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Dats cn monthly values of stmospherlc pressure at ‘sea level tem—k
T perature in’ a surface alr layer and thelr anomallea for ,the; Nort-a:
T hern nemlsphere ‘are charted in the hydrometecroloelcal Center ‘
-'F(Moscow) Long-term mean monthly values ‘of. atmospherlc pressure

ased on’ tne data for. 1931 1960 Were taken as s'x«

and temperature

layer.‘A”part cf the grld p01nts concernlng wzth the area surveyed
le shown 1n Flg 1 Long—term mean monthly values for 19“7~1071 are.
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An attempt tc select the years,'S1mllar by a character of deve-' R
lopment tc the baric processes in 1988 on the base of the datar.'g :
“for 1955—198? has elucidated none of the yeers from thls eerles : f L
! to be'similar .t0.1988 to-a certain extent (V.M. Bulaeva, Hydro- B
Meteorologlcsl Institute Lenlnprad personal ccmmunlcatlon)

‘Alonv Wlth an 1nten31flcatlon of Iceland and Azores centers of
watmospherlc effect an. extremely low, background of atmospheric

B pressure over the’ Iworweglan—Greenland Basnl waé observed’ early

3 1n 1989 angd: the ‘mean monthly enomdlles of atmOSpherlc pressure"yﬂ”
- over Greenland conatltuted A2 hPa in Jenuery-March
"(Flg.E) eAn intensive merldlonalﬁ

et

air exchange has ‘taken plsce :
alone ‘thewestern ‘and eastern perlpherles ‘of ,this depressmon. e

'AIn Apr1l-July the flelds of mean monthly atmospherlc pressure . .’
~over the Northweat Atlantlc have been characterlzed by ‘relati-

. valy minor ancmalies, beelng varied frcm =4 ‘hPa over “the - southF
ern Grsenland to & hPa fto the east of the Newfoundland. Hegstlve




anomalies 2-4 hra were predominant in the southern area from
July to October and insignificant positive ones - in the south—
_ern part.

In Novemb8¥é€hga§§dgfﬁith a conside#ably lowered backzround of.
atmospheric pressure began to ferm with the mean monthly anoma-
liea of atmospheric pressure beeing reached to -6 hPa over the
Labrador. In December the center of depression shifted to the

east and negative anomalies reached tc 14-18 hPFa off ths ¥lemish
Cap Bank,

Air temperature

Powerful northern air flows predeminant over the northwesfern
Atlantic Ccean in Jenuary-March caused essential ccoling in that
area snd mean monthly values of temperature in the surface air
layer over the Davis Strait and Labrador Sea in that period were
by 2-6°C lower than a norm (Fig.3), The peak of cooling has been
registered in March, :

From April %o October air temperature ovsr fhe most part of the
Northwest Atlantic differred from the norm insignificantly. Posi-
tive anomalies over the Fewfoundland and Southern Labrador and
negative ones over the Northern Labrador and Davis Strait have

besn predominant.

Tn November-December "a seat" of cold was formed over the North-
west Atlantic; msan monthly Temperature of air over Hovaya 3co-
tia was by 6°C end over Newfoundland - 4°C below than the neorm.

Oceanographic observations
Sea-zurface temperature

For ceonvenience in analyses the data on temperature anomalies of
sea-surface layer avallable for 1989 were separated into 3 clas-
seg: "above the norm", "the norn" and "below the norm"; the boun-
daries betwesn them wers chosen arbitrarily and referved to the
values of temperature anomalies - 1°C and 1°C.

To judge by the results from the 1989 classification (Table 1)
temperature values corresponding to "the nori" were predominant

in Subareas 2 and % end their recurrence noade up 68F (o the whole
set of regular grid points during the year. As for Subarea 2 .
(points 1-7) the recurrence of fLemperature for this-clasa nade up
75 and 64% for Subarea 3 (points 8-19). Relative shortage of heat
was mainly observed in the first half-year in the off sea area ‘
investigated {peints 2, &, 10 and 13}, occcupied with the waters

of subarctic type of vertical structure. "The norm"-temperatures
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were predominant during the year over the Grand Newfoundland
Bank and %o the south of it {(points 12, 15, 18), however, in
autumn months (September-lNovember) the bemperature of sea-surface
layer in the area was above the norm.

