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ABSTRACT

A review of environmental conditions on the continental shelf regilons
and adlacent offshore areas off eastern Canada during 1992 is presented.
Near record cold alr temperatures persisted throughout the year in the
coastal regions bordering the Labrador Sea. Cold ajir and accompanylng
strong northwesterly winds during the winter resulted in early. lce
formation, a greater areal extent than normal and late retreat of ice off
northern Newfoundland and southern Labrador. New records for duration of
ice were established in some areas of the outer northern Newfoundland shelf.
At Station 27 ocean temperatures were generally below normal throughout the
water celumn. The near-bottom waters warmed slightly from last year but
were still colder-than-normal, centinuing a trend that began 1in 1983.
Salinitles were also below normal during most of the year. The areal extent
of the cold intermediate layer in summer off northern Newfoundland and
southern Labrador decreased relative to last year but remained above normal.
The cold conditlons observed In the early 1990s are similar to those In the
early - 1970s and mid-1980s. On the Scotlan Shelf and in the Gulf of Maine,
sea surface temperatures were generally below normal throughout most of "the
year. In the basins and channels the deep waters warmed considerably from.
last year, due te an lntrusion of warmer slope water. The shelf/slope front
and the Gulf Stream both were north of thelr long-term mean positions.

INTRODUCTION

Thls paper provides a review of environmental conditions in the
Northwest Atlantic during 1992 .and 1s based upon selected sgets of
oceanographic -and meteorologlcal data as well as information from. research
documents prepared for the NAFO @ Scientific Council. Environmental
conditions 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 period (1951-1980) in accordance with the convention of the World
Meteorological Organization - and recommendaticn of the NAFO Scientific

Council. This report is the eleventh in a series of annual overviews to
NAFO. . .

METEOROLOGICAL OBSERVATIONS

Alr Temperatures

The Atmospheric Environment Service of Canada publishes the monthly
mean alr temperature anomalles for Canada in the Monthly Supplement to
Climatic Perspectives. The anomalles are calculated relative to the 30- -yr
mean 1951-80. Along the Labrador Shelf and northern Newfoundland negative
anomalles persisted throughout ‘moest of 1992 (Fig:.: 1). The’ coldest anomalies
(-6°C} occurred ‘in February. from Baffin Island to the southern Labrador
coast. In this region negative anomalies persisted through the remainder of
the winter, into spring and through most of the summer. While temperatures
rose above nermal in September and October, they agaln fell below the
leng-term mean in November and December.. Cold alr masses also covered most
of the area between the Gulf of St. Lawrence and the Gulf of Maine during
1992 although the strength of the anomalles were generally weaker than those
further north. Only in May, August and September were temperatures in the
southern regions of eastern Canada above normal,




The predominance of colder-than-normal alr temperatures in 1992 is also
clearly evident 1n the monthly anomalies from six coastal sites from Godthab
in Greenland to Sable Island off Nova Scotla (Fig. 3). The locatlon of the
statlens are shown in Flg. 2. The data from Gedthab indicate that the
spatial extent of the cold air mass extended throughout the Labrador Sea.
Temperatures in 1992 were typlcally colder than in 1991 (Fig. 3),

The annual air temperature anomalles show colder-than-normal conditlons
over all of eastern Canada, In contrast to the warmer-than-normal
-temperatures in the west (Fig. 4). The coldest region extended from central
Baffin Island teo southern Labrador and included Hudson Strait where annual
alr temperature ancmalies exceeded -2°C. Over most of the remainder of the
eastern Canadian marine areas the annual anomalies ranged from -0. 5°C to
-1°c. These generally exceeded the standard deviations of the long-term
means (Trites and Drinkwater, 1986); off Baffin TIsland and the northern
Labrador coast by upwards of 1°C. Iqualuit recorded the 2nd coldest year
since the station opened in 1945 (-2.7°C) with only 1972 belng colder. It
was the 3rd coldest year in Cartwright since its beginnings in 1931 (-1.7°C)
and the coldest in over 50 years in St. Johms (-1.2°C). Similarly, Godthab
1n Greenland recorded the 3rd coldest winter this century (-2.8°C) with only
1982 and 1983 being chiller.

The itime serles of temperatures (25-month running means) at the six
sites in Fig. 2 are plotted in Fig. 5. The interannual variability since
1970 at Godthab, Iqualult, Cartwright, and, to a lesser extent, St. John's
have been dominated by large amplitude fluctuatlons with periods of 5-10 yr.
There has alsc 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 the early 1990s. Temperature anomalies at Iles de la
Madeleine and Sable Island were of much lower amplitude, showed no slgns of
a downward trend since '1970, but did contalin minima in the early 1970s and
the mld-1980s although not in the 1990s.

Sea Surface Air Pressures

Monthly mean sea-surface pressures over the North Atlantlc are
published In Die CGrosswetterlagen Europas by Deutscher Wetterlerst,
Of fenbach, 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 Florida and northern Africa (Thompson and Hazen, 1983). The
strengths of the. Low and. High vary seasonally from a wlnter maximum to a
summer minimum. Seasonal anomalies of the sea-surface pressure for 1992

relative to the 1951~80 means are shown in Fig. 6. Winter includes December
1991 to February 1992, spring ls March to May, summer is June to August and
_autumn is September to November.

In winter a negatlve anomaly was centered over Greenland and Baffin Bay
(exceeding -8 mb) and stretched southward te the Scotian Shelf. This
contrasted with a center of positive anomalles {maximum of 12.6 mb) over
western Europe. Such a pressure pattern promotes strong cold northwesterly
winds over the Labrador Sea and relatively warm southeasterly winds to the
Norwegian Sea between Eurcpe and Greenland. The negative anomaly Iis
consistent wlth a westward shift in the positlon of the Icelandic Low. - In

spring the . Icelandic Low deepened {upwards. of -6 mb) -while the

Bermuda-Azores High strengthened (up to 5 mb}. This would have Iincreased
‘the westerly winds, especially over the eastern North Atlantic and western
Europe. The summer ancmaly pressure pattern was dominated by a low (minimum
of -4.5 mb) centered over the northeastern North Atlantic. It would cause
anomalous northeasterly winds along eastern Greenland with the distinct
possibility of enhancing the flow in the East Greenland Current and hence
its component of the West Greenland Current. Also, anomalous easterly winds
would have developed over much of eastern Canada. Onshore winds in summer
may have contributed to the cold conditions observed in the region In July.
In autumn a negative pressure anomaly developed over England and the eastern

North Atlantic. Anomalous highs developed over Greenland and off the
southern Unlted States and western Afrlca. Thls pressure pattern would have

generated increased soulhwesterly wlnds over the soulhorn NAIU rcglun and
‘decreased northwesterly winds over -the Labrador Sea. !

