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" INTRODUCTION

This paper provldes "a revlew of environmental condltions in the
Northwest Atlantic during 1991 and is based upon selected sets of
oceancgraphlc and meteorological data as well as Information from research
documents prepared for the NAFO  Sclentific Council. Environmental
conditlons are compared with those of the preceding year as -well as the
long-term means. = Where possible, the latter have been standardized to a
30~yr base perlod (1951-1980) 1n accordance with the convention of the World
Meteorological Organlzatlon and recommendation of the NAFO . Sclentiflc
Council. ' Thls report .is the tenth In a serles of annual overviews to NAFO..
This year we have added several new Indices and the presentation follows a
slightly different order than in previous reviews.

METEOROLOGICAL OBSERVATIONS
A;r Temperatures

The Atmospheric Environment Service of Canada publishes the monthly
mean .alr temperature anomalies for Canada in the Monthly Supplement to
Climatic Perspectives. From Baffin:Island to Newfoundland large negative
anomalles domlnated the winter and spring of 1991 (Flg. 1). The cocldest
anomalies {-8°C) occurred 1in January on the southern Labrader coast. During
the summer, Newfoundland and southern Labrador air temperatures remalned
cold and the anomalles did not rise above normal-until Getober and November.
In contrast, air temperatures over the southern Gulf of St, Lawrence and
Nova Scotla were generally:warmer-than-normal throughout most of the year,
In December a cold alr mass covered the entire region with the largest
anomaltes (-4°C) again occurring 1in southern Labrador —and northern
Newfoundland. ’ -

The 1991 monthly mean air temperature anomalies for several coastal’
sites are plotted. as bar graphs in.Fig. 2. The cold winter and spring in
the northern regions are clearly evident. Data from Godthab 'in .Greenland
suggest that the spatlal extent of these ancmalies extended throughout the
Labrador Sea whereas the cold summer temperatures were 1imited’ to the
Labrador cocast and Newfoundland. The winter of 1990 had alse been cold
throughout the Labrador Sea and at Cartwrlght and St. John's, the December
1991 anomalies suggested the possibility of a celd winter in 1992, at least
in the vicinity of  southern Labrador and Newfoundland, At Iles de la
Madelelne in the Gulf of St. Lawrence and Sable Island on the Scotlan Shelf
2lr temperature anomalles tended to be above normal through most of 1991
although January was cold. The anomaly patterns at these sites were simllar
in several respects to those recorded in 1990,

The annual alir temperature anomaly pattern reflected the very cold
conditions along the Labrador coast and off northern Newfoundland with
negative values of over 2 °c (Fig.: 3). These exceeded the standard
devlations of the long-term means by over 1°C. Slightly negatlve anomalies
prevailed over most of the Gulf of St. Lawrence but in the southeastern Gulf
and off Nova Scotla the annual air temperature anomalies were positive.

The Interannual variability since 1970 at Godthab, Iqualuit and, to
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legser extent, Cartwright have been domlnated by large amplltude
fluctuatlons with periods of 5-10 yr {Fig, 4). Since 1970, there has also
been an overall downward trend causing temperature anomalles to be
-predominantly below normal with minima in the early 1970s, the early to
mid-1980s, and 1990. Temperature anomalies at St. John's, Iles de la
Madelelne and Sable Island were of much lower amplltude, showed much less or
no signs of a downward trend slnce 1970, but did contaln minima in the early
19705. in the mid-1980s and, at St. John's, 1n 1990/91.

Sea Surface Alr Pressures

Monthly mean sea-surface pressures over the North Atlantlc are
published in Die Grosswetterlagen Europas by Deutscher - Wetterierst,
Offenbach, Federal Republic of Germany. The long-term mean pressure
patterns are dominated by the Icelandic Low, a low pressure system centered
between Greenland and Iceland, and the Bermuda-Azores High, a high pressure
system centered between Florlda and northern Africa (Thompson and Hazen,
1983). The strengths of the Low and High vary seasonally from a winter
maximum to a summer minlmum. Seascnal ancmalies of the sea-surface pressure
for 1991 relative to the 1951-80 means are shown in Fig. 5. Winter includes
December 1990 to February 1991, sprlng ls March to May, summer is June to
August and autumn 1s September to November,

Ouring the winter the Icelandic Low deepened and shifted slightly to
the northwest. Thls produced strong nerthwesterly winds over the Labrador
Sea and Newfoundland. Thete winds carried cold air down from the Arctic
giving rise to the extreme negative alr temperature anomalies seen over the
region. The wlnds were strongest over southern Labrader and northern
Newfoundland which coincldes with the largest alr temperature anomalies. In
spring the air pressure patterns were generally weak but in summer a
negative anomaly developed over the northeastern Atlantic Ocean which caused
onshore winds in southern Labrader and Newfoundland and offshore winds in
the Gulf of St, Lawrence, Scotian Shelf and Gulf of Maine, The Icelandic
Low weakened in autumn causing positive sea level pressure anomalies over
the Labrador Sea and eastern Canada. Thils would tend to drive anomalous
onshore winds on the Scotlan Shelf and the Gulf of Maine and southeasterly
winds along the Labrador coast.