Table 2 presents the recurrence of the sea-surface temperature
from different classes in {ubareas 2 and 3 durineg recent years.
As can be seen from the Table mean annual bemperatures in the
sea-surface layers were increasing fron 11986 to 1988; as evi-
denced by essential increase of recurrence of "the norm" and
"abdve the norm" temperatures and decrease of recurrence of
"below the norm" temperatures. In 1989 the temperature of sea-
surface layers has decreased as evidenced by a gZrowing Trecur-
rence of the "below the norn" temperétures. Thermal state of
ﬁater in the sea-surfacs layers from the Northwest Atlantic in
198% was close to the level of 1987 in mean annual aspect.

Thermchaline water structure in the Davis Stréit

Oceanographic observations were conducted by RV "Kapitan Shaite-
nov" in the Davig Strait to The scuth of £6°N within the fisgh-
ing rone of Canads in October. Temperaiure and salinity measure-
ments were made at standard depths of 43 randon and 15 standard
gtations along the sections 34~4 and 11-4 (Cumberiand). Fcsitions
of these staticns are given in Fig.1.

Oceanographic conditions in the Davis Strait are formed under
the influence of water masses with two types of vertical struc-
ture - arctic and subarctic. Waters with arctic type of vertical
structure enter the Strait with the Baffin Land Current and are
mainly distributed in the depths below S00 m, Waters of this
type were characterized by variations in temperéture vertically
from -1.7°C to 1.0°C and salinity — from 31.0 to 34.0psu.

Temperature variations in waters with subarctic type of verti~
cal structure were registered from 0.5 to 4,1°C and salinity

= from 3%2.2 to 34.9 psu. Waters of this type are formed as a
result of mixing of waters from the Fast-Greenland and Baffin
Lend Currents with waters from the Irminser Current and cccupy
the deep—watef southeastern area investigated.

Arctic frontal zome observed at the 400-600 m. depths, was a
bhysical boundary betwesen the waber masses with the mentioned
types of vertical structure. Fig.4 presents vertical distribu—
tion of température and salinity in the western area of the
Bavis Strait (section Cumberland).

Comparative analysis of fields of water temperature and salinity
for 1989 and 1988 has elucidated an incresse in bhese characte~
ristics on the average by 0.5°C znd 0,15 pSuU. in the surface




(// 30=-50-meter layer in a narrow zone at the Baffin Land. This was o
" regsulted from essentlal radiatvtive heating in spring-sumner. GCon-— 1

/,//" siderable shortage of heating was registered in the lower layers : f
. - over the Bafiin Land Shelf, Mean water temperature in the Baffin Eﬁj
Land Current in 50-200 m layer on the section Cumberland was by fﬁ@-
0.4°C lower compared to 1988, Fig.4 presents deviations in tem— Es %

mid-water was much lower than in the previcus year, Mean water
temperature in 0-200 m layer in this arca was by 1.2°C and in ' : §3*1
200500 m - by 0.6°C lower than in 1988. In a near-bottom layer ' :
water temperature deviatiocns over the most part of the Baffin '

Land Shelf exceeded —1°C (Fiz. -Sh). i1

perature asnd salinity from the level of 1988, As can be seen in : 'f‘
the figure cold intermediate layer ip 1989 had a versical deve- §,3F3
lopment due to which waters with the negative temperatures in a : }y
near-bottom layer cccupied the most part of the Baffin Lend ‘ 'é% ;d
Shelf (Fig. Sa). tin
|
In the_a:ea of disgtribution of transformed Atlantic waters in E §%
j
i

Probably, such essential decresse In temperature in the ares of
distribution of mixed waters was caused not only by notable co-
oling of mid-water in sutumn-winter, but, to a great extent, by ' i
decreasing of heat advection in the Davis Strait by the Irminger ;
Current.

Thermohaline structure of waters in Subares 2

Oceanogranhic obserfations were carried out on fthe shelf and
the Labrador continental slope in Subarea 2 by RV "Kapitan Shai-
fanov" in September-November. Water femperature and salinity mesa-

5 surements were made at standard depths of 20 random stations and
17 stations of the Sections 8-A and 3B-4.

Data on vertical dlstribution of water temperature and salinity

obtained as a result of observations allow to characterize a
thermohaline structure of waters in this arsa as a component of

arctic and subarctic types. The arctic type includes the watlers
with temperature variations vertically from =1.7°C to 2.5°C and
salinity - from %1.5 %o %4.5 psv. The waters of this type occu-
pied mainly the shelr area. Waters of subarctic type of vertical
gtructure, characterized by higher values of temperature and sa-
linity and lower stratification of these parameters, were distri-
buted over the deep waters of the Subarea, The higher norizontal i
gradients of temperature and salinity identifying the Arctic
frontzl zone, relative %o background, were registered in a zone
of transition from one type of sHructuve Lo another one. Flots of
temperature and salinity on the section 8-A illustrate the above i)
. mentioned scheme of thermohaline structure and are presented in
s Fig. 6.