NAO Index

The North Atlantic Oscillatjon (NAD) Index is the difference in winter
(December, January and February) sea level pressures between the Azores and
Iceland and is a measure of the strength of the winter westerly winds over
the northern North Atlantic. Cecld temperatures and heavy ice in the
Labrador Sea area are generally associated with a strong positive NAC index.
The annual Indices pletted .in Fig. 7 were derived from the measured menthly
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mean sea level pressures at Ponta Delgada in the Azores minus those at
Akureyri in Iceland. Missing data were filled from adjacent stations,- The
NAO anomalles were then calculated by subtracting the 1951-80 mean. In 1992
the NAD anomaly was strongly positive indicative of higher-than-normal
westerly winds across the North Atlantic. This continues a trend of above
average 'NAO anomalles that began around 1980. Over the past 30 years there
has been large decadal varlabillity superimposed upon a general upward trend

from a minima in.the mld-1960s. Note that the three most recent peaks in .

the NAC® index roughly correspond with the cold periods in the Labrador Sea
(Flg 5).

Upper Atmosphere Pressures

The heights of the 50 kPa pressure fleld (approximately 5000 metres
above the earth’s surface) over the northern hemisphere are published in the
Monthly supplement to Climatic Perspectives by Envircnment Canada. The mean
for the winter (December 1991, January and February 1992) and the anomalies
relative to the 1951-80C means are plotted In Fig. 8.  Normally there is a
low, known as the Arctic Vortex, centered over the Arctic Islands. In 1992,
it had deepened wlth a. trough extending over eastern Canada, a pattern
similar to last year. This produced negatlve upper level alr pressure
anomalies over the Labrador Sea and eastern Canada and induced
stronger-than-normal northerly- and northwesterly f{low over the reglon,
consistent with the sea level pressure anomalles. Positlve upper level air
pressure anomalles were observed over the Unlted States and western Europe.
The 1992 wintertlme pattern is similar to the pattern identified as
producing "cold" winters (Findlay and Deptuch-Stapf, 1991) and heavy lce
years (Agnew and Sllis, 1991).

SEA ICE OBSERVATIONS
Newfoundland and Labrador

Informatlon on the location and concentration of sea ice 1s available
from the dally ice charts published by Ice Central of Environment Canada in
Ottawa. The long-term medians, maximum and minimum positions of the 1ice
edge (concentrations above 10%) for the years 1962 to 1987 were published by
Coté (1989), Colder-than-normal air temperatures during December of 1991

resulted in early ice fermation off southern Labrador. Accompanying
northwesterly winds helped to advect this ice southward causing a greater
areal extent of sea ice than normal at month's end (Flg. %a)l. Through

January, the ice pushed further socuthward so that by the beginning of
February the ice was near its maximum southern extent (Fig. %a). By March
the ice coverage was still more. extensive than normal with the eastern edge
near the long-term maximum positicn.although the southern edge lay between
the median and maximum. The southern edge retracted durlng March and by 1
April it was located further north along the Newfoundland coast than normal
(Fig. %b). Offshore, however, the lice edge exceeded lts long term maximum.
Through April to July the lce coverage was generally greater-than-normal
laylng intermediate between the long-term medlan and maximum.

The Ice Climatology and Applications Dlivision of Environment Canada
undertakes an annual analysis. of tce conditions off the east coast of
Newfoundland and southern Labrador and ‘in the Gulf of St. Lawrence by
determining the time of onset, duratlion and last presence of ice at 24 grid
sites (Filg. 10}. For each site, the extracted data included ice duration in

weeks for- the 1991/1992 season, mean duration for all years of record, as

well as mintmum, maximum and mean duration for years- when ice was present
(Fig. 11, Table 1), For the area east of Newfoundland and southern
Labrador, the ice appeared early and typically left late (Fig. 11, 12). An
exception is the earlier-than-normal disappearance of ice off southeastern
Newfoundland. New records for the’latest date of the last appearahce of ice
were established offshore.of northern Newfoundland (N64, N66 and N68). The
late presence resulted in the.duration of ice at sltes N66 and N114 equaling
_their long-term maxima (Filg. 13). Except offshore of southern Labrador
(N23)," the ice duration exceeded the long-term mean by more than a week.

. lce was not observed at sites N25, N27 or .N70, however, At has never

appeared at ‘the latter .two. sites and only reached N25 -in 2 out of 33 years

The monthly time serles of the areal extent of ice on the northern
Newfoundiand and southern Labrador shelves (between 45-55°N) from 1963 to
1992 are shown in Fig. 14. In January through April there has been a
general lIncrease in the area of lce over the past 30 y. In additlon, there
are maxima in the early 1970s, the mid-1980s and the 1990s, corresponding to
air temperature minima in the Labrador Sea (Fig. 5) and maxima in the NAD

Index (Fig. 7). The 1992 areas from January to June were well above average
and often near maximum values,



Icebergs

The number of lcebergs that pass south of 48°N: 1atltude in each year 1is
monitored by the International Ice Patrol Division of the United .States
Coast Guard. Silnce 1986, data have been collected with SLAR (Side-Locking
Airborne Radar). During the 1991/92 lceberg season (October to September),
a total of 876 icebergs were spotted south of 48 °N. The monthly totals for
February to September were 69, 53, 99, 230, 103, 171, 132 and 19 (Flg. 15).
No icebergs were spotted from October, 1991, to January, 1992. This
differed slightly from prevlious years ln the relatlvely large proportion of
icebergs observed late 1n the season. In the primary iceberg season of
March to August, 788 icebérgs were observed which represeénts 90% of the
annual total. The total number of lcebergs in 1992 were similar to those
recorded in 1990, 3 to 4 times those between 1986 and 1989 but only half
those observed in 1991 (Flg. 15). Several factors would have contributed to
the relatively high number of bergs in 1992, Anomalously cold alr
temperatures would have caused a slower rate of melting than normal. Also
the late persistence of sea ice especially’in the offshore areas of Labrador
and northern Newfoundland would help to preserve the 1icebergs through
reduced wave action.