Upper Atmosphere Pressures

The heights of the 50 kPa pressure field (approximately 5000 metres
above the earth's surface) over the northern hemisphere are published in the
Monthly supplement to Climatic Perspectives by Environment Canada. The
long-term mean (1951-80), the mean for January 1991 and the anomaly fields
are plotted ln Flg. 6. The normal for the month conslsts of a low, known as
the Arctic Vortex, centered cver the Artic Islands. In 1991 this low had
deepened with a trough extending over eastern Canada. This produced an
anomaly pattern similar to that for the sea level pressures, i.e. negative
values eover the Labrador Sea and eastern Canada and positive values off the
southeastern Unlted States. The anomalous low induced stronger-than-normal
nertherly and northwesterly flew. The January pattern 1s representatlve of
the 1991 wintertime conditions and 1s similar te the pattern identifled as
preducing “"cold” winters {Findlay and Deptuch—Stapf 1991) and heavy fice
years (Aghew and Silis, 1991),

In the spring a stronger-than-normal trough developed over northeastern
Canada- (Fig. 7) which contributed to the below normal temperatures. Thls
trough strengthened and extended southward In summer produclng the negative
anomalles centered over the northwest Atlantic Ocean (Fig, 7) keeping
temperatures on the Labrador cocast and in Newfoundland colder-than-normal.
A high.pressure.ridge centered over Hudson Bay produced warmer condltions in
southern Baffin Bay and eastward to Greenland. The pattern reversed in
autumn (Fig. 7) with a trough over Hudson Bay and a ridge over eastern
Canada. The latter contributed to the warm condltions over eastern Canada
in ‘contrast to the colder-than-normal air temperatures in the rest of the
country.

SEA ICE OBSERVATIONS

Newfoundland énd Labrador

Extremely cold air temperatures in December of 1990 resulted in early
ice formation off scuthern Labrader. The accompanying streng northwesterly




winds advected this ice southward causing a greater areal extent of sea ice
than normalt (Fig. 8). Through the winter, cold air temperatures contlnued
to promote ice growth while the strong northwesterly wlnds pushed the lce
further southward so that by February the ice extent was near 1lts maximum
extent (Flg. 8). Winds were also slightly more onshore than normal tending
to keep the itce on the shelf (Narayanan et al., 1992). In March stronger
onshore winds developed which pushed the lce towards the coast thereby
reducing the areal extent of the lce, at times, to below its normal value
(Narayanan et al., 1992). The loss of area was compensated by an increase
in the thickness caused by 1lce rafting. Onshore winds through into the
summer prevented the ice from reaching the warmer offshore water which
normally accounts for 'a large propertlon of the heat necessary to melt the
lce. Indeed, most of the ice in 1991 1s belleved to have melted ‘on the
shelf due to soclar heating. Ice retreated slowly continuing to be present
off the northern tlp of Newfoundland up until the mlddle of July and off
southern Labrador until early August which set new records for the time of
the last presence.of ice (Fig. B). -

The maxima in sea ice extent occurred in the early 1970s, the early to
mid-1980s and 1n 1991 which 1is highly correlated with air temperature minima
{Narayanan et al. 1992).

Icebergs

The number of icebergs that pass south of 48°N latltude In each year 1s
monitored by the Internaticnal Ice Patrol Division of the Unlted States
Coast Guard. Since 1986, data have been collected with SLAR (Side-looking
Alrborne Radar), Durlng the 1990/91 iceberg season (October to September),
a total of 1974 icebergs were spotted south of 48°N. The monthly totals for
February to August were 20, 115, 144, 269, 1030, 325, and 71 (Fig. 9). No
icebergs were spotted from October, 1990, to January, 1991, nor 1n September
of 1991. In the primary lceberg season of March to August, 1954 icebergs
were observed which represents 99% of the annual total. There were twice as
many bergs recorded im 1991 than in 1990 and 6-9 times that in the years
between 1986 and 1989 (Flg. 9). Several factors contributed to the high
number of bergs 1n 1991. Anomalously cold alr and water temperatures
resulted in 'a slow rate of melting. Also the heavy concentrations of sea
ice and its late persistence off Labrador and northern Newfoundland helped
to preserve the lcebergs through reduced wave action. Filnally, the
Increased easterly winds kept the lcebergs in the colder 1nshore waters
longer. '