Since 4964 the observations over the section crossing the Labrador
Current off +the Homilton Bank have been conducted régularly by
the PINRO vessels in autumn., Long-term mean values of temperature
and salinity for each depth at all stabtiocns of the sectlion were
estimated for 1964-1986. Distribution of temperature and salini-
ty anomalies on the section (Fig.6) allow to draw a conclusion
ebout notable radiative heating of the surface 100-m layer -
over the Labrador Shelf {(Stations 18-23) ond essentlal shortage

of heat in a near-bottom layer on the shelf and in the mid-water

of the Irminger componeant of the Labrador Current.

The long-term mean temperatures for different layers and bran-
ches of the Labrador Current off the Hemilton Bank are given in

Fig.7. In 1980 mesn water temperature of the cold component of

the Lebrador Current in (=200 m layer was at the level c¢f the
long-term mean and was by 0.2°C lower compared to 1983 (Fig.7a).
The temperature of this layer in the Irminger couwponent was by
0.6°C lower than the perm and by 0.5°C lower compared to 1988
(Fig. 7b). Deviaticns from the norm in 200 - 500 and 500-1000 m
layers made up 0.% and 0.5°C, respectively (Figs. 7c,d),

Thermochaline structure of weters in Subares 3

Oceancgraphic observaticns were carried out by RV "Persey ITI"
in Bubaresa 3 from March to June and by RV "Hapitan Shaitanov"
in Beptember and from Kovember tc December, During the RV
"Persey 1I1I" cruise standard observations over the temperature

and salinity were made at 440 random sbations on the Newfound-
land Bhelf and Flemish Cap Bank,

Range of variations in temperature and salinity in this area
was wide which has been specified by an intensive nixing of wa-

ter masses with different types of vertical structurs. The -

distribution of these waler mssses may be schematically presen—
ted as follows. The arctic type of vertical structurs predemina-
tes over the largest part of the Grand Newfoundland Bank in the
ghelf area in Div.ZK. In the northeastern Subarea and over the
Flemish Gap Bank the subarctic type of structure beeing wedged
out in the scuthwestern slopes of the Grand Bank was predomi-

nant. In the scuthern and southeastern Subarea waters with sub-
‘arctic type of structure, %he distribution cf which ig related
to the Gulf Stream - North Atlantic Current system predomineted.

Intermediate position Detween the waters with subarctic and sube
troplcal types of vertical siructure cccupies the slope waters
which are the product of ftheir mixing.

Velues of water temperature in a near-bottom layer in points of
regular half-degree grid were caleculated according to the data




of the cceansgraphic survey on the Newfoundland Shealf and their
deviations from the long—-term mean values for 1972-1986 and le~
vel af 1988 were eshimated (Borevkav and Tevs, 1988).

According to bthese eagtimstes water tempersture in a nesar-botbtonm
layer over the most part of the Hewfoundland Shelf -in March-May
1089 was somewhat lower than the norm (Fig.8a) and the level of

1988, The highest negstive anomalies, beeing exceeded ~2°C, were
registered in the scuthwestern and southern slopes of the Grand
Bapk., Positive anomalies of temperature of the near-hottom wa~
ters were observed in a rather narrow cecastal zone and on ths
northern slope of the Grand Bank.

Near-bottom water Gemperature anomalies (A) were comparsd fo the
corresponding values of mean square deviations (B) which are the
megsure of year-to-year variations in near-bobttom temperature,
to characterize their significance. Standardized ancmalies (4/S)
obtained were geparated into % classes:

much above the norm . A/S > 1.5
above the norm ) 0.5 & A/5 < = 1.5
the norm ~0.5¢ = A/8 L = 0.5
below the norm -0.5 A3 » =—1.5
much below the norm AR < 1.5

Distribution of standardized temperature znomalies are given in
Fiz.B8b and, in general outiine, corresponds to the distribution

of absoplute values of anomalies, The most essential water cooling
in & near~bottom layer was observed in the relatively shallow part
of the Grand Bank at depths below 200 m as well ag in the local
areas of the continental slope in Divs. 3K and 3L relative to the
long-term mean temperature and with allowance for the year-to-yesr
variationz, The maximum rige in temperatule was observed in the
coastal zone of the Newfoundland.