Gulf of St. Lawrence

Durlng the second half of December, 1991, below normal temperatures
over the northern Gulf with accompanying mean northwesterly winds caused ice
to form along the north shore of Quebec, in the St. Lawrence Estuary and
along the western Magdalen Shallows including northern Prince Edward Island
and most of the Northumberland Strait. This resulted in above normal lce
coverage by the end of .December (Flg. 16). During the first half of
January, above normal air temperatures (by approximately 2 °C) resulted in
little new ice forming so that by the 15th of the month lce condltions were
near normal, A cold Arctic air mass over the reglon in the second half of
‘the month caused in a rapld spread of ice such that by 1 February the Gulf
was covered and the ilce edge extended southward to western Cape Breton.
During February continued cold air and northwesterly winds pushed the lce
further onto the Scotian Shelf. The Gulf remained ice covered in March. due
to cold temperatures. On 1 April the ice edge extended further south and

west reaching near 45°N and 61°W. At this time it was much closer to the
maximum extent than the medlan. In May ice still covered the southern
Magdalen Shallows, surrounded Cape Breton Island, and was located off
western Newfoundland including the Stralt of Belle Isle. This was again
more extensive than normal. Early in May, light scuthwesterly winds caused
air temperatures to rise above normal and hastened the ice retreat. By
mid-May some ice stlll lay between Cape Breton Island, Prince Edward Island
and Iles de la Madeleine and 1n the northeastern Gulf but by the end of the
month all regions of the Gulf except Belle Isle Stralt were generally clear
of . ice {Fig. 9b).

The first presence of lce was early along the northern shore of Quebec
but late offshore of Cabot Strait (Fig. 11, 12). Except north of Anticostl
Island, the 1lce retreated later than normai with new records set for the
presence of last ice on the Magdalen Shallows (sites G22, G231, G33). The
ice duratien (Flg. -13) was agaln longer than nermal and equaled the maximum
on the northwestern Magdalen Shallows' {G22) and off. the eastern tlp of Cape
Breton {(G8T).

. OCEANOGRAPHIC OBSERVATIONS :

Fylla Bank

H&drographic condltions in West Greenland 1nciuding the NAFO standard
section across Fylla Bank were monitored during June 1992 by the Royal
Danish Administratin of Navigation and Hydrography in Copenhagen, Denmark

(Buch, MS 1993}). This area is influenced by the relatively cold
low-salinity water of the East Greenland Current and.the warm hlgh-salinlty
vater of  the Irmlnpel Fu:rﬂnl In 1909 tha mean lemperaturs. on Lap of

. Fylla” Bank® was ‘up sllghtly (0.2°C) Fiom* a.minimum In 1990 ‘and is ‘well below
the long-term (1950-1990) average. The temperatures resemble those obtained
during the cold periods arcund 1970 and 1983, These cold condltions are
attributed to the extremely cold air temperatures over the reglon (Buch, MS
1993; Stein, 1993).

Station 27

Measurements of temperature and sallnity have 'been routinely téken
since 1946 at Station 27 located approximately 10 km off St. John's,
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Newfoundland. This slte 1s representatlve of the inshore Labrader Current.
The station was visited 53 times in 1992, with a monthly maximum of 11 1n
May and a minimum of 1 in January, March and August. The data were
collected at, or linearly interpolated to, standard depths (0, 10, 28, 30,
50 75, 100, 125, 150 and 175 m) and monthly means were calculated for each
depth. The monthly averaged temperatures and salinitles in 1992 together
Wwith thelr anomalies relatlve to.1951~80 are‘shoun in Flg. 17.

Monthly mean surface temperatures at Station 27 were all below norma]

-in 1992 with anomalies ranging from near zerc in May and June to near -2°c

in July and October (Fig. 17, 18). Throughout the water column temperature
anomalies were generally below normal. Exceptions were the upper layer
waters. {10-50 m depth) durlng the spring and early summer, with a peak value
of 1.7°C at 30 m 1n July, and from 50-125 m 'In December when temperatures
vere jJust above normal. [Ihuring September and COctober anomalles exceeded
-1°c throughout most of the top 75 m with a minimum .ln excess of -3 °c at
50 m in September Near bottom {175 m) temperature anomalles ranged between
-0.2°C and -0.8°C (Fig. 18).

Petrie et al. (1992} examined the relationship between winds and air
temperatures on the water temperatures at-Station 27 for the period 1963-86.
They found that wind and alr temperatures could account fer 53% and 504 of
the varlance of 0-20 m and 75-150 m layer, respectively. Most of the
variance was accounted for by air temperature. Based on their regression
analysis and using alr temperatures only as the geostrophic wlnds were not
available past 1989, the water temperatures at Station 27 for the .period
1987-92 were predicted (Drinkwater et al., 1992a). The predicted and
observed values were all below normal for the entire perlod (Fig. 19).
There was poor agreement for 1987 but reasonable correspondence after that.

Surface salinities at Station 27 were fresher than the long-term mean
by as much as 1 psu in February (Figs. 17, 18). This continued the below
normal sallnities observed in late 1991. From March to June surface
salinities increased to slightly above normal but fell below normal during
the remainder of the year. In the subsurface waters salinitles were
typically fresher than the long-term mean in 1992 with the largest negative
anomalies occurring in the waters above S0 m at the beginning of the year
and during the summer. Saltier conditions than normal occurred in the upper

" layer ;waters in spring and through much of the water column in autumn. The

salinity-cod relationship first noted by Sutcliffe et al. (1983) and updated
by Myers et al. (1993) suggests that cod recruitment ln 1992 would be low
based on the below normal salinities in ‘the upper 50 m during the summer:

The time series of monthiy temperature anomalies at Station 27 at 0,
50, 100, 150 and 175 m for 1970 to 1992 are displayed as bar graphs in Fig.
20. Note that the temperature anomaly scale fer O and 50 m is larger than
for 100 m and -deeper. At the .surface, 1992 continued the persistent
negative anomalies that began last year. Progressing deeper. in the water
column, there was a tendency towards less hlgh-frequency variability and a
dominance of low-frequency fluctuations. As well the anomalies over this
period were predominantly negative. (Note that ancmalies in the sixties
were above average.) At 100, 150 and 175 m negative anomalles . have
persisted almost continuously since 1983, The coldest periods roughly
correspond to those ldentified as years of cold alr temperature anomalies,
heavy ice, and high NAD index, 1.e. the early 1970s, the mid-1980s, and the,
1990s. ‘ . .

CIL

On the contlnental shelves off eastern Canada from Labrador. to the
Scotlan Shelf, intense vertically mixing and convection during winter
produce a celd layer that overlays a warmer deeper layer or cccasionally may
extend to the.bottom. Wlth spring heating, ice melt and increased river
runoff, a fresh warm surface layer develops. The-strong stratification in
this upper layer inhibits heat transfer downwards, and the waters below
remain cold throughout the spring and summer. The latter are called the
cold intermediate layer {(CIL) waters.

