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ABSTRACT

A review of physical oceanographic conditions on the Scotian Shelf and in the Gulf of Maine and adjacent
offshore areas during 2002 is presented. Warm and salty conditions tended to domi nate most of the Scotian Shelf
and Gulf of Maine areasin 2002. Mean annual sea-surface temperature at Boothbay Harbor was the 3 warmest in
97 years and at St. Andrews the 9" warmest in 81 years. Particularly warm waters were observed in the Gulf of
Maine at all depths in the Bay of Fundy at Prince 5, in Georges Basin, on Georges Bank and on Lurcher Shoals.
Where salinity data were available, such as at Prince 5, waters tended to be saltier-than-normal. At Halifax Station 2
(H2) the surface and near bottom layers were warmer-than-usual but at mid-depths they varied through the year
between colder and warmer than average. Waters at all depths at H2 tended to exhibit above normal salinities.
Similarly warm waters were found in the deepest reaches of Emerald Basin and in the upper 50 to 100 m over
Misaine Bank and in Sydney Bight. In these latter two areas, the lower layer waters tended to be on the cold side.
Cabot Strait deep-water (200-300 m) temperatures measured on the high side of normal. Exceptions to the warm
conditions included the SSTs at both Halifax and over most of the Scotian Shelf during the groundfish survey in
July. Subsurface temperatures and salinities on the Shelf varied spatialy but tended to be domi nated by positive
anomalies. There was a noticeable increase in bottom temperatures compared to 2001, however. The vertical
stratification in the upper water column (between surface and 50 m) over the Scotian Shel f conti nued to weaken in
2002 relative to the last few years, and was below normal for the second consecutive year. The annual mean
positions of the Shelf/Slope front and the Gulf Streamwere similar to those observed in 2001. The Shelf/Slope front
was seaward of its normal position while the Gulf Stream was shoreward of its normal position.

Introduction

This paper describes temperature and sdinity characteri sti cs during 2002 of the waters on the Scotian Shelf and
in the Gulf of Maine (see Fg. 1 for the study area). The results are derived from data obtained at coastd sea surfece
stations and long-term monitoring stations, along standard transects, on annual groundfish surveys, and from ships-of-
opportunity and research cruises. Most of the data are available in the BIO historica temperature and sdinity (AFAP)
database (http://www.mar.dfo-mpo.ge.ca science/oceanydatabasel data-query.html), which is updated monthly from the
dataarchive at the Marine Environmental Data Service (MEDS) in Ottawa. The analysesin this paper use data up to and
including the 8 January 2003 update. Additional hydrographi c datawere obtained directly from DFO fisheries personnel.
In addition, we provide information on the position of the Gulf Stream and the boundary between the shelf waters and
the offshore d ope waters. New this year we are including i nformation on sealevel data fromHalifax. Thisrepresents the
fourth year that the environmental reviews for the F sheries Oceanography Committee (FOC) are being presented as part
of the Atlantic Zonal Monitoring Program (AZMP).



In order to detect long-term trends, we have removed the potentidly large seasona cycle by expressing
oceanographic conditions as monthly deviations from their long-term means (caled anomalies). Where possble, long-
term monthly and annual means have been standardized to a 30-yr average, using the base period 1971-2000 in
accordance with the convention of the recommendati ons of the Northwest Atlantic F sheries Organi zation (NAFO, 1983)
and DFO's FHsheries Oceanography Committee (FOC). Meteorologicd, sea ice and satellite-derived searsurface
temperature information for eastern Canada during 2002 are described in Drinkwater et al. (2003a). Of particular
rdevance for the Scotian Shdlf and the Gulf of Ma ne was that air temperatures and sea surface temperatures over most
of the northwest Atlanti c during 2002 were warmer-than-normal and for the Scotian Shelf therewaslessice.

Coagtal Sea Surface Temperatures

Monthly averages of coastal sea surface temperature (SST) for 2002 were available at Boothbay Harbor in
Maine and Halifax in Nova Scotia. Data from St. Andrews in New Brunswick were available for 10 months of 2002,
with no data for January and February and most of 2001 due to instrument failure. The monthly mean temperature
anomaliesreative to the 1971-2000 |l ong-term averages at each site for 2001 and 2002 are showninFHg. 2.

