the western Strait waters is distinct-
1y seen in grapha of verticel temperature and salinity distribu-
tion on Cumberland section shown in Fig. 4.

A comparative analysls of water temperature distribution on
Cumberland (Fig. 4) and 34-A sections snd water temperature
fields in Div. OB (Fig. 5b) in 1990 and 1989 showed up the
following peculiarities:

- water tehpefature in the O~50 m layer was, on the average,
1.3°C lower than in 1989;

- mean water temperature in the 50-200 and 200-500 m layers
on Cumberland section in 1990 was higher thun In 119689 by 0.6
and 1.0°C on the shelf and by 1.6 and 0.3°C on continental slope.
Temperature in the near-bottom layer increased considerably as
well (¥Fig. 5b). ‘

- nesr-bottom water temperaturs in /1990 was lower than in
1989 over greater part of slope and im the trough of Hudson
Strait.
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The marked témperature rise in intermediste layers on the Baffin
Lend shelf indicates the incressed advection of heat contributed
to this area by the Irminger component of the West Greenland
Current.

Temperature conditions in Subarea 2 in the autumn period

Oceanographic observations were carried cut by RVe "Kapitan
Shaitanov" and "Vilnius" on the shelf and continental slope of
labrador in September-November. Water temperature and salinity
mneasurements were made at standard depths of 15 epimodic sta=-
tions in Divs. 2G and 2J and 17 stations on sections 8-A and

28 A (Fig., 1).

Data on vertical distribution of water btemperature and salinity
cbtained as a result of observations allow to characterize a
thermohaline structure of waters in the area as a component of
subarctic and arctic types. Flots of temperature and salinity
distribution on section 8-A illustrate the scheme of thermo-
haline structure and are shown in Fig. &.

Since 1964 observations over the section creossing the Labradox
Current off the Hamilton Bank have been conducted regularly by
the PINRC vessels in autumn., Long-term mean velues of temperature
and salinity for each depth at all stations of the section were
Iestimated for 1964=1986. Distribution of their anomalies on the
section (Fig. 6) allows to draw a conclusion about essential
cooling of the Labrador Current waters.

Long-term mean temperature variations in different layers and
branches of Labrador Current in the Hamilton Bank area are shown
in Fig. 7. In 1990 mean temperature in the 0-200 m layer of the
Current cold component was 0.6°C lower than the long-term mean
one and 1989 temperature (Fig. 7a). Temperature in the sane
layer of the Irminger component was also 0,6°C below the norm
and similar %o that in 1989 (Fig. 7b). Anomalies in the 200-500
and 500-1000 m layers made up -0.2 and -0.3°C respectively (Fig.
7 c, d).

Tempersture conditions in Subarea 3

Oceanographic observations were cerried out by RV "Persey~III"
from March to June and by RVs "Kapitan Shaitanov" and "Vilnius"
in September .and .November-December., During the RV "Persey-III"
cruige standard observations over the temperature and salinity
were made at 354 episodic stations of the Newfoundland shelf
and Flemish Cap Bank. According to the data from .this survey
water temperature values were calculated in the near-bottom




layer in points of regulsr half-degree grid and their deviations
from the long-term mean values were estimated for 1972-1986
(Borovkov and Tevs, M3 1988). ;

According to these estimates water temperature practically over
the whole Newfoundland shelf in March-May 1990 was below the

norm (Fig. 8a) and the previous year level. The highest negative
anomalies exceeding 2°C were registered on the south-western and
southern slopes of Grand Bank., Slight positive anomalies were just
observed in local areas of continental slope in Divs., 3K and 3L.

Near-bottom water temperature anomslies (A) were compared to the
corresponding values of root-mean~square deviations (S), which

is the measure of year-to-year variations in near-bottom tempe-
rature, to characterize their significance. Standardized anomalies
(A/S) obtained were divided into 5 classes:

mich above the norm A/S Y 1.5
sbove the norm 0.5 ¢ A&/8 & 1.5
the norm -0.5 & A/S ¢ 0.5
below the norm -0.5 » A&/5 3 ~1.5
much below the norm A5 ¢ =1.5

Distribution of standardlzed temperature anomslies is presented
in Fig. 8b and, in general outline, corresponds to the distribu-
tion of absolute apnomaly values. The most essential water cooling
in the near-bottom layer relative to the long-term mean tempera-
fure with allowance for year~to~year variations was observed over
Grand Bank at the depths less than 200 m and in local areas of
continental slope in Divs. 3K and 3L,

Fig. 9 presents the long-term mean variations of the near-bottom
temperature in separate areas of Newfoundland shelf. As is seen
from the Figure the mean temperature in Divs. 3NO and 3KL was
1.6 and 0.7°C below the norm for 1972-86, respectively.

The area of Divs. 3N0 occupied with waters having temperature
"below the norm" and “much below the norm" exceeded 90% of total
arga of Divisione. In Divs., 3KL the ares increased from 45% in
1989 to 80% in 1990. There was no analogous strong cooling of the
near-bottom waters for the whole period of observations on the
Newfoundland shelf since 11971.

In autuun 97 episodic stations were made on the Newfoundland shelf,
In September the surface water temperature on the enstern slope of
Funk Islond Bank was, on the average, 1.5°C iower than in 1989.
There occurred relative increase in vertical thickness of a cold
intermediate layer and lower temperatures were observed in the
layer. Water temperature in the 250-800 m and near-bottom layers
was 0.5-0.7°C and 0.1-0.4°C higher than in 1989, respectively,
which is indicative of the increase of heat advection at the depths.
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Table 3 lists values of near-bottom water. temperature,averaged by
Divs. 3N and 30, and area of these Divisions occupied with waters
having different temperature in the autuun period. As is seen from
the Table the moan temperature in 1990 was much bigher than that of
two previous years. Heabting in Div. 30 followed the reducing of area
occupied with negative tenperature waters. .

