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INTRODUCTION

The paper includes analysis of oceanographic conditions in the
North West Atlantic specific Subareas for 1991 baSed on the
materials obtained during the 1nVEstlgat10ns carried out by PINRO
in spring-summer (Subarea 3) and autumn (Subareas 0,2,3) periods.
Besides, data on sea surface temperature regime and ice condi-
tiong in the North West Atlantic, borrowed from national hydro~
meteorological centers, have been used,

Trends of variations in oceanographic conditions in recent'years
have been evaluabed and comparison of them between long—term
mean characteristics done.

MATERIAL AND METHODS

Observations over temperature and salinity were done during
PINRO cruises by irregular grid of trawl stations and along
standard sections 1-A (SW-Grand Bank), 2-A (Coast Guard - 4)
4-hA, 64 (Flemish Cap), 8-4, 34-A and 38-A4, Flg.1 gives a p031~
tion of these sections.

The observations were done by standard methods presented in
preceding papers (Borovkov and Tevs, 1989, 1990, 1991).

Some of the oceanographic stations, occupied in autumn period
(Subareas O and 2), were done by MGI-1201 CTD-sonde, measuring
hydrostatic pfessure, temperature and relétive conductivity of
sea water.




To characterise a thermal state of surface layer waters the
data on mean monthly temperature anomalies in régular grid po-

ints, produced in charts by the USSR Hydrometeorological Center.

A part of the given grid points for the area surveyed is presen-
ted in Pig,1, Long-term mean values for 195?-1971 were used
to calculate temperature anomalies.

Analysis of ice conditions in the NW Atlantic was done by mate-
rials obtained from Hydrometeorological Center (Murmansk).

SEA SURFACE TEMFERATURE

For convenience sake when analysing the data on tempefatﬁré ano=
malies of surface layer were divided into three classes —"above'
the norm", "the norm" and "below the norm". Boundaries between
the classes were chosen conventionally - and referred to 10 and‘

190¢ anomalles.

To judge_by results from classification (Zable 1) during 1991,
except August, temperature values, corresponding to “the norm",
predominated over Subareas .2 and 3. Their recurrencée during a

‘Year for the whole set of regular grld points made up’ 835%. In _
Avgust essential nemative water temperature anomalies of surface‘

layer resultlng from extremely late completion of ice season,

. were observed in the southern part of Subarea 2 and practically

over the whole area of Subarea 3,

The recurrence of surface water temperatures from differéﬁt'clasf_'

ses in Subareas 2 and 3 for recent years is given in Table 2..
As evidenced by the data listed in Table, a rise in‘temperature'
of surface layer from 1986 to 1988 was observed; considerable
(1.5-2 times) recurrence increase in temperature from "the norm"
and "above the norm" classes and decrease in temperatufe recu-—
rrence from "pelow the norm" class are jndicative of this. The
1989 and 1990 were characterized by a cooling 1n a surface lay-
er, béing the most essential in Subarea 2 .in 1989 and in Sub-
area .3 -~ in 1990, The'recurrence of temperétures from "below
the norm" class has increased by more than twice for that pe=
riod in both Subareas and, respectively, much reduced for

"the norm" and "above the norm" classes. |

In 1991 an essential rise in surface layer temperatire took
place in both Subareas, Temperature recurrence from "below the

norm" class  has reduced relative to that in 1990 more than

twice. Temperature. recurrence of. "the norm" class much 1ncreased,
however, it remained at a very low level in "the abOVe the
norm" class.
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TEMPERATURE CONDITIONS IN DIV.GﬁZ
(BAFFIN LAND) IN AUTUMN PERIOD

Oceanographic observations were carried out by RV "quitanf
Shaitanov" in the Davis Straight within the Canadian fishing !
zone to the south of 66N in November. 5% casual stationa

and 7 stations along the 34-4 section in latitude of the
Resclution Islané have . heen ocupiéd in this area (Fig.1).Wa=-
ter temperature with a vertical structure . arctic type prono-
unced along relatively shallow (below 500 m) areas, varied ver-~
tically from -1.6 %o 1.5°C and ‘and was lower in mid-water '
compared to 1990. Considerably relative cooling of waters was
observed in the Hudson Strait . 7 '

In, the zone of subarctic type of vertical structure in a deep—
water south-east of Subarea water temperature varied verti-
cally from 3.4 to 5.2°C. Intermediate maximum temperature was
registered in a layer 4100-600 m and was typical of this
structure in autumn periocd. In the upper 300-m layer water
temperature was much higher than in 1990. The highest rise in,
temperature {(to 4-5%C) was observed in the section between
63 and e4ON., o

Frontal zone between water masses with the types of vertical

structure mentioned, shown by thicker distribution of iso-
therms, was proncunced over 300-5300 m depths and was characte-

‘rized by the highest gradients in the section from 62 to 64°N.