Gulf of St. Lawrence

. During early December, 1990, cold Arctic alr with accompanylng mcderate
northly to northwesterly winds covered the Gulf of St. Lawrence.. By
mid-December cumulative freezing degree days were up over the long term mean
by 300% cover the northern Gulf and an order of magnitude In the southern
Gulf. Thls resulted 1n pack ice in Northumberland Strait and along the New
Brunswick coast, the formatlon of new lce in the St. Lawrence Estuary and
fast lce along sectlons of the North Shore of Quebec (Fig. 10). These lce
condltlons were about 3 weeks ahead of normal. By the end of December lce
covered the Strait of Belle Isle, the Bay of Chaleur,. and along the northern
coast of New Brunswick which was near normal for that time of the year. At

., mid-January new ice formed over the central and northeastern reglons of the

Gulf, sllghtly earlier than normal, while over the western Gulf the lce
thickened (Fig, 10}. Cold alr temperatures persisted through January which
contlnued to increase the thickness and .areal extent of the sea ice. The
extent and thickness of the lce cover by mid-February remalned greater than

- nermal (Fig. 10). Ice began to drift through Cabot Stralt wlth some

reaching 45N and 58°W. -By the end of the month the ice had moved further
onto the Scotian Shelf westward to Chedabucto Bay. Ice thickness in the
Gulf stlll exceeded normal in mid-March but open areas developed along
wegtern Newfoundland, along the south shore of Prince Edward Island, around
the Gaspe Peninsula, and along parts of the north shore of Quebec. During
April . lce conditlons were typlcally 2 weeks later than normal.
Warmer-than-normal temperatures in May lead to rapid melting so that by
mid-May the only ice in the Gulf was that in the northeasterrn Gulf. Through
June and Into mid-July lce continued to drift into the Gulf through Belle
Isle Stralt due to the persistence of lece on the Labrader and Newfoundland
shelves. Mid-July for the last presence of lce in the Belle Isle region set
a new record as normally ice leaves the regien by late ‘April.
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' OCEANOGRAPHIC OBSERVATIONS- - ©

Station 27 S R '

'-.Measurements-'df temberature and sallnity have been routinely taken

since 1946 at Statlon ‘27 located approximately 10 km -off St.. John's,

Newfoundland. This site is representative of the inshore Labrador Current.
The station was visited 63 times in 1991; with a monthly maximum of 8 In
April, October and December and a minimum of O 1in January. The data were
collected at, or llnearly Interpclated to, standard depths (0, 10, 20, 30,
50 75, 100, 125 and 150 m} and monthly means were calculated for each depth.
The monthly averaged temperatures and ‘salinitles 1in 1991 together with thelr
ancmalles relative to 1951-80 are shown in Flg. 11.

Water temperatures at Station 27 were extremely cold 1n 1991. Monthly

mean temperatures throughout the water column were colder than -1.5°%C
(anomalies lower than -1°C) in February and March. The seasonal warmling of
the watérs above 50 m proceeded slowly causing the anomalles to decrease
steadily through the spring and early summer reaching a minlimum of -4°C In
July (Fig. 11, 12). The anomalies gradually increased affer July rising to
slightly above normal by November and December. Temperature- ancmalles in
the deep waters (> 75 m) were below normal throughout the year {generally

-0.5 to -1°C). In the autumn anomalles were at or exceeded -1°C which is

belleved to be due to the mlxing of the colder, near-surface water dawn
through the water column. o o -

Petrie et al. (1992} examined the relationship between winds and alr
temperatures on the water temperatures at Station 27 for the period 1963-86.