Four Btandﬂrd hydrographlc |:nnun(1u (Hrmljton nnnk of f White Buy, aff
Bonavista Bay "and along 47 N) ‘are occupled "éach year during the summer by
the Northwest Atlantic Fisheries Center 1n St.” John's, Newfoundland.: The
areal extent of the CIL, defined by waters <D°C, along each transect and the

‘average of all of the transects are pletted in Fig. 21. The data are

expressed as a ratio relatlve to the means over the perlod 1978-92. The
annual variability in the cross-sectional areas of the CIL are hlghly
correlated between transects, a result observed earlier by Petrie et al.
(1992). In 1992 the CIL was slightly above normal having decreased from the
peak values in 1990 or 1991, The area of the CIL along the four transects
show a maximum around 1984-85, a mlnimum in 1986-87, and the peak in 1990-91
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(Flg. 21). The CIL maxima correspond roughly with minima 1n the water and
air temperatures and maxima in lce coverage as had also been noted by Petrie
et al. (1992).

Offshore SST Data

Sea-surface temperature {SST) data from the "marine deck" observatlons
{obtained primarily from shlps-of-oppertunity through the ship’s intake and
research vessels) were supplied by the U.S5. Marine Fisheries Service. The
pattern of monthly SST anomalles for 19 regions along the continental shelf
from Chesapeake Bay to southern Labrador (Fig. 22) for 1992 are compared to
earller years (Fig. 23). Negative SST anomalies developed 1n the Middle
Atlantic Bight (areas 1 to 4) durlng the spring and continued through untl]
autumn, In the north negatlve anomalies were observed especially in the
summer from Cape Race to Hamllton Bank. By autumn, however, SST anomalies
rose to over "1°C above normal off northern Newfoundland (areas 14 to 17).
From Cape Cod to Cape Race SST anomalles were generally low with only
temperatures in September off Cape Breton (areas 10 and 11) exceeding the
1°C threshold {Flg. 23}.

SST anomalies were also determined for a larger reglon of the Northwest
Atlantic (35°-60°N, 40°-76°W) extending from .the southern boundary of the
NAFO area northward to southern Greenland, As in past reviews [e.g.
Drinkwater and Trites, 1991), the region was divided inte 24 smaller areas
(Flg. 24) to colnclde with major water masses (Labrador Current, Gulf
Stream, etc.) or fishing banks (Lahave, Georges, etc.). The monthly mean
temperature for each area was computed for 1992. ‘The annual ancmalies for
1988 to 1992 and the mean annual temperature for the base perlod (1972-90)
are listed in Table 2. The weans and ancmalies vary slightly from those ln
previous revlews because the latter were determined relatlive to 1972-80. A
space~time plot of the annual ancomalies for the 24 areas durlng the 1972-91

period 1s shown in Fig. 23.

‘The 1992 annual pattern shows predeminantly negative SST anomalies over
the Labrador Shelf, the Grand Banks, the Gulf of Maine and the Middle
Atlantiec Bight (Flg. 2S5, 26; Table 2). Slightly warmer-than-normal
conditions prevaled in the Labrador Sea, the Gulf of St. Lawrence and
offshore in the Slope Water between the Scotian Shelf and the Grand Bank. to
Cape Hatteras. The peak negative anomalies were recorded in the offshore
branch of the Labrador Current (<-0.8°C) and on the Middle Atlantlc Bight'
(<-0. 6 C) Peak positive anomalies were recorded in the Slope Water
(>0.6°C).  This represents the third consecutive year of below normal SSTs
in the area of the Grand Banks and Labrador Shelf, In contrast, the cold

temperatures over the Middle Atlantic, Bight represent a change from
warmer-than-normal ‘condltions observed over the past 3 years.' The
similarity in, the sign of the SST anomalles on the Grand Banks and the’
mid-Atlantic Bight differs from the osclllating temperature trends between
these two areas that has been prominent through most of the 1980s and into
the early 1990s (Fig. 25).

The time serles of annual mean anomalles of SST for the 24 areas are
shown in Fig. 27. The 1992 values on the Labrader Shelf. in the Labrador
Current, on Flemish Cap and on the central Grand Bank were at or near the
minima recorded 1n the mld-1980s and the mld-1970s (Fig. 27A). In these
reglons, the recent temperatures have declined by '0.5-1°C from highs in
1988. In the Gulf of St. Lawrence, off southwestern Newfoundland and on
Scetlan Shelf, the annua! anomalies were near rnormal (Fig. 27B). A
significant decrease in the SS5T anomalles between 1991 and 1992 were
recorded on the continental shelves from LaHave Bank south. The largest
drop was recorded in southern New England and on the Middle Atlantic Blght
(Fig. 27C). -For the second year in a row, the Slope Water "in the eastern
area was warmer-than-normal while 1n° the' western reglon 1t was
colder~than=normal (Flg. 27C). - Temperature variabllity in the Gulf -Stream
and Sargasso Sea has been low through the perlod 1971 -92.

Coastal SST data

Monthly averages of SST are avallable from Halifax Harbour in Nova
~Seotia, 5t. ‘Andrews in.New' Brunswick, 5 and’ Boothbay ‘Harbor. in Maine. - The .
'monthly mean temperature’ anomalles relative to the 1951 -80 long term

averages (Trites and Drinkwater, 1984) at each of the sites for 1991 and
1992 are shown in Fig. 28 The St. Andrews temperatures have in recent
years been measured using continually recording thermographs. Problems with'
the instrument used during the first 7 months of 1992 resulted in poor
quality data. For this period, 1 have calculated the means using
temperatures from a thermistor located on the wharf at the Biclogical
Statlon that were recorded 6 times daily. These data were further adjusted

based on the comparison between the thermograph and the thermistor during
the last 5 months of the year.



Durlng 1992 the- coastal S5ST anomalies at the three sites were
predominantly negative with temperatures- never reaching above normal at
either St. Andrews or Halifax (Flg. 28). Temperatures at Beoothbay were
warmer than the long-term mean during 4 out of the first & months of the
year but were below normal for the last balf of the year. October and
November were much colder-than-normal in the Gulf of Maine (an anomaly of
approximately -1°C) while at Halifax anomalles exceeding -1 °C occurred ln
February through April and agaln in August and September..