At Boothbay Harbor in 2002, dl tweve months experienced positive temperature anomalies, thus continuing
the warm conditions of the past severd years. The anomalies equaled or exceeded 2 standard deviations (based upon the
years 1971-2000) in 6 months (March, April, July-October) and one standard deviation in 5 other months (January,
February, May, June and November). At St. Andrews, 9 of the 10 months of data had positive anomalies and in 5
months the anomalies exceeded 1 standard deviation (March, April, August-October). In contrast to the warm
conditions at Boothbay Harbor and St. Andrews, Hdifax temperatures were mostly below normal (8 out of the 12
months). The first four months of 2002 were above normal but the remainder of the year was below normal.
Temperature anomaliesin June 2002 at Halifax exceeded 2 standard deviations and in another two months (January and
August) they exceeded one standard deviation. The maxi mum monthly anomalies were 3.6°C at Boothbay in August,
1.3°C at St. Andrewsin both September and October and -2.3°C at Halifax in June.

Time series of annual anomalies show that the surface temperature at Boothbay Harbor and St. Andrews
have been above their long-term means in recent years and generally increasing since the mi nimumin the late-1980s
(Fig. 2). The annual mean temperature in 2002 at Boothbay was 10.6°C, which is 1.8°C above the 1971-2000 mean.
This temperature i s the war mest observed since the mid-1950s and the 3¢ warmest year in the 97-year record. At St.
Andrews, because of the missing data in the first two months, a true mean temperature for the year can not be
determined. However, the average of the anomalies for the remaining ten months suggests an annual anomaly of
0.6°C, which would make it the 9" warmest year there in its 81-year record. At Halifax the annual average for 2001
was 7.4°C and 0.4°C below its long-term mean. Thisis similar to conditions in 2001 and those experienced in the
late-1980s and 1990s.

Fixed Stations
Prince5

Temperature and sdinity measurements have been taken since 1924 at Prince 5, a station near St. Andrews,
New Brunswick, adjacent to the entrance to the Bay of Fundy (Fig. 1). It is the longest cortinuously operating
hydrographic monitoring site in eastern Canada. Prior to the 1990s, data were obtained using reversing thermometers
and water bottles. Snce then data have been collected with a CTD (Conductivity, Temperature, Depth) profiler. Up to
and induding 1997, there was only one observation per month but since 1998, multi ple occupati ons per month have been
taken. For months with multiple measurements, an arithmetic average was used to estimate the monthly mean
temperature and sdinity. A single observation, or even three per month (especidly in the surface layersin the spring or
summer when some stratification can develop) may not necessarily produce results that are representative of the true
monthly "average" conditions. While thisisless of a problem in such a well-mixed area as the Bay of Fundy, still the
interpretation of the anomalies must be viewed with some caution. No significance should be placed on any individual
monthly anomaly, but persstent anomaly features are likely to be red. The general verticd smilarity in temperatures
over the 90 mwater column is due to the strong tidal mixing within the Bay of Fundy.

In 2002, monthly mean temperatures ranged from a minimum in March of 3.3°C at the surface to a maximum
in September of 12.8°C, again near the surface (Fig. 3, 4). Monthly temperature anomalies were dominated by positive
values throughout the year with the only negative anomalies appearing in the top 50 m in May (Fg. 3). The highest



positive anomaly (1.8°C) occurred in January near the surface and anomalies were >1°C throughout most of the water
column from January to April and in October. The annual mean temperatures exhibit high year-to-year variability with
evidence of strong long-term trends (Fig. 4). The temperature patterns at both the surface and 90 mare smilar. These
include colder-than-normal temperatures prior to 1945, throughout the 1960s, and again in the mid-1980s to mid-1990s.
The later years of the 1990s exhibited positive anomalies. In 2002, the annual temperature anomalies throughout the
water column were positive and increased relative to 2001. These positive anomalies continue the long-term warming
trend that began in the early-1990s. The maximum annual temperatures at this Site occurred in the early-1950s and the
mini mumin the mid-1960s.