They found that wind and alr temperatures could account for 534 and 50% of -

the variance of 0-20 m and 75-150 m layer, respectively. Most of the
variance was accounted for by ailr temperature.’ Based on thelr regression
analyslis and uslng air temperatures only as the geostrophle winds were not
avallable past 1989, we predicted the water temperatures at Station 27 for
the period 1987-32. The predicted and observed values are all below normal
for the entire perlod (Fig. 13). There was poor agreement for 1987 but
reasonable correspendence since then. . e

' . Surface.salinitles at Statlon 27 were fresher-than-normal by as much as
1 psu in-July and again-ln November (Figs. 11, 12). The salinity minimum
(30.35-30,40, anomalies of approximately -0.7)} occurred on schedule 1n
September-October. Ice melt from the larger-than-normal volume of sea ice
contributed tc these low salinlties. The salinity anomaly minimum 1in
June-July was llkely due to local lce melt while the second minimum in
November and December may have been associated with ice melt from the
Labrador Shelf. The later has been shown to account for the linterannual
variabllity in the seasonal salinity minimum at Station 27 (Myers et al.
1990}, In the deeper waters, the sallnities were slightly below normal
throughout most of 1991. The fresher conditlons in 1991 contrast with the
sllghtly mere saline waters cobserved in 1990 (Drinkwater and Trites, 1991).

The time sertes of monthly temperature anomalies at Station 27 at O,

50, 100, 150 and 175 m for 1970 to 1991 are shown in Fig. 14. Note that thei

scale for 0 and 50 m 1s larger than for 100 m and deeper. At the surface,
1991 contalned the most perslstent negative. anomalies in the past 20 years.

The monthly minimum in July matched a previous low 1n 1974. As cne

progressed deeper in the water column, there was' a tendency towards a.

greater percentage of negative anomalies throughout the period. At 150 and
175 m negative anomalles have persisted almost continuously slnce 1982. At
100 m 1t has been since 1983.. The coldest periods roughly correspond te
those identified from air temperature anomalies, i.e. the early 1970s, the

mid-1980s, and 1991. At these depths, 1991 contlinued a trend towards lower

temperatures that began 1n 1988-89.

CIL

On the continental shelves off eastern Canada from Labrador to the
Scotian Shelf, intense vertically mixing and convection during winter
produce a cold layer that averlays a warmer deeper layer or occasionally may

extend to the bottom. Wlth spring heating, lce melt and increased river:

runoff,” a fresh warm surface layer develops. The strong stratification in
this upper layer inhiblts heat transfer downwards, and the waters below
remaln cold throughout the spring and summer. ‘' The latter are called the
celd intermedlate layer (CIL) waters.
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Four standard hydrographlic transects (Hamilton Bank, off Whlte Bay, off
Bonavista Bay and along 47°N) are occupied annually by the Northwest
Atlantic Fisherles Center .in St. John's, Newfoundland, during the summer.
Narayanan et al. (1992) showed that in 1991 the CIL, deflned by waters <0°c,
covered most of the area of the .shelf in the three transects that were
occupled (the 47°N line was not occupled). Petrle et al. (1992) had earller
found that the annual anomalies of the cross-sectlonal areas of the CIL
(1978-86) were highly correlated between transects with an average value of
about 0.85. Areas calculated for 1987-91 and show that in 1991 the area of
the CIL was much greater than normal (Fig. 15). For the Hamilton Bank
transect, 1991 ranked the third hlghest in 11 years of data, at Whlte Ba
the second in 12 years, off Bonavista the second ln 14 years, and along 47
the first in 12 years of data.

The area of the CIL along the four transects show a maximum around
1984-85, a minimum in 1986-87, and a peak in 1990-91 (Fig. 15). This
corresponds roughly wlth minima 1in the water apd air temperatures and
maxima in lce coverage as noted earller by Petrle et al. [(1992).

Fyllas Bank

Hydrographic conditions on a standard sectlon across Fyllas Bank off
West Greenland are monltored by the Greenland Fisherles and Environment
Research Institute, Copenhagen, Denmark, and the Sea Fisheries institute,
Hamburg, Federal Republic of Germany. This area ls influenced by the
relatively cold low-sallnity water of the East Greenland Current and the
warm hlgh-salinity water of the Irmipger Current, In 1991, the average
- temperature between 0 and 200 m, the 1imit of seasonal Influence, was
slightly above-normal (Steln, 1992), This was 1n contrast to the cold
conditions off Labrador and Newfoundland. Temperature anomalles for this
layer have been above or near normal since 1985 followlng the extreme
mlnimom of 1983. Similar conditions and trends were observed at the Cape
Farewell Section.-in the 0-200 m and the-200-300 m layers (Stein, 1992). The
similarity supports the belief that the Irminger Current, which flows past
Cape Farewell and wup the west coast of Greenland, Influences the
hydrographlc conditlons at Fyllas Bank.