Annual BST mean temperatures for 1992 were 8.8°C (equaling the -

long-term mean) at Boothbay Harbor, 6.8°C (0.5°C below normal) at St.
Andrews, and 7.0°C (0.8°C below normal) at Halifax. The long-term trends as
shown in Fig. 29 reveal that the temperatures at all three sites have
decreased over.last year. This reverses the recent trend of increasing
temperatures observed over the past couple of years at Boothbay Harbor and
St. Andrews. At the latter site, SSTs have been below the long-term normal
since the mid-1980s. The beginning of this period coincides with the
recopstruction of the wharf at St. Andrews Blological Station where the
measurements are recorded. Drinkwater et al. (1992b) noted inconsistencles
between the pre- and post-reconstructlon periods through comparisons with
Prince 5 data. Differences In 55Ts were signiflcantly greater after the
reconstruction with St. Andrews being lower than Prince 5. They speculated
that the negative ancmalies In the late 1980s and early nineties at St.
Andrews may, in large part, be due changes in the flow characteristics in
and around the  wharf resulting from the reconstructlon rather than
reflecting a true decrease in temperature in the regin.

Temperatures and salinities in the Mid-Atlantic Bight

Monthly monitering of water column temperatures and surface salinltles
on a transect extending seaward from New' York Harbor across the shelf into
‘the Slope Water by the Northeast Fisherles Sclence Center in Narragansett,
Rhode Island, continued in 199 for the seventeenth consecutive year (Benway
et al., 1993). Consistent with the marine deck SST data, the near surface
annual average temperature was found to be approximately 0.5°C cooler than
the long-term mean (1978-91). Surface salinities were 0.7 psu above normal
averaged over the year due to high values near shore in January through
March and in July and August and at the shelf break during June and July,
Bottom temperatures averaged 0. 3°C cooler for the transect durlng the year.

Temperatures and salinities In the Gulf of Maine

The Noriheast Fisheries Science Center also occupies a transect across
the Gulf of Malne from Massachusetts Bay to the western Scotian Shelf
(Benway et ,al., 1993). . Surface and bottom temperatures and surface
salinities have been collected monthly for the past sixteen years, In 1992
below noermal (relative to 1978-91 mean) SSTs were recorded during January
through May and in the autumn resulting in an annual average, of 0.6°C‘below
the long-~term mean for the entire transect. Surface salinities were 0.4 psu
below normal on average in 1992. Bottom temperatures in the Gulf of Malne
Wwere generally near normal during the year with an average anomaly over the
transect of -0.1°C. The negative anomaly was due primarily to the cold
bottom temperatures on the Scotlan Shelf where anomalles were -0.9 C for the
year.

Prince 5

Temperature and salinity measurements are taken once per month at
Prince 5, a station off St. Andrews, New Brunswick, near the entrance to the
Bay of Fundy. Monthly ancmalies relative to the 1951-80 means were
calculated  for 1992. Single measurements per month, especially in the
surface layers in the spring or summer, under stratified conditlons are not
necessarily representative of the “"average" conditions for the month and
therefore the interpretation of the anomalies must be viewed with some
caution.” No significance should be placed on any individual anomaly but
persistent anomaly features are llkely to be real. - There.is generally
strong similarlty in the anomaly. patterns of both temperature and salinity

In i1l years thoughnut Lhe waler column. Thin rilsl tve homegenai Ly of the ", -

water column 1s due In large part to the strong tidal mixlng 1n the Bay of
Fundy. .

In 1992, temperatures .ranged from a minimum of less than 2°C in
February and March to a maximum of Just over 10°C in the near surface watérs
in August and September (Fig. 30). 'The temperature anomalles throughout the

year were negative, except at the surface in January. Anomalies exceeded

-1°C in May and during the summer and -2°C in the near surface waters in
July and deeper in the water ceolumn in August. The long-term temperature
records at surface and S0 m for Prince 5 show high similarity (Filg. 31).
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The annual anomalies in 1992 were -0.7°C at both the surface and bottem
(90 m), a decrease from last year’s means. The dominant high and low at
both depths were in the early 19505 and the mld 1960s, respectlvely, with
recent values near the long-term mean (Fig. 31). There has, however, been a
gradual decrease slnce the late 1970s at 90 m .and the mid-1980s at the
surface.

Salinities at Prince 5 durlng 1992 were -fresher-than-normal throughout

the water column except in the very surface waters in April and May (Fig.

30). The lowest salinities (<31.5 psu) occurred during the late spring and

" summer months.© Anomalous sallnitles of -1 psu were observed in the surface

in August and -0.5 psu In the upper 50 m in July and August and between 25

and 50 m in May. It appears that the low salinities that normally appear in

the spring penetrated deeper in the water column .in 1992. and persisted

longer than normal. The long-term salinity record. (not plotted) shows
high-frequency variability with no low-frequency pattern.

Emerald Basin Temperatures

Petrie 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 hlgh temperature variance at
low frequencies {(decadal perieds). This signal was more visible at depth
(below 75 m) where the low-frequency variance was higher and there was less
high-frequency (year-to-year) wvariability. High coherence at these low
frequencles was found throughout the water column as well as horizontally
from the mid-Atlantic Bight to the Laurentlan Channel although year-to-year
differences were observed. 1In 1992 six CTD profiles or BATFISH traces were
obtained in Emerald Basin from research cruises, The time -serles of
temperatures from 250 m are plotted in Flg. 32 as anomalles from the monthly
means averaged over the period 1951-80. The 1on§—term annual average is
8.1°C and the monthly means range from 7.1°C to 9.2°C. In 1992 temperatures
rose to approximately 9.3 °c resulting in anomalies of 1 9-2°C above -normal.
These anomalles were representative of conditions below 75 m. They contrast
sharply with the 1991 anomalles of below -1%c. In the upper layers
(0-50 m), temperatures were below normal during 4 of the 5 months in 1992
when measurements were taken. These near-surface negative anomalies are
consistent wlth the coastal measurements of SST at Halifax and St. Andrews
and the temperatures throughout the water column (0-90 m) at Prince 5. The
rise in temperature is belleved to be due to an 1ntrusion of warm slope
water late in 1991 or early in 1992.

Cabot Strait Deep Temperatures

Bugden {1991) investigated the long-term temperature variability in the
deep waters (200-300 m average) of the Laurentian Channel in the Gulf of St.
Lawrence {rom data collected between the late 1940s to 1988, The
variability was dominated by low-frequency (decadal) fluctuations with no
discernible seasonal cycle. A phase lag was observed. along the major axis
of the chanpel such that events propagated from the mouth towards the St.
Lawrence Estuary on time scales of several years. The updated time serles
based upon ice forecast crulses conducted by the Bedford Institute in
November-December show that temperatures declined steadlly between 1988 and
1991 to their lowest value since the late 1960s (near 4.5°C and an anomaly
of exceedlng -0. 59 C Fig. 33). In 1992, however, temperatures rose
dramatically to 5.3°C (an anomaly of 0.2°C]. This rapid increase ls
consistent with the temperature pattern ln the deep waters in Emerald Baslin
and most llkely reflects changes in the slope water characteristics near the
meuth of the Lau;entian Channel {Bugden, 1991; FPetrie and Drinkwater, 1993).