The sdinity at Prince 5 showed atypicd annual cyclewith|owest vauesinthe spring (May) at the surface (31)
and the highest values (>33) near bottom in the autumn (Fig. 3, 5). The sdinity anomalies were positive throughout the
year except bdow 50 m in April (Fg. 3). Maximum anomalies (>0.5) occurred at the surface in May, June and
November (Fig. 5). Annual sdinity anomalies in 2002 were well above their long-term means at all depths with the
highest value at the surface (0.45). There have been large interannual fluctuations in sdinity, but the longer-term trends
show that sdinities generdly freshened from the late-1970s to at |east the late-1990s. The lowest sdinities on record at
Prince 5 occurred in 1996. These sdinity changes pardlded events in the deep waters of Jordan and Georges Basin and
appear to have been related to advection from areas further to the north (Smith et al., 2001; Drinkwater et al., 2003b).
Salinities rose above normal by 1999 and have remained there with the highest values in the last 3 years recorded in
2002.

Halifax Line Sation 2

As pat of the AZMP, a standard monitoring site was established in 1998 on the Scotian Shelf. Based on
representativeness and logistic considerati ons, the sdected site was Station 2 on the Hdifax Line (Fig. 1). This station,
hereafter referred to as H2, is Stuated approxi mately 30 km off the entrance to Halifax Harbour in about 150 m of water
at theinner edge of Emerald Basin. It wasfdt that it was far enough offshore to avoid extensive contami nation by high
frequency upwelling and downwdling but close enough to shore to be able to be monitored on a monthly basis using
small vessds if necessary. Hydrogrgphic measurements are taken using a CTD. In addition, nutrient and biologicd
sampling are conducted. Inthis paper we only report on the hydrographi ¢ i nformation. The long-term monthly means of
temperature, sdinity and dendty (s gma-t) were discussed in Drinkwater et al. (2000).

Surface temperatures at H2 ranged from<2°C to >18°Cin 2002 (Fig. 6). Near-bottom temperatures typicdly
rose to their highest leve (>8°C) in the summer. R ative to the long-term means, surface and near bottom waterswere
both predominantly above normal throughout the year. At mid-depth in the region of the cold intermediate layer, they
varied almost equally between positive and negative anomalies. Maxi mum positive temperature anomalieswere on the
order of 4°C in both the surface layers in July and the bottom waters in February and October, whereas the minimum
anomalies were bdow -2°C in the vicinity of the thermocline during June and again in August-September. The
temperature anomaly patterns suggest that there was more Cold Intermediate Layer (CIL) water than usual at this sitein
2002, the stratification was stronger, and the mixed layer depth was shdlower. The high positive anomalies at depth
suggest the deep Emerdd Basin waters were warmer-than-usual or that their shoreward penetration extended into
shallower depths, perhaps due to upwdling.

Sea-surface sdinities were highest during the spring and generally lowest (<31) in the winter, asis typicd. At
subsurface depths, sdinities rose during the summer, reaching maxi mum val ues (>34) near bottom. Thisdso is typicd
of the seasond pattern and is believed to be associated with coastd upwelling. Relative to the long-term means,
sdinitieswere primarily sdtier-than normal, with fresher conditions occurring in March, June and October.

In the surface layers, stratification began around April-May increasing in intensity through to August-
September. During autumn, the surface layer heat and low sdinity waters were gradually mixed down to 30 m and
deeper, resulting in a decrease in the depth of the isopycnals (lines of constant density or sigma-t). Sgma-t anomalies
indicated large variahility but generdly near normal stratification below the pycnocline. Within the pycnocline, the
densities anomalies varied with a stronger tendency for above normal densities.



Deep Emerald Basin Temperatures

Emerald Basinislocated in the central Scotian Shelf. The waters in the deep layers of the Basin underwent
rapid cooling in 1998 i n response to the appearance of cold Labrador Slope Water at the shelf edge i n the autumn of
1997 and its subsequent transport onto the shelf (Drinkwater et al., 2000). In 1999, warm temperatures reappeared in
the Basin as the Labrador Slope Water retracted northward and was replaced by Warm Slope Water. The time series
of temperature anomalies at 250 m shows this cooling and subsequent warming (Fig. 7). Domi nant i n the ti me series
are the cool period of the 1960s and the relatively warm periods of the 1970s to the 1990s. In 2002, the water was
warmer-than-normal by approxi mately 0.2°C. Thisis similar to 2000 and 2001 but well beow the val ues recorded
through the early-1990s. While the 250 m temperature anomalies are usual ly representative of the lower |ayers from
100 m to the bottom, this was not the case in 2002. The annual anomalies at the standard depths in Emerald Basin
and their error of the means were estimated from the available monthly val ues. They show that the slightly above
normal temperatures were confined to the bottom 50 m, where as the 75 mto 175 m layer tended to be colder-than-
normal, although not significantly so (Fig. 7). The upper 50 m was predomi nantly warm but only the top 10 m are
considered significantly above the long-term mean.