A chart of distribution of water temperature in bottom layer is
given in Fig.2A. As indicated by Figure, negative water tempera-~
fﬁres were pronouhced in the coastal area below 306 m depth. Wa-—
ter temperature in a bottom layer over 500 m depths practically
everywhere exceeded 3®C. Comparing this chart to those for tempe-
rature distribution for previous years (Borovkov and Tevs, 1990,"
1991} a reduction in area of waters with negative temperature on
the Baffin Land Shelf and increasing of area of warm waters with

. the above 3°C temperature , especially essential in the Hudson

Strait deep, should be noted,

Tendencies to deviations in a bottem iayer water temperatures from
autumn 1990 to autumn 1991 are shown in Fig.2B, The Figure indi-
cates a cooling in bottom layer waters in the Subarea shallows

and northern part of the Hudson Strait deep in the period menti-

‘oned. Somewhat rise in temperature was registered in deepwaters

of the Subarea. The highest rise in temperature took place in the
Greenland-Canadian overfallwhere temperature in bottom waters
was higher by 1"C against 1990,



TEMPERATURE CONDITIONS IN SUBAREA 2.
IN AUTUMN PERIOD

Oceanpgraphic observations were conducted by RVs "Kapltan Shaita-
nov" and "Vllnuls" on the shelf and contlnental slope of Subarea 2
in September-November. In %total 105 causal stations and 17 sta~
tlons in the B8-A and 38«4 sectlons , the position of whlch is gi~
ven in Flg.1, have been ocupled in that perlod.

Distribution of temperature and salinity in the 8-4 section ,‘croe-
ging the Labrador current in the Hamilton Bank area, ‘are well de-.
monstrated by the hydrographic condltlons in Subarea (Flg 3)..

The same Figure includes the dev1atlons in temperature and sall—
nity from the norm calculated for 1964—1986.

As can be seen in the Figure, temperature of the surface 30-m la-
yer exceeded the norm by 0.4-0.69C in the whole gection. Sallnlty
in this layer was below the norm, and negatlve dev1at10ns in sallnlty
exceeded O 5 psu at 14—17 stations. ' :

Gold intermediate layer (CIL), typicel of water mass with the arc-
tlc type of Vertlcal structure, was pronounced in the range of
"depths from 50 m to the bottom in the Labrador- Current Coastal C
branch (section A, 20-23% stations). Water temperature in this 1ay—i
er was by 0.2-0.6%C lower than the norm. In the Main‘oranch (sec-

© tion B, 16—19 ‘stations) and Irmlnger component of the Labrador ‘Cur-~ "
_rent (sectlon ¢, 5~15 stations). CIL occupled the depths from 30

to 150 m. A core of CIL was in 50—?5 m layer. Water tempereture in
the core was below 1°C , which was by 1.3-2,09C lower thah the norm.

In bottom layer of the Labrador Current Main branch temperature
and salinity were extremely high, and exceeded the long-term mean
values by 1%C and 0.5 psu and mere &t outward edge of the shelf.

Water temperature at depths over 300 m in the Irmlnger component
was by 0.2-0.58C lower than the norm. :

Anomalies of mean Water temperetures by layers in the Labrador Curr-
rent separate branches are presented in Fig.4 for 1964-1991. The
Figure shows a risé in temperature which has reached the norm in
1991 in the upper EOQ—m layer of the Labrador Current ‘cold:oompo—
‘nent (section AB) and in the 200-500 m layer of the Irminger. compo-
nent (seotion C). Mean temperature Tremained at the level of previ-
ous year in’ the 0-200 and 500-1000 m layérs-of the Irminger compo-
nent what was below the norm by 0,3-0, 490 :



TEMPERATURE CONDITIONS IN SUBAREA 3

Oceanographic observations were conducted in Subarea 3 by REV'Vil-
nuis" in April-June and NOVember—December, and by RV "Kapitan
Shaitanov" - in Beptember.