" Shelf/Slope Front

The waters on the continental shelves off eastern Canada have distinct
temperature and salinlty characteristics from those found in the adjacent
deeper offshore -waters, known as sglope water. The relatively narrow
boundary between these water masses is called the sheif/slope front and 1ts
surface expression is regularly detected 1in satellite thermal 1imagery.
Recently tilme sertes, of the: position of thls. front _and . of | the northern
boundary of the hulf Stream between 50°W. and 75°W- have been * assémbled
through digitization of satellite derived SST'charts pubiished weekly by the
U.S. Naval Oceancgraphlc Office. {experimental ocean frontal apalysis (EOFA)
charts; 1973-May 1980) and tri-weekly by NOAA through the National Weather
-Service and the National Environmental. Satellite Service (the Oceanographlc
Analysis (0A) charts; May 1980 to present). From January 1973 until May
1978, the EOFA charts only covered the region northward to Georges Bank, but
In June 1978 the areal coverage was extended to include the Scotian Shelf
and the Grand Banks. The tlme series consists of the monthly means of the
position of the shelf/slope front In degrees latitude at each degree of
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longitude. Since the front s conveluted and may cross any degree of
longitude several times the northern most pesition was used. The years 1973
to 1990 were used to determine the long-term monthly means. These were
subtracted from the yearly wvalues to cbtaln anomalles. The monthly
anomalies were then averaged to obtain an annual average.

The overall average position of the shelf/slope front together with the
minimum and maximum monthly mean values are shown in Flg. 34. The mean
position 1lies close to the 200 m ischath along the mid-Atlantic Bight,
separates slightly from the shelf edge off Georges Bank and then runs
between 100-300 km from the shelf edge off the Scotlan Shelf and the
southern Grand Banks In 1992 the shelf slope front.between 75 W {Cape
Hatteras) and 65°W {eastern Georges Bank) lay near 1ts long-term average
(Fig. 35). However, from 65°W to 55°W the 1992 average posltion increased
gradually to a peak of 0.6 degrees latitude (ca 67 km} north of the mean.
The anomalous positions east of 55°W decreased rapidly and were south of the
long-term mean off the Tail of the Grand Banks. The latter continue the
trend of southerly anomalles begun Jjust prior to or during 1990 {Flg. 36).
West of 55°W anomalles have generally been north of, or near to, the
long-term mean during the past several years. :

Gulf Stream Front

Time series of the positlion of the northern boundary or “wall" of the
Gulf Stream were also determined from satellite imagery (the EOFA and OA
charts). Similar to the shelfr/slope front, the serles consists of the
monthly position at each degree of longitude from 75°W to 50°W. In the case
of multiple crossings the mean rather than the northern most position was
- used. Anomaly patterns using the northern or southern most positions show
like variabllity tec the mean, however. The average position of the north
wall of the Stream ls shown In Fig. 37. The Stream leaves the shelf break
near Cape Hatteras (75°W) running towards the northeast. East of
approximately 62 W the average position of the Stream lles east-west.
Durlng 1992 the Gulf Stream was positicned north of its mean location by an
average of approximately 0.3-0.4 degrees latlitude (ca 35-45 km; Fig 38). A
northward displacement of the Gulf Stream was also noted by Sigaev (1993).
This displacement may be caused by geostrophic adjustment to a weaker Gulf
Stream flow. The long-term anomalles of the position of the Stream at each
5° of longltude between 75° and 50°W show that the Gulf Stream has been
north of 1ts mean positlon during the last three to four years (Fig. 39}.
There 1is hlgh variablility at each degree of longitude with differences
between longitudes although a pattern of a southward position during the
late 1970s, near normal through most of the 19805 and northward in the late
1980s and into the 19905 ig observed at most longltudes,

Warm-core Rings

Meanders in the Gulf Stream sometimes break off from the main current
forming anticyclonic eddies that trap warm Sargasso Sea water 1in thelir
center. These rings can interact with the waters on the shelves through
entrainment off the shelf into the slope water if the rings are close enough
to the shelf break. The life history of these warm-core Gulf Stream rings
In the region from 45°W to 75°%W durlng 1992 was derived from the NDAA/NWS
Oceanographic Analysls mups end from the "State-of-the-Ocean: Gulf of Malne
to the Grand Banks" reports issued monthly at the Bedford Institute of
Oceanography. Owing to the relatively common occurrence of cloudy or foggy
conditicns, partlcularly in the eastern half of the reglon, several weeks
may elapse between clear thermal images of the sea surface. Consequently
there is frequently uncertainty about the creation or continued exlstence of
a particular ring and, therefore, the statistics derived solely from this
data source should be vieWed cautiously.

A total of 25 warm-core rings were present in the area durlng some
portion of 1992, five of which survived from 1991 into the new year. Three
of the 20 new rings which formed in 1992 persisted into 1993. COnly 4 of the
rings formed In 1992 had a lifespan exceeding 2 months. - Rlngs, -whose
destruction occurred in 1992, ranged in age from 8 d to almost 10.5 months
and had a mean . life of.- approximately 3.5 months. . The statistics of ring
formation and ring presence, compiled by zones, each coverlng 2 5 of
longitude, are displayed in Fig. 40. Only 1 ring formed west of 65 "W and a
maximum of 4 were generated in the 62.5-65°W. The number of rings present
in each of the lohgitude zones varied from 1 to 6 with the highest number in
the adjacent zones between 62.5 to 67,S°N. The distribution  of - rings
present In the zones, glven the areas of formatlon, reflect westward
propagatlon. The maximum pumber of rings (3) formed in July, noné formed In
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February or November, one formed in October and two rings formed in ech of
the remalning months,

SUMMARY

As 1n recent years, 1992 saw severe cold condltions over southern
Labrador and northern Newfoundland. A strong negatlive air pressure anomaly
was observed during the winter above the Labrador Sea in both the sea level
and upper atmospheric data that lead to strong northwesterly winds. These
winds carrled cold Arctic alr southward resulting in alr temperature
anomalles at several sites around the Labrador Sea reaching near record
lows. The low temperatures and strong northwesterly winds led to early ice
formation and a greater southern extent than normal on the southern Labrador
and porthern Newfoundland shelves. Ice, in general, stayed much later than
normal leading to a longer-than-average ice duration, Cold ocean
temperatures were observed at Station 27 throughout the majority of the year
and the negative anemalies in the near hottom waters continued a trend of
below normal temperatures for most of the past ten years. Bottom
temperatures did, however, rise gradually through the year, The areal
extent of the CIL was slightly above normal having decreased from a maxima
in 1990 and 1991. On the Scotian Shelf and in the Gulf of Maine sea
temperatures in the surface at coastal stations, throughout the water celumn
at Prince 5, and in the upper 50 m in Emerald Basin were below normal in
1992. In contrast temperatures in the deep waters of Emerald Basln and in
Cabot Strait were above normal showing a rapid rise from the very low values
observed last year. These are belleved to have resulted from intrusions of
warm offshore slope waters into the deep baslns and channels on the shelf.
The shelf/slope and- Gulf Stream fronts lay north of their mean positions.