Offshore SST Data

Sea-gurface temperature (SST) anomalles for 1991 determlned from the
. "marine deck" observatlons were calculated for 24 areas in the Northwest
Atlantlc (35°-60°N, 40°-76"W) extending from Cape Hatteras to Greenland
(Fig. 16). These data were derlved primarily from shlps-of-opportunity and
obtalned from measurements in the ship's intake. The areas into which the
data were divided colnclde with oceanographic regimes (e.g. the lLabrador
Current, Gulf Stream, etc.) or topographlc features (e.g. Lahave . Bank,
Georges Bank, etc.). Monthly anomalies were determined by subtracting the
long-term monthly averages for the 20-yr period 1971-1990.

The monthly ancmalies for the 24 areas are listed In Table 1 and are
contoured in Fig. 17. The cold conditlons observed at Station 27 in the
spring and summer can be seen to have extended over the entire Grand Banks,
of f southern Neufoundland Flemish Cap, and along the Labrador coast. The
coldest anomalies {-3°C) were observed Iin July, consistent with the Station
. 27 data, The annual means for the reglon were approximately 1°C below
normal. Again similar to Station 27, the autumn SSTs Iln the reglon exceeded
thelr long-term means. In the Gulf of St.lawrence and off southwestern
Newfoundland (area SP) significant warm water anomalies were observed during
the autumn. From the southern Scotlan Shelf to the Mid-Atlantic Bight there
was a predomlnance of. positive anomalies throughout the year with maximum
values in the southern most shelf area during the spring and e&arly summer.
In the Western Slope Water negative anomalles were observed in all months
except December.

+ The time serles of annual mean ancmalles of 55T includlng 1991 for the
24 areas are shown ln Fig. 18. As with the monthly values, the annual
anomalies indicate very cold conditions in 1991 along the Labrador Shelf,
throughout the Grand Banks, on Flemish Cap, and off southeastern
Newfoundland. The 1991 values generally were near the minimum temperature
anomalles recorded in 1985 and in the mid-1970s (Fig. 18A). The
temperatures have declined in these regions by 1-2°C from highs in 1988. 1In
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the the Gulf of St. Lawrence, off southwestern Newfoundland and on the
eastern Scotian Shelf, the annual anomalles were near normal with a slight
tendency teo positive values (Fig. 18B),. The amplitude of the positive
annual temperature anomalies lnecreased southward with maximum values in the
mid-Atlantic Bight (Fig. 18C). The opposlng temperature trends on the Grand
Banks and the mld-Atlantic Bight fit the 2nd mode of variability' In an EOF
analysis of S5T in the reglon as determined by Thompson et al. [1988). The
osclllating temperature trends between these two areas has been preminent
through the 19803 and intc the early 1990s. In the Slope Water during 1991
the eastern area was warmer-than-normal while the western reglon was
colder-than-normal.” Temperature variability In the Gulf Stream and Sargasso
Sea was low through the period 1971-91, '

Coagtal SST data

Monthly averages of SST are avallable from Halifax Harbour 1in Nova

Scotia, St. Andrews in New Brunswick, and Boothbay Harbor 1n Maine. The
monthiy mean temperature anomalles relative to the 1951-80 Ilong-term
averages (Trites and Drinkwater, 1984) at each of the sltes for 1990 and
1991 are shown in Flg. 19. ’ ! .

The temperature patterns at the three sites show several differences.
During the first five months of 1991 there appeared tc be a gradlent in SST
across’ the reglon from above normal temperatures at Boothbay Harbor, to near
normal at St. Andrews, and below normal at Halifax. In summer, Boothbay and
Halifax temperatures were generally colder-than~normal but at St. Andrews
they were warmer-than-normal. During the last four months of the year,
temperatures at Halifax rose above normal, while at St. Andrews they fell
below normal and at Boothbay they were near normal. ’ :

Annual SST mean temgeratures for 1991 were 9.0°C (0.2°C above norma%]
at Boothbay Harbor, 7.15°C (0.15°C below normal} at St. Andrews, and 7.5°C
(0.3°C below normal) at Halifax. The long-term trends as represented by the
25-month running means in Flg.” 20 show that the temperatures at Boothbay
Harbor have risen slightly 1n the past couple of years but are near their
long-term mean.. The warm anomalles durlng the last half - of 1990 and the
first part of 1991 are unusual in their duratlon compared to past anomalles
{Flg. 20). At St. Andrews S5Ts continued to rise from a minimum recorded in
the late 1980s and appear to be approaching the long term mean. At Hallfax
the negative annual anomaly 1s consist with slightly colder-than-normal
conditions that have persisted slnce the late 19805. These temperatures are
2-2.5 C below the maxlmum ancmaly recorded near the mid-1980s. We note that
since 1985 the St. Andrews SSTs may ‘be reading over 0.5°C lower than
previous due to reconstruction of the wharf where the measurements are taken
(Drinkwater et al. 1992}, This will be explored further in the coming year.