Other Scotian Shelf and Gulf of Maine Temperatures

Drinkwater and Trites (1987) tabulated monthly mean temperatures and salinities from avail abl e bottl e data for
irregularly shaped areas on the Scotian Shelf and in the eastern Gulf of Maine that generdly corresponded to topographic
features such as banks and basins (Fig. 8). Petrie et al. (1996) updated the information using these same areas but
containing all avalable hydrogrgphic data. In this report we produce monthly mean conditions for 2002 at standard
depths for sdected areas (averaging any data within the month anywhere within these areas) and compare them to the
long-term averages (1971-2000). Unfortunately, data are not available for each month at each areaand in some areasthe
monthly means are based upon only one profile. Asaresult, the series are characterized by short period fluctuations or
spikes superimposed upon |ong-period trends with amplitudes of 1-2°C. The spikes represent noi se and most often show
litle similarity between regions. Thus care again must be taken in interpreting these data and little weight given to any
individud mean. The long period trends often show smilarity over severd areas. To better show such trends we have
estimated the annual mean anomaly based on all available means within the year and then cal culated the 5-year running
mean of the annual values. Thisissimilar to our treatment of the Emerald Basn data.

Drinkwater and Pettipas (1994) examined long-term temperature time series for most of the areas on the
Scotian Shelf and in the Gulf of Maine. They showed that the temperatures in the upper 30 m vary greatly from month
to month, due to atmospheric heating and cooling. Also, at intermediate depths of 50 m to approximately 150 m,
temperatures had declined steadily from approxi mately the mid-1980sinto the 1990s. On Lurcher Shoals off Y armouth,
on the offshore banks and in the northeastern Scotian Shelf, the temperature minimum in this period goproached or
matched the mini mum observed during the very cold period of the 1960s. This cold water wastraced through the Gulf of
Maine from southern Nova Scotia along the coast of Maine and into the western Gulf. Cooling occurred at
approximately the same time at Station 27 off St. John's, Newfoundland, on St. Pierre Bank off southern Newfoundland
(Cdbourne, 1995), and in the cold intermediate layer (CIL) waters in the Gulf of St. Lawrence (Gilbert and Pettigrew,
1997). Fromthe mid-1990s, temperatures at these depths have been warming, eventual ly reaching above normal va ues
throughout the region by 2000 (Drinkwater e al., 2001). Bdow, we describe temperature conditions in severd
representative areas of the Scotian Shelf and Gulf of Maine.

In Sydney Bight (area 1in Fig. 8) off eastern Cape Breton, mean profiles were avail able for 5 months of 2002
(FHg. 9). In the surface layer, data were only available during July and September, and these show strong positive
temperature anomalies in the top 50 m. The maximum anomaly (>7°C) was at 30 m in September. Below 50 m,
however, there were predominantly weak negative monthly temperature anomalies. The annual anomalies were not
considered dgnificantly different than zero in this depth range. The time series at 100 m shows high temperature
anomalies in the 1950s that fell to a minimum around 1960 and then rase steadily through the 1960s (Fg. 9).
Temperatures remained relatively high during the 1970s. By the 1980s temperatures began to decline and by the mid-
1980s dropped to below normal with a minimum anomaly around -1°C in the early-1990s. Temperatures remained
below normal through 1998, but were dowly risng from the early-1990s. Above normal temperatures were reached in
1999, fdl in 2001 and remained low until late in 2002 when they rose above the long-term mean.