OUTLOOK FOR 1993

The cold alr temperatures .in the Labrader Sea area during the last
several years appear to be contlnuing in 1993 based on measured temperatures
in January through April. The cold air has been accompanied by strong
northwesterly winds. This combination has produced a large areal extent of
ice that is near its long-term maximum. In the Gulf of St. Lawrence and on
the Scotlan Shelf alr temperatures -ln the first three months of 1993 were
also below normal and some of the coldest In recent years. This has
produced a heavy ice year in the Gulf with accumulations at times extending
as far south as Halifax on the Scotlan Shelf, much further than normal. In
addition, greater amounts of local ice have formed aleng the bays and inlets
of the Atlantlc coast of Nova Scotla. By April air temperatures had risen
to near or slightly above the long-term mean and the ice was beging to
retreat quickly although more ice than normal was obgerved in the Gulf.

On the basls of a cold winter In 1993 and conditions during the last
several years 1 expect lower-layer water temperatures In the Newfoundland
area to again be colder-than-normal and a greater areal extent of the CIL.
Surface layer temperatures .ln the ‘winter and spring are expected to be
colder. -than-normal. -~With heavy concentrations of ice off Newfoundland'
salinities should be fresher than the long-term average in the spring and
summer agaln thls year. Glven the extremely ccld winter in the Gulf of St.
Lawrence, on the Scotian Shelf and in the Gulf 'of Maine, surface ocean
temperatures through to sprlng are expected .to be colder-than-normal.
Summer and autumn surface ocean temperatures off Newfoundland :and further
south will depend on the local heat fluxes durlng those: seasons. Initial
indicatlons, however, point to 1993 being a cold year.
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TABLE 1. Historical data on presence and duration of sea lce at 24 sltes
of f eastern Canada and lce duratlon at these sites in the 1991/92
{October-September) lce year with 199091 data Ln parentheses.

Ice Duratlon (weeks)
- Yrs Over~

Seasons ¢ of with When lce present all 1991-52
Site studied ¥Yr lce Min Max Mean Mean _(1950-91}
&-7 §7/68-91,/92 25 25 5" 16 10.5 10.5 12 {9)
G-10 76/77-91/92 - 16 3 17 11.6 11.6 14 {15)
G-12 67/68-91/92 25 25 2 15 11.6 11.6 14 {12)
G-22 76/77-91/92 16 16 7 14 11.9 11.9 14 {12)
G-31  68/69-91/92 24 2] 8 17 12.0 12.5 15 (14)
G-33  Ti/72-91/92 21 21 2 14 10.5 10.5 13 (14}
G-35 59/60-31/92 i3 17 1 11 3.5 1.8 2 (1}
G-86  76/77-91/92 i6 16 6 23 16.2 16.2 20 (20)
G-87 70/71-91/92 22 21 1 12 7.5 T.1 12 (9)
N-19  66/67-91/92 26 26 17 2 23.8 23.8 24 (32)
N-21 67/68-91/92 25 25 5 28 18.2 18.2 24 (18)
N-23  59/60-91/92 33 27 1 17 5.0 4.1 3 (6)
N-25 59/60-91/92 33 2 1 1 1.0 0.1 o (@
N-27 59/60-91/92 33 o] 0 [¢] 0.0 0.0 o (o)
N-62 67/68-91/92 - 25 25 8 27 18.6 18.6 25 (27)
N-64  59/60-91/92 33 3z 3 25 12.8 12.4 24 (22)
N-66 59/60-91/92 I3 27 1 16 .81 6.6 16 [(10)
N-68 59/60-91/92 33 14 1 10 2.9 1.5 4 (3],
N-7G  6G/61-91/92 .32 4} ] Q 0.0 0.0 0 (o)
N~i08 S5%/60-91/92 a3 27 1 17 5.9 4.8 6 (12)
N-110 53/60-91/92 33 26 1 12 5.0 3.9 7 (10}
N-112 $5/60-91/92 a3 13 1 10 3.8 1.5 4 (3)
N-114 59%/60-91/92 33 4 1 2 1.5 0.2 2 (0)
N-228 59/60-91/92 33 22 1 14 5.5 3.6 7 (11)

TABLE 2. Mean sea-surface temperatures for selected areas of the Northwest

' Atlantic ln 1971-90 and anomalles for 1988 to 1992 relative to the
base period. (Geographic locatlons of water masses are shown 1n
Fig. 24. Blank space lndicates that annual average not computed
when data missing for one or more months.) :

" Water Mean Temp. .Annual anomalles (°C)
Mass 1971-90 1988 1983 1990 1991 1992
CF 4,22 .57 -0.10 d.15 0.09 - 0.20
15 5.57 0.17 -3.03 -0.34 -0.10 0.24
Lcs T 2.08 ~0.28 ’ -0.57
oLe 5.18 o.07 0.01 -0.38 -0.81 -0.86
ILC 5.11 0.57 0.46 -0.07 -0.41 -0.43
FC 7.88 0.52 ©0.04 -0.46 -0.85 -0.68
cGB 6.77 0.74 0.47 -0.12 -0.73 -0.57
WGB 6.34 G.41 0.13 -0.15 -0.62 -0.04
SP 6.14 0.19 =0.22 -G.22 0.23 -0.13
GSL 6.00 0.15 0.11 -G.11 0.12 0.21
ESS 7.29 -6.15 0.26 ¢.01 0.22 0.11
SI §.38 ~0.29 0.42 -0.28 -0.25 ~0.05
SH 8.07 -0.34 0.45 0.17 0.04 -0.12
LHB 8.92 -0.67 0.14 .06 Q.61 -0.19
BR 9.00 -0.01 0.5 0.63° . 0.43 0.03
Y 7.64 0.03 0.38 0.27 0.22 ~0.35
GOM 9.65 -0.45 G. 14 0.15 0.08 -0.47
GB 10,17 -0, 30 0.09 0.45 0.36 ~0.42
SNE 12.34 -0.30 0.57 1.33 0.73. ~-0.35
MAB 14.89 =-1.17 0.11 0.45 0.%3 © -0.67
ESW 15.64 -0.04 0.51 0.19 ~-0.24 0.53%
WSW 18.21 ~0.53 -1.07 -0.62 -0.63 -=0.45
GS 22.99 ~-0.16 0.14 G.40 0.0% 0.14
0 0.16 -0.