183 causal were occupied by RV "Vilnuis" in Divs. 3ILNO and 3M , as
well as 28 stations in standard sections 1—A;_2—A,'4—A'and'6—k‘
{Flemish Cap) in spring-summer (Fig.1). No oceanographic observa-
tions were done due to heavy ice conditions in Div,3X, - ‘

Distribution of water temperature in a botton layer in spring pe-
riod is presented in Flg 5A., The Pigure indicates the most part of
- the Grand Newfoundland Bank to be occupied with negatlve tenmpera-
ture waters. Even on the southern slope'of the bank the temperature
below ~1%C was regigtered which showed an extremely hlgh intensity

of the Labrador Current. Such situation has heen noted only once
(in 1990) since 1971. Positive temperatures were noted deeper 250m
on the Grand Bank slope .and in the shallows, . :

Deviations in temﬁeratures fﬁom the norm for 197121990 - have been
estlmated by, values for water temperature , 1nterpolated in- p01nts
of regular half-degree grid (Tevs, 1991)

To characterize significance of anomalies their‘comparison between
corresponding values of mean-square deviatioms , being a measure of
year-to-year temperature variations, has beeﬁ-done, A5 a consequ-
ence, standardized anomalies obtained (4/S) were divided into 5
classes:

-~ much above the norm A/S > 1.5
- above the norm 0.5« A/8<= 1.5
- the norm . -0.5¢ =A/8<= 0.5
— below the norm 0.5 > A/B82 =20,5
- much below the norm A/SX -1.5

Distribution bf the standardized temperature‘anomalies is given in
Fig,5B. Most part of the bank (about 66% of its area) was occupied
by waters with "below the norm" and "much below tke norm™ tempera~
“tures, Waters with "the norm" 't;empera_tures occupied about 20% of
the bank area and predominated in Div.3N where they accounted

for 60% of the Subarea over the bank., Waters with "above.the
‘norm” and "much above the norm" témperatures were registered

cnly in tke local - sités  of the Grand Bank southeastern and
northeastern slopes. '

Fig.6 presents deviations of-mean water temperatures in bottom
layer by specific Subareas, estimated for 1991-1990. As indica-
ted by ‘Figure bottom temperature on the Grand Bank was much be-
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low the norm during recent three years, Peak of cocling in Divs.
AN and 50'was registered in 1990. In 1991 & rise in temperature
took place in these Subareas and mean temperature in bottom lay-
er increased by 0.7-1.0°C, bowever, it remained by 0.4 and'O'SUC'
below the norm. Mean temperature in bottom layer 'in DlV 5L rema-
ined at the level of abnormally cold 1990 and was below the norm'
by 0.7°C. On the whole, water temperature in a bottom layer on
the Grand Bank (Divs:3LNQ) was by 0.79C below the norm, hOWeVer,
by 0. 5"C higher- against 1990. :

In September 15_oceanographic shations‘haﬁe been done by'R? "Ka—
pitan Shaitanov" in the Funk Island Bank eastern slope. Water
temperature. was higher in the whole_mid—water ccmpa:ed'to 1990.[
The highest rise in temperature (by 0.8°C on the average) was
registered in a cold layer at 50-150 m depths. Water‘temperature
was on the average by 0.3-0. 49C higher in  surface BO—m and :
200—500 m layers , compared to a similar perlod 1990. '

In November 51 causal stations heve“besn occupied by RV "Vilmais®
on the Grand Newfoundland Bank. Mean temperature and per cent of
the area occupied by waters with dlfferent temperatures were cal-

‘culated for Subareas observed using: the’ water temperature Values
1nterpolated inko the points of regular half—degree grld Table 3
includes results from the calculatlons. :

As can be seen in the Table, move’ than' a half of the avea (Dive.

3L and 3N) covered was occupied - . by waters with negative tem~ .~
peratures. Mean water temperature in a bottom layer was puch lo~
wer than in 1990 and the lowest for a period since 1986.