Pig.9 presents the long-term mean water temperature in sepavate
areas of the Newfoundland Shelf. 4s Fig. 9 shows the mean wabter
Temperature in Divs, ZHO was by 1.0°C and in Div, 3FL - by 0.2°C
lower th&n the norm, estimated for 1972-1985. In 1989 the area
occupied by the waters with the '"below the norm” and "much below
the norm" temperatures in Divs., 3N and 30 was approximately 2 times
higher than in 1986 and constituted about 70% of the total srea of the
divisions. In Div. 2K this area has increased from 33 t0D S4%. Such
area occupied by the waters with negative temperatures in a near-
bottom layer was only registered in the coldest periocds (1973-74,
1976 and 1985). '

In autumn 56 random stations were made on the Newfoundland Shelf.
In late November ~ early in December water temperature in a sur-
face layer over the Grand Newfoundland Bank varied from 1.1°C in

1




the aTeas of distribution of the Coastal and Main branches of the
Labrador Current to 8°C over a btop of the Bank, Adequate varia-
tions were registered in a4 near-hottom 1ayer'from -1.5 to B°C.3a-
linity on the sea-surface varied from 31.9 psu. in a coastal rone
tc %3.4 psu, in the neortheastern bank and from 32.4 to 34.8 psu,
- in a2 near-bottom layer.

Cdmparative analysis of the temperature fields for 138% and 1988
has elucidated a decrease in temperature in the northern part of
Div, 2NO and in the north and east of Div. 3L and somewhat heat-
ing in the scuthern area of the Grand Bank and on its nertheas-
tern slope.

Table % presents values of mean tenperaturs in a near-bottom lay-
er and area occupled by waters with Aifferent temperature in
autumn during the recent 4 years., As can be seen in Fig.? in 1988
and 1889 the area occupied by the waters with temperature below
~1°C has increased considerably over the Grand Bank, mainly in
Div. 3L, compared to the previous years. However, at the same
time the arez with the water femperature exceeding 3%°C in Divs,
3L and 3N has increased whersby the mean temperature by field

in Divs. ALNO has remained invariabie.

Considering the fact that the mean by field water temperature in
Div. 3H0 was by 0.8°C lower in spring then in 1988 its notable
rige in swmmer should be notkds '

Geostrophic circulation on the Newfoundland Shelf in spring-
sumnex

Estimations and charts of the ssa-surface dynamic btopography were
made according to the methods described in Borovkov and Kudle
(1982) ‘Yo elucidate qualitative characteristics of water horizontal
circulation in a surface layer. Regults from detailed surveys in
Divg, 3XLNO in spring-summer served as primary materials.

Fig. 10 presents kinematic schene demonstrating a- combination
of a streamed flow zbove the Grand Newfoundland Bank slopes
and a retarded circulation with the mesocscale wave and vortex
disturbances in the shelf area,

The streamed flow velocity corresponding to the Labrador Current
Main branch was maximum over the eastera slope of the Funk Is-
land Bank, A number of dynamic fomaations of different sign '
vorticity was pronounced over Lhe shelf area, anrons wirich anti-
cycleonic vortex localized on the southern Grand Bank had the
highest zeometrical dimensions. Tetal anticyclonic vorticity

of current field was observed over the Flemish Cap Banl.

When comparing the schemes of weter circulation in spring 19882,
glven in the paper by Berovicv and Tevs (1979), it fellews that
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the flow over the northeastern and eastern slopes of the Grand
Bank was more retarded in 1989. Anfticyclonic meander in the
Funk Island Bank area was léss pronounced than in 1988 and
quasi-permansnt anticyclenic vortex in the southern Grand Bank
vas shifted to the scuth =znd extended alens Tthe bank slope. Va-
lues of dynamic Hsighté in the arsa of their distribution were
regigtered o be higher, '

Ice conditions

In the Davis Strait and Labrador Sea in aubtwumn 1988 icipg pro-
cesses started in November and were intensive. Ice coverage in
these basins exceeded the norm by 5-6% in December, Intensive
icing processes were also continuing in January-February 1989,
In February ice tongue, beeing shifted along the eastern slopes
of the Grand Bank of the Newfoundland, richesd the western slope
of the Plemish Cap Bank. Wean monthly ice coverage of the Lab-
rader Sea made up 50% what was bylﬂo% nigher than the norm and’
the highest for the recent 5 years.lIn March ice coverasge in
the Lebrador Sea spproached the long-term mean level »ud that
in- the Davis Strait - exceeded the norm by 13%.