Pr;ﬁce 5
Temperature and salinity measurements are taken once pér' month at
Prince 5, a station off St. Andrews, New Brunswlck, near the entrance to the
Bay of Fundy. Monthly anomalles relative to the 19351-80 means were

calculated for 1991. Single measurements per month, especlally In the

surface layers in the spring or summer, under stratifled condltions are not
necessarlly representative of the "average" conditlons for the month and
therefore the interpretation of the anomalles must be vlewed with some
caution. No slignificance should be placed on any indlvidual ancmaly but
parsistent anomaly features are likely to be real. There 1is generally
strong similarity in the ancmaly patterns of both temperature and salinity
in all years throughout the water column. This relatlve homogeneity of the

water column 1s due in large part to the strong tldal mixing in the Bay of
Fundy.

In 1991 temperatures ranged from a minimum of approximately 2.5°C to a
maximum of 11.5°C In August and near surface in September (Fig. 21). This
resuited In posltive anomalles of generally > 0.5C In the upper 50 m and

.typlcally < 0.5°C below 50 m (Flg. 21). - Slightly negative anomalles ware

observed in the near surface waters (< 25 m) durlng the last 4 months of the
year but only during September and October did they extend throughout the
water column. Waters at and below 50 m during November and December were
above normal. The long-term temperature records at surface and 90 m for
Prince 5 show hlgh similarlty (Flg. 22). The temperature anomalies were
near normal but had increased from below normal values 1n the late 1980s,

The domipant high and low were in ihe early 19505 and the mid 1960s,
respectively.

-

-
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In April, salinlties at Prince 5 dropped below 29 which ls equivalent
to a negative anomaly exceeding 2 psu (Filg. 21). This may have been due to
an early freshwater discharge from the Saint John River although the wvalues
may not be represzentatlve of the mean for the month. The general trend was
for fresher-than-normal conditlons throughout the year with the exceptlon of
the late spring and early summer® Relatlvely high negative anomalies were
observed in the late autumn.

" Emerald Basin Temperatures

Petrle et al. (1991) assembled a time series of monthly temperature
data from 1946 to 1988 at multiple depths in Emerald Basin in the center of
the Scotian Shelf. They showed that there was high temperature varlance at
low frequencles (periods of several years)., This slgnal was more visible at
depth (below 75 m) where the low-frequency varlance was higher and there was
less high-frequency (month to’ month} variabillty. High coherence at these
low frequencies was found throughout the water column as well as
horizontally from the mld-Atlantic Bight to the Laurentian Channel. In
1991 several CTD proflles were obtained in Emerald Basln by research cruises
in the area, The tlme serles of temperatures from 250 m are plotted In Flg.
23 as anomalles from the monthly means averaged over the perlod 1951-80.
Below normal temperatures of approximately 1°C were observed in 1991. These
values represent a 3°C drop since the late 1980s. The trends at 250 m were
representative of the waters below 75 m. These ' cooler temperatures In
Emerald Basin were accompanled by below normal salinitles,

Cabot Strait Deep Temperatures

Leng-term temperature varlability iIin the deep waters {(200-300 m
average) of the Laurentian Channel in the Gulf of St. Lawrence has been
studied by Bugden (1991) from data collected between the late 1940s to 1988,
The varlabllity was domlnated by low-frequency (decadal) fluctuations with
no discernible seasonal cycle. A phase lag was observed aleng the major
axls of the channel such that events propagated from the mouth towards the
St. Lawrence Estuary on tlme scales of several years. The time series for
Cabot Stralt has recently been updated (Bugden, BID, personal
communication). The data show that In recent years temperatures have
steadily declined such that by November, 1991, the average temperatures in
200-300 m depth .range had fallen to near 4.5°C (Fig. 24). This is the
lowest mean deep water temperature Iln Cabot Stralt sipnce the late 1960s.