Ag for Div.30, the area witk negative water temperatures was also
much larger against 1990, however, due to a high temperature in

a central part of Div, the mean temperature occurred to be at the
1988 and 1989 level, and twice lower compared to 199Q, ‘

Oceanopraphlc -conditions observed in the Grand.Newfoundland Bank
are in autumn period have, on the whole, been the coldest aince
1986, - ) '

If in 1990 , after abnormally cold conditions in spring the tem—
perature conditions in Dive.?N0 in autumn perlod were close to '
the norm,then in 1991 , after rather cold winter and sprlng y bther—
mal state c¢f waters in bottom layer remained at the extrem%ylow
level in autumn as well. )

v

GEOSTROPHIC CIRCULATION ON THE NEWFOUNDLAND
SHELF IN SPRING-SUMMER PERIOD

Calculations and charfing of sea surface dynamic topographj over
" the Grand and Flemish Cap Banks have been done to.elucidate



quelitative characteristic of horizontal circulatien in a surface
layer by the methods developed by Borovkov and Kudlo (1982).
Results from detailed surveys conducted in Divs.3INO and 3 in
spring-summer period were taken ag initial materials for the cal-
culatiouns. ' ' '

Cilnematic ' schemes of horizontal circulation on the Grand
Bank in the periods from 27 Aprll to 6 June (A) and from 6 June
to > July (B) are given in Fig.,7.

As indicated by Fig.7A the circulation in a period from 27 April
to & June over the Grand Bank was characterized by a combina-
tion of streamy current over the bank slopes, corresponding to
the Labrador Main branch Current, with a retarded circulaﬁion
over the bank itself, The current had maximum velocity in the
'FlemlshrPass deep western slope. A4 number of - dynamic formatlons
of different vort101t1e§9mong which anticyclonic vortex in the
south of the bank and cyclonic meander in the northern part of
Div.3L had the highest geometrical dimensions , was pronounced
over the Grand Bank, ®eneral anticyclonic vorticity of current
field was observed over the Flemish Cap Bank.

When comparing schemes of circulation for 1991 spring period to
those similar for the previous yeara (Borovkov and Tevs, 1989 ,
1990, 1991) a general rise in dynamic level was noted, which re-
sulted from a relative decreage in water den51ty due to a conside-
rable water softening in surface layer as a result of ice nelting
which was more plentiful compared to previous years. No cyclonic
meander has been noticed in Subarea 3L in preceding Jears.,

In June (Pig.7B) the anticyclonié vortex in the south of the Grand
Bank was formed in two centers and its southern boundary shifted
to-the north. 4 flow of the Labrador Current Main branch, carring
relatively cold waters over %o western- direction considerably
intensified over the bank "tail", '

ICE CONDITIONS

Tce coverage in the Labrador Sea started in the third decade of
November 1990 in a narrow ccastal strip of the Northern and
Central Labrador. Ice covering processes followed very 1nten51vely
and the drifting ice edge attained the Grand Bank northern glopes
by the end of January 1991, Mean ice.coverage in the Labrador Sea
and Davia Strait exceeded the norm by 10-17% for January—March.

In April—May the ice conditions remailned nery heavy and total ice
coverage in the Labrador Sea and Davis Strait exXceeded the norm
by 15-168%, It was especially high off the Grand Bank where a posi-
tion of the southern edge of drifting ice was clogse to the long-
term maximuom, '
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In July the ice coverage in. the Labrador Sea exceeded the norm
twice and even in August the drlftlng ice was noted in a narrow
coastal strip of the Labrador. The main mass of ice was registered

~ to the north of 65“N and %o. the west of 60°W in the DaV1s Strait

1n that perlod.

In autumn the ice covering in the Davis Stralt commenced in Novem
ber and was characterlzed by essentlal 1nten51flcet10n. In the Lab-
rador Sea ice coverlng gtarted in the first decade of December in

a narrow coastal zone in the whole Labrador Penlnsula up to Bell—l
Isle Btrait., In December mean ice coverage in the Labrador Sea and
Davis Strait exceeded the norm by 6%. I

CONCLUSIONS

Water temperatire in a surface layer in NAFO Subareas 2 and 3 was’

_close to the norm Guring the most part of “1991. Only in August

conszderable negative temperature anomelles were noted in the

.Southern part of Subares 2 and practically all over the whole

Subarea 3.