In April a rapid reduction of the area of drifiting Ice in the
Labrador Sea has began. Ice tongue extending along the eastern
gicpes cof the Grand Bank, shifted to the northwestern direc-
tion with a wvelocity about ©0 miles per a2 decade. At the same
time a deglaciation and recession of ice masses from the Hew-
foundland coast were registercd. By the end of the month the
scuthern edge of drifting ice was pronounced avpproximately
along 50°N, Mean ice cover was close to the norm. '

In the same period 82% of the Davis Stralt area was covered
with ice., Tce cover in the Starit was by 18-22% hirher than the
norm and the highest for the recent 20 years. In bMarch-April
the ice from the east and west of Greenland have been mixed in
the southwest of Greenland. In May ice cover in the Davis Strait
has notably reduced and the total ice covefage was only by 10%
higher than the norm. Neldrifting ice was observed in the Labra-
dor Bea in June and in the Davis Strait - in Aupust,

In avtumn ice formation in the Davis Strait began in November
and in the labradeor Sea - in the first decade of December. In
eariy days of the period ice conditions were close %o the lonm-
term mean , but already during the last 5 days of December theilr
intensification was noted.

CONCLUSIONS

An extremely low backsround of atmespheriec pressure over the
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Norweglian-Greeniapd Basin in autump-winter 1988-39 cauged &n
intensive traﬁsport of air flows from the north over the north-
western part of the Atlantic Ocean which has given rise to esse-
ntial cocling of water masses in tha% area , a2 decrease in heat
advection because of the Irminger Current and intensification

of cold Baffin Land and Labrador Currents. By reason of this a 1.
decrease in temperature ol a surface layer to 50°N from Janua- _ :
Ty to March has exceeded a commoz climatic decrease in tempera= 1 :
ture of this layer approximsately by 3 times auring winter. k

Winter and spring.months in the Northwest Atlantic were charac—
terized by severe ice conditions. In February the highest ice
cover for the last 5 years was registered in the Labrador Sea

and the highest for the last 20 years in the Davis Strait - in
April. TIn March-April the ices from the east and west Greenland have
been mixed in the southwest of Greenland - rather infrequent case.

Intengive cooling and decrease of heat advection caused a nctable
decrease in water temperature over the Newfoundland Shelf. In spring
the area cccupied by waters with the "below the norm" temperatures
in a near-hbotton layer has increased approximately by 2 times in
Diva, 310 and 2K from 1988 to 198%2. Hean water temperatures in'a
near-bottom layer in these divisicns were by 1.0 and 0,2°C lower

than the norm and level of the previous year in these divisions,
respectively.

Intensive radiative heating in spring-summer could not ccmpensate N w0
negative effect of the mentioned above factors. In aubtumn a decrease i
of the aree occupied by the transformed Atlantic waters was obser-

ved in the Baffin Land and Labrador divisions, and a notable defici-

ency of heat, relatively to the level of 1988, was registered in e
the area of these waters distribution. ¥ean temperature in the
upper 200-m layer from the area of mixed waters (Subzrea 0B) was
by 1.2°C and in the Irminger compenent of the Labrador Current -

by 0.6°C lower compared to 1988. Negative deviations of mean tempe-
rature in 200~500 m layer made up 0.6 and 0.3°C , respectively, in
these divisions. '

As a result of intensive radiative hesting in spring-summer water
temperature in the upper 200-m layer of the Labrador Current Cold
component was close to the norm and level of 1988, However, a rise
in intensity of the cold intermediate layer because of anomalous
cooling in winter caused a notable increase of the area occupied in
a near-bottom layer with the negative temperatures on the Baffin
Land, Labrader and FNewfoundland Shelves.
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Table 2. Recirrence of classes of waber Lemperalure in oo

surfoace layer in MAFD Soboreas 2 ond 2
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Fl? 9. Anomalies of mean by field bottom water ‘temperature in
the Ne wfoundland Shelf divisions in spring (°C)
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Fig.10. Dynamic topograpby of sea-surface relative to the

2 MPa level in spring 1989. Dynamic height isolines
are given in 2 dyn.cm digtance
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