Warm-core Rings

The life history of anticyclonic warm-core Gulf Stream rings in the
reglon from 45°W to 75° durlng 1991 was derived from the NOAA/NWS
Oceanographic Analysls maps and from the "State-of-the-Ocean: Gulf of Malne
to the Grand Banks" reports !ssued monthly at the Bedford Institute of
Oceanography., Owing to the relatively common occurrence of cloudy or foggy
conditions, partlcularly in the eastern half of the reglon, several weeks
may elapse between clear thermal images of the sea surface. Consequently
there 1s frequently uncertainty about the creation or continued existence of
a particular ring and, therefore, the statistlcs derived solely from this
data source should be vlewed cautlously.

A total of 32 warm—core rings were present in the area during some
portion of 1991, seven of which survived from 1990 into the new year. Five
of the 25 new rings which formed in 1991 persisted inte 1992. At least 12
of the rings formed in 1991 had a lifespan exceeding 2 months, Rings, whose
destruction cccurred in 1991, ranged In age from less than a week to more
than 8.5 months and had a mean life of approximately 3.5 months. The
statistics of ring formatlon and ring presence, complled by =zones, each
coverlng 2.5" of longitude, are shown in Fig. 25. Only 2 rings formed west
of 65°W with a. maximum of 5 generated Iin the 55-57.5°W and the 45-47.5°W
zones. The number of rings present In each of the longitude zones varled
from 3 Lo 9:with the highest number (9) in the adjacent zones between 57.5
to 62.5°W. The distribution of rings present in the zones, glven the areas
of formatlon, reflect westward propagatlion.

SUMMARY

Strong climate anomalles hlghlighted 1991. Severe cold conditions were
observed in the waters off northern and eastern Newfoundland. Sea surface
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temperature data from ships-of -opportunity showed that annual SST anomalles
were negative for ‘the Labrador Shelf, the Grand Banks, Flemlsh Cap, and the
southeastern Newfoundland Shelf. Temporally, the largest anomalles occurred
durlng the late spring and summer months with the maximum negatlve anomaly-
occurring on the Grand Banks in mid summer (3 to 4°C below normal). - In
contrast, warmer than normal SST ancmalles were ‘recorded from the central
Scotlan Shelf to the Mid-Atlantic Bight with the amplitude of -the anomaly
increasing southward, This gradient in annual SST anomaly was also observed
at coastal stations and colncided with a southward . increase in air
temperature anomalles. The deep waters off Newfoundland at Station 27
showed colder-than-normal -temperatures throughout the year and contlnued a
pattern’that has persisted since 1983. In the Laurentlan Channel at Cabot
Strait the average temperature for the depth range 200-300 m decreased for
the " third consecutive year and was the coldest recorded in two decades..
Cold conditions also prevailed in the deep waters of Emerald Basin. These
cold temperatures were not observed in the bottom waters at the Prince 5§
Station at the mouth of the Bay of Fundy. Temperatures off West Greenland
were also near normal in contrast to the cold conditions of f Labrador and
Newfoundland., Sea lce was severe throughout the reglon as it formed early,.
spread more rapidly than normal, and persisted longer than usual. Ice was
held Inshore along the northern Newfoundland coast by unusually strong and
perslstent easterly winds. ) .
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Table 1. Monthly SST anomalies in degrees Celsius for 1991 from

-... the: long~term base period 1971-90. The area names are shown on .

- GB

" Fig. 4.
 Area Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec k

CF- -0.81 -0.25 .78 0.68 0.54 0.53 1.26 0.08 -0.21 0.40 -0.64 -1.23

0

LS -0.12 -0.32 0.07 -0.32 0.78 - -0.31 -0.86 -0.21 -0.02 -0.14 0.29
- LCS -0.68 - 0.8 0.19 - =2.18 -0.27 -1.38 -0.64 -0.01"  0.52 -0.49

OLC -0.46 -0.46 -0.28 0.53 -0.59 -2.23 -2.21 -2.53 -1.39 -0.10 0.34 -0.28

ILC 0.35 0.21 0.10 0.07 -1.25 -1.74 -1.65 -1.39 -1.50 0.25 1.11 0.47

FC' -0.49 -0.16 -0.42 -0.64 -1.27 -1.65 -1.51 -2.83 -0.54 ~0.76 - 0.06 -

CGB -0.09 -0.06 -0.35 -0.43 ~-0.85 ~-1.99 -3.10 -1.80 -0.81 -0.22 0.46 .0.47

WGB -0.38 0.09 -0.11 -0.35 -0.47 -1.49 -2.54 -1.76 -1.22 0.02 0.96 -0.25

sSP 0.59 -0.27 -0.04 0.11 0.24 0.53 -0.02 -0.86 -1.22 -2.22 1.14 0:42.