Geostrophic circulation on the Newfoundland shelf in spring-summer

Estimations and charts of the sea-surface dynamic topography were
made according to the methods described in Borovkov and Kudlo (MS
1982) to elucidate qualitative characteristics of water horizontal
circulation in a surface layer. Results from detailed surveys in
Divs. 3EKLNQ in spring-summer served as primary materials.

Fig. 10 presents a kinematic scheme demonstrating the combination
of jet stream over the Grand Bank slopes with retarded circulation
in the shelf area.

The jet stream veloclity corresponding to the Labrador Current Main
branch was maximum in the eastern slops of Funk Island Bank. 4 Beries
of dynemic formations of different vorticity was pronounced over

the shelf, among which the anticyclonic vortex localized on the
southern Grand Bank had the largest dimensions. A general anti-
cyclonic vorticity of current field was observed over the Fle-

mish Cap Bank. '

It follows from comparison betwsen water circulation schemes in
spring 1990 (Fig. 10) and 1989 (Borovkov and Tevs, MS 1989) that
current velocity was slower in 1990 in the north-eastern and
eastern Grand Bank slopes. Dynamic height values were lower in
the area resulting from relative increase of water density due
to water mass cooling. Anticyclonic meander was less pronounced
in the Funk Tsland Bank area and no material change was found
in the position of quasi-stationary anticyclonic vortex and
direction of its major axis on the southern Grand Bank.

Jce conditions

In autumn 1989 ice formation in the Davis Strait started in
November while in the Labrador Ses - during the first ten days
of December and the process was very intensive. Already in early
January 1990 the whole Labrador shelf was covered with ice and
during the third ten days the ice cover reached northern slopes
of Grand Bank. Overall ice coverage of Labrador Sea exceeded

the norm by €% in Jenuary. In February the area of drifting ice
continued %o increase and southern edge of ice reached 46°N.



In March the ice cover of laebrador Bea snd Davie Strait exceeded
the norm by 15-20%, 1ts southern eodge was situated 180-200 miles
more scuthward thsn usual,

In April the area of drifting ice started to reduce rapidly in
the Labrador Sea and by early May the whole Grand Bank area was
completely free of ice. Southern edge of drifting ice lied at
50°N in this period though even in June the ice cover of Labrador
Sea 8%1ll exceedsd the norm by 13-17%.

The Labrador shelf was entirely free of drifting ice in the
second half of July. In the Davis Strait separate ice fields
remained until mid-September.

In autumn the ice formetion started in the Labrador Sea during
the last ten days of November.

CONCLUSIONS

In autumn-winter 1989-90 the intensification of cyclonic activityin
the North Atlentic was followedbyextremely deep cyclonic depression

over lceland and anomalously high recurrence of north winds over
the NW Atlantic areas. Due to the increase in cold air advaction
the winter anomalies of mean monthly air temperature made up =8°C
in the ares.

Ancmalously low air temperatures led to a strong water cooling
end intense ice formation. Overall ice cover in the Labrador Sea
and Davis Strait exceeded the long-term meam by 15-20% in this
period,

Mean near-bottom water temperatures were 1.6 and Q,7°C below

the norm in Divs, 3NO and 3KL, respectively, in the spring perioad.
The area occupied with near-bottom waters having temperatures
"below the norm" and "much below the norm" exceeded 90% in Divs.
3NO and 80% in Divs. 2KL. No anaslogous strong cooling of the near-
pottom waters hes been registered for the whole period of observa~
tions carried out on the Newfoundland shelf since 1971,

In autumn 1990 the. ses surface water temperature in the Baffin
Land area wes, on the average, by 1.3°C lower than thet in 1989,
A relative temperature rise by 0.6 and 1.2°C was observed in the
50-200 and 200-500 m layerse on Cumberland section, respectively,
which was associated with intrusion of subarctic waters to the
Baffin Land shelf,

The Labrador Current water temperature wag, in fact, 0.3-0.6°C

below the norm and 1989 level throughout the whole water column
in the Hamilton Bank area.
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In Novemben—Decemher the near—bottom waters in Divs. 3NO and

deep waters in the 250-800 m layer in Div. 3K turned to be warmer
than in 1989, .-
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In NovemharbDecamhsr the naar—bottom waters in Diva, 3NC and

deep waters in the 250-800 m layer in Div. 3K turned to be warmsr
than in 1989.
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Fig. 1 Boundaries of NAFO Subareas (1) and Divs. (2),
position of regular grid points where the data
on mean monthly temperature in the sea-surface
layer (3) and on standard sections (4) were ob-
tained in the NW Atlantic.
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Fig. 8 Distribution of anomalies (A) and standardized anomalies (B) of the near-bottom

/

Newfoundland shelf in spring 1990

1 - much gbove the norm; 2 — above the norm; 3 - the norm; 4 - below the norm;

water temperature on the
5 - much below the norm.
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Fig. 7 Mean water temperature anomalies (°C) in the 0-200 m
layer of cold (A) and in the 0-200 m (B), 200-~500 m

(C) and 500-1000 m (D) layers of Irminger components
of the Labrador Current.
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Fig. 9 Anomalies of mean near-bottom water temperature (°C)
in Divisions of the Newfoundland shelf in spring.
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Fig. 10 Dyriamic topography of sea surface i‘elative to the
2  MPa level in spring 1990. Dynamic height
isolines are drawn in 2 cm distance. :
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