0.25

.18,

55

22.25

. 0.04

10
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Monthly air temperature anomalles (°C) aver Ca‘nada in 1992
relatlve to the 1951-B0 means. . Shaded areas are positive

anomalies. (From Climatic Perspectives, Vol. 14)
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Flg. 2. Map showing coastal alr temperature statlons.
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The North Atlantic Oscillatlon [Index defined as the wlnter

(December, January, February) sea level pressure at Ponta Delgada
in the Azores mlnus Akureyrl ln Iceland. .

#1240 - 92001

nu - Hor

Fig. 8.

The mean (left) and the anomaly (rlght) of the helght in
decametras of - the 50 kFa atmespheric pressure fleld during the
winter (December 1991, January and February 1992} (From Climatic

Perspectives, Yol. 14)
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Fig. 9a. The location of the ice edge together with the historical
(1962-1987} madian and maxlmum posltlons off Newfoundland and
Labrador between December 1991 and March 1992,
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Flg. 9b. The locatien of the lce edge together with the historlcal
{1962-1987) medlan and maximun positions off Newfoundland and
Labrador between April and July 1952.




Flg.

Fig.

1¢. PLocatlon of 24 grid polnts in the Northwest
statlstics hava been extracted from lee charts.
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Presence of First Ice 1991/92
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Fig. 12. The date of the presence of first (top) and last {bottom) ice
relative to the long-term mean. Clrcles not surrounded by shading
indlcate sltes where the lce advance was withln 1 week of thelir |
mean dates. Early or late advance or retreat refers to
differences exceeding 1 week. Sltes marked as no ice means that
ice was not present anytlme through the ice peason. !
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Flg. 13.

_ " Il
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i Exceeds Mean Duration 1% Lass Than Maan Duration [F] Equals Maximurm Duration

The duration of ice relatlve to the long-term mean. Circles not
surrounded by shading indicate sites where the duration was wlthin
I wewk of the mean. Shadlpng Indicates a duration longer or less
than the mean by greater than 1 week.
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Fig.

The locatlon of the Ice

edge

together with the hlstorieal
(1962-1987) median and aaxlmum positions In the Gulf of St.-
Lawrence between December 1931 and May 1992,

Station 27
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17. HMonthly temperatures and sallnities and thelr anomalies at Station

27 as a functlon of depth durlng 1992 relatlve to the 1951-80

means. Shaded areas are positive anomalies.
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STATION 27
TEMPERATURE ANOMALIES 1992
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Fig. i8. Mon

thly temperature and salinlty anomalies at 0, 100, and 175 @

at Statlon 27 durlng 1992.

STA. 27 T ANOMALIES 1987-02
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Fig. 19.

Predicted March temperature anomalles ‘at Statlon 27 (1587-1992).
for 0-20 m (solid square] and 75-150 m (open -square) along with
the observed temperature anomalies for January-March, where
avallable (taken from Drinkwater et al., 1992). The predicted
temperatures are based upen the regression between alr and water
temperatures for 1963-86. '
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CIL AREA (INDIVIDUAL YEAR/AVERAGE)
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The tlme geries of wonthly mean tem'perat.ure anomalies at 0, 50,

100, 15G and {75 m at Statlon 27,
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Flg. 21.
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The time series of the area of the CIL for the four standard
sectlons off southern Labrador and northern Newfoundland.
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Fig. 22. Llocatlons of 19 areas in the Northwest Atlantic (Chesapeake Bay tc
southern Labrador] for whlch sea-surface temperature data were
grouped for analysls.
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Fig. 23. Contoured monthly sea-surface temperature anomalies [relatlve to
the 1971-80 neans) for the 1971-90 period by area (Flg. 20). (Only
anomalles exceeding 1°C {black) and less than -1°C (dotted) which
extended In space through at least two nelghbourlng areas and in
time for at least two consecutive months have been contoured.)
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Fig. 24. The geographlc boundaries of the 24 subregions for which sea
surface temperatures were analyzed on a monthly basis.
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Flg. 25. Distribution of positive {+) and negative (-) apnual sea-surface

temperature anomalles in 1972-90 by subreglon (Fig. 24) relative
to the 1972-80 means. . {Cnly apomalles lesz than -0.15°C and
greater than +0,15 C were used in drawlng the ¢ontours. )
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SEA SURFACE TEMPERATURE ANOMALY
1992 ANNUAL MEAN

50 *

40"

T T T
To* &0 50°
Flg. 25. Contours of the anhual mean sea-surface temperature ancmpalies
1991 for 24 areas in the NW Atlantic Ocean.
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Fig. 27A. The annual temperature ancmalles (relat}ve to 1971-90] for
the offshore aress — Cape Farewell to Weatern Grand Bank.
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Monthly temperatures and malintties nnd thelr ancmalles at Prince
5 as a functlen of depth during 1992 relative ta the 1951-80
Beang. Shaded areas ars posltlve anomalles.
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Fig. 31. The ponthly means and the 25-month running means of the
temperature anomalles for Prince 5, O and 90 m.
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Fig. 22.

Temperaturs anomallea (relative to 1951-80) 2zt Eserald Basin at

250 m.
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_Flg. 33. Temperaturs anomallgs {relative to 1951-90) for 200-300 m in Cabot
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SHELF/SLOPE FRONT
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Fig. 35. The 1992 anomzlles of the shelf/slope fromntal position ralatlve to

its long-term mean.
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Flg. 36. The monthly and flltered tlme serles of the anomalles of the
shelf/slope frontal position at each 5° of longltude between S50°W

and 75°W.
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Flg. 37. The long~term {1973-90) mean position of the northern boundary of
the Gulf Stream and the wmaxlmum and minimum of the monthiy
BVBI‘BIBS.
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Flg. 38. The 1992 anomalles of the Gulf Stream frontal peslticen relative te
its long-tern mean. :
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