GSL -0.74 -0.89 -0.45 0.33 0.43 0.05 -0.01 0.17 -0.48 1.10 1.27 0.65

‘ESs 0.5 0.22 0.48 0.36 -0.07 0.39 0.33 -0.53 -0.78 0.47 1.07 0.11

SI 0.02 .0.16. 0.20 0.01 -0.15 -0.55 ~-0.96 ~0.70 -0.47 -0.09 -0.11 -0.28

SH 0.04 0.32 -0.11 0.74 - =-0.18 -0.39 0.11 -2.15 0.46 0.37 0.98

ILHB 0.23 -0.01 1.66 0.82- 0.69 1.14 0.34 0.91 0.13 0.89 0.67 -0.22

BR- --0.07 0.24 0.89 0.06 1.47 0.76 0.13 0.29 -0.54 0.46 0.14 1.32

Y 0.37 ' 0.15 0.58 0.30 -0.62 0.52 0.40 -0.57 -1.09% 0.31 1.17 1.18

GOM 0.26 0.30 0.13 0.41 - 0.76 -0.44 -0.26 -0.28 0.29 -0.32 0.13

- 0.16 1.03 0.72 0.39 1.36 0.99 0.34 -0.46 -0.62 0.84 -0.53 -0.12

SNE 0.33 0.62 0.65 1.53 2.62 -0.41 1.08 -0.01 -0.01 2.30 0.34 -0.19

MAB -0.15 1.51 1.70 1.72 2.56 1.10 1.34 0.35 0.24 0.35 0.03 0.36

ESW 1.44 -1.33 -0.70 0.12 -0.15 -1.79 -1.80 -0.43 -0.39 0.23 0.68 1.24

WSW: -0.10 -1.31 -0.72 -0.94 -0.35 -0.09 -0.20 -0.73 -0.87 -1.75 -0.92 0.47.

GS .. 0.19 -0.44 -0.20 0.81 1.26 0.28 0.42 -D.14 0.26 -0.53 -1.32 -0.43

SS  0.66 0.45 0.57 0.35 -0.11 -0.24 -0.67 0.12 -0.50 -0.18 0.03 -0.06

CF - Cape Farewell SH = South Shore

LS - Labrador Shelf LHB - LaHave Bank

LCS - Labrador Coast BR - 'Browns Bank

OLC - Outer Labrador Current Y - Yarmouth

ILC - Inner Labrador Current GOM - Gulf of Maine

FC - Flemish Cap GB - Georges Bank

CGB - Central Grand Bank ‘ SNE - Southern New England

WGB - Western Grand Bank MAB - Mid~Atlantic Bight

SP - St. Pierre FSW - Eastern Slope Water

GSL - Gulf of St. Lawrence , WSW - Western Slope Water

ESS - Eastern Scotlan Shelf GS - Gulf Stream

S1 Sable Island Bank _ SS - Sargasso Sea
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Fig. 1. Monthly air temperature anomalies (°C) over Canada in 1991
relative to the 1951-80 means. Shaded areas are positive
anomalies. (From Climatic Perspectives, Vol. 13)
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'Fig. 3. Annual air temperature anomalies (°C) over Canada in 1991 relative
to the 1951-80 means. ‘Shaded areas are positive anomalies. -(From |

Climatic Perspectives, Vol. 14)
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Fig. 5. Seasonal sea-surface air pressure anomalies (mb) over ‘the North
Atlantic 1n 1991 relative to the 1951-80 means.
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Fig. 6. The 'h.is'i;orical ‘mean (upper left), the 1991-monthly mean . (lower '
left) and the monthly.anomaly (right) of the height in decametres
‘of the 50 kPa atmospheric pressure field for January 1991.
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hglght in decametres of the 50 kPa atmospheric pressure field for
spring (top), summer (middle) and autumn (bottom). ‘

Fig. 7.
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Fig, 17. Contours of the .monthly mean sea-surface temperature anomalies for
24 areas in:the NW Atlantic Qcean.
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Fig. 22. The monthly means and the 25-month running means of the
temperature anomalies for Prince 5, 0 and 90 m.
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Fig. 23. Temperature anomalies (relEtive to 1951-80) at Emerald Basin at
250 m. . . . .
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~ Flg. 24. Mean temperatures for 200-300 m in Cabot Strait.




Fig. 25.
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Warm-core Gulf Stream rings in the region between 45°W and 75°W
during 1991: (A) the chart of the area of interest;- {B) the number
of rings generated In each 2.5° zone of longitude; and (C) the
number of rings present in each 2.5 zone during some part of the
year.
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