In sprlng bottom temperature -of waters on the Grand Newfoundland
Bank was much (orn the average by 0,7°C) lower than the norm. how-
ever, higher against 1990. Compared %o the 1990 spring period ‘
.the most essential rise 1n‘temperature took place in Divs.3NO"

{oy 0.8-1. 0%¢C). Bottom temperatures remained at “the level of gb-.
normally cold 1990 and were, on the average by O 8"0 lower “than'

" the norm 1n DlV EL.

In autumn perlod mean temperature of bottom waters on the Grand
Bank was the Jlowest for recent 7 years, .

A cooling of waters over the shelf in Div,(B and rise in tempera-
ture in its deeper north-eastern andlsouth—eastern areas took
place in the period from the éutumn.1990 to the autumn 1991.

In Subarea 2 in the same period a shifting of frontal zone %o the
west ‘between the waters with arctic and. subarctlc types of ver-
tical structure and input of waters with higher temperature and-
salinity on the shelf were noted. Anomalies of these characte-~
ristics reached 1%C and 0.5 psu‘on‘the Hamilbon Bank‘eestern
slope, L :

:In autumn water temperature in the upper 200—m layer 1n “the- Labra-‘
dor Current cold component on the 8-A section . exceeded the preV1ous
year level by 0.7°C and reached the norm. Mean water ‘temperature

in the 0-200 and 500-1000 m layers of the Labrador Current Irmin-

" ger component remained at the 1990 level and was by~0.5-0,4°0

lower than the norm.
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The 1991 was characterized by heavy iee conditions. Ice coverage
in the Labrador Sea exceeded the norm by 13-18% during the most
part of ice season. In Aprll—May a position of drlftlng ice edge
off the Grand Bank was close Yo the long-ternm max1mum.
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© Table 2. Recurrence of classes of water temperature
in a surface layer in NAFO Subareas 2 snd 5

in 1986-1991 \%) .

- e e as me e s e e e e o e e o e e am m e - - = -

Class above the norm _i the norm belaw the
NAFO Subareas 2 3 ?+8 : 2 , 3 2+3 2 3

I986 5 8 7 56 49 52 39 43
1987 2 I4 . IQ 71 68“ 6S 27 I8
1588 4 21 IS 8 66 - 73 I0 I3
1983 2 I8 13 75 64 68 23 I8
1990 I I2 8 75 B8 64" 24 30

2 8 5 87 8 .8 -~ II ‘I2

Table 3. bUlean Water temperature in a near—bottom layer by
divisions and their srea (%), OCCupled by waters.’
with different temperatures in autumn 1986-1991

— e e e T o e o o —w mer S mm mer M T Ak e M G M A Em mm e e e S e A

Mean " Area (%) with the temperature

— et wma

‘temperature‘(“cj below ~1"C '. - below O"C - above 3"C

_—--——--..—...--- _._..—...—.-—._._.—._—._._—._—-._._.____-

1986 0.62.42.415 0 0 0 0 2 5 0 I9I0. 4339
1987 0.31.6I,20.7 0-0 0 O 5319 I7 41 3 I01II
1988 0.2 2.01.50.7 23 5 6 14 '52I0 II 38 2 33 1II
1989 0.2 2.2 1.5'0.8 32 5II 23 5514 I7 41.I0 29 I7
190 - 2030 - - 00 - =-I4 6 -~ - 2950
I99I -0 30.4 I.50.2 39 C O 28 7757 28 62 0 528
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Fig. 1 Boundaries of NAFO Subareas (1) and Divs., (2),
position of regular grid points where the dsta
on- mean monthly temperature in the sea—-surface

layer (3} and on standard sections (4) ware ob~
tained in the NW Atlantic. - :

Fig. 2 Distribution of temperature (A} andg temperatur;e ancm.:al.:‘.e-s

relative to 1970 leve! (B) in the near-bgttom layer on the.
Baffin Land shelf in November 1991..
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Fig. & Anomalies of mean near—bottom Watef temperéture (°cyr in
Divisions o-f’\\ the Newfoundland shelf in spring.
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Fi2, 7 Dynamic topography of 5ea surface relative to the 2 MPa level
in 1391, Dynamic height isclines are drawn in 2 dituom diztancs..
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