Monthly mean temperature profiles for Misaine Bank on the northeastern Scotian Shelf (area 5in Fig. 8)
were collected in 7 months of 2002. They show primarily warmer-than-normal temperatures in the top 100 m but a
tendency to be below normal at depths of 150 m and greater (Fig. 10). This pattern is reflected in the annual
anomaly profile, which indicates that while the surface anomalies are considered significantly different than zero,
those in the lower half of the water column generally are not. The time series of the 100 m temperature anomalies
shows an increase in 2002 from negative values in 2001 (Fig. 11). Thisis a return towards the anomalies observed
in 1999 and 2000. These positive anomalies contrast with the predominantly negative anomalies from the mid-
1980s to the late-1990s. Asin Emerald Basin, the long-term temperature trend indicates rel atively high temperatures
inthe 1950s. They then declined and at Misaine Bank reached a minimum around 1960, several years earlier than
areas further to the southwest. Temperatures were near normal from the late-1960s to the mid-1970s before rising to
a maximum in the late-1970s. By the late-1980s, temperatures fell below normal and reached a record sustained
minimum of around -1°C in the first half of the 1990s. From the early-1990s to 2000, as in Sydney Bight,
temperatures slowly but steadily increased.

Lurcher Shoalsislocated off Yarmouth, Nova Scotia (area 24 in Fig. 8). This area exhibited war mer-than-
normal temperatures in the 6 months of 2002 when data were available (Fig. 12). The annual anomalies indicate
values of 1°-2°C, which are considered statisticaly significant. The time series at 50 m clearly shows the large
increase in 2002 following the decline to below normal temperatures in 2001 (Fig. 13). The increase in 2002
represents a return to anomalies observed in 1999 and 2000. Temperatures over Lurcher Shoals tended to be highin
the late-1940s and early-1950s, declined to a mid-1960s minimum, rose rapidy into the 1970s and remained above
normal into the mid-1980s. As in the northeastern Scotian Shelf, temperatures declined by the mid-1930s to be ow
normal reaching a long-term minimum in the early-1990s. Although there were a few positive monthly temperature
anomalies, annual mean temperatures and most monthly means remained b ow normal through the 1990s until 1999.

Georges Basin is located near the southeastern entrance to the Gulf of Maine (area 26 in Fig. 8) and is
connected to the offshore slope water through the Northeast Channel. Data were collected in 8 months of 2002.
Annual anomalies were warmer-than-normal throughout the water column, al of which are considered significantly
different from zero (Fig. 14). The maximum amplitude was at 75 m and was approxi mately 1°C. Temperatures in the
deep regions (200 m) of Georges Basin (FHg. 15) show astriking smilarity to those near bottom in Emerdd Basin (Fig.
7). Thisincludes the very cold conditions in 1998 and generdly warm temperatures from 1999 through 2002. Also
similar inthe two basinsis the minimumin the mid-1960s, the sharp rise to a peak in the early-1970s, and the generally
above normal values until 1998. The similarity inthe two basinsis not surprising given that the source of the waters for
both isthe offshore Slope Waters (Petrie and Drinkwater, 1993).

Temperature conditions were also examined on eastern Georges Bank (area 28 in Fig. 8). Data were
availablein 9 months of 2002. Although variable, temperatures tend to exhibit above normal anomalies in the upper
100 mand below normal at depths of 150 m and greater (Fig. 16). The latter depths lay along the slope of the Bank.
The peak in the annual anomaly (1.5°C) occurred in the surface waters. The time series of 50 m temperature
anomalies exhibit extreme variability, in part due to the shallowness and hence greater direct forcing by the
atmosphere than for deeper depths (Fig. 17). The long-term trend, as revealed by the 5-year running mean, shows
many similarities to those in the near bottom waters of Georges Basin and Emerald Basin. These again incl ude the
low temperatures in the 1960s and the hi gher-than-average conditions in the 1970s through to the 1990s. In 2002,
temperatures tended to be above normal and similar to conditions observed since 1999.

Temperatures during the Summer Groundfish Surveys

The most extensive temperature coverage over the entire Scotian Shelf is obtained during the annual DFO
groundfish survey, usually inJuly. A total of 212 CTD stations were taken during the 2002 survey and an additional
174 bottom temperature stations were obtained as part of the ITQ (Individud Transferable Quota) fleet survey. The
ITQ survey fills in gaps in the DFO survey for the Bay of Fundy, off southwest Nova Scotia and on the
southwestern Scotian Shelf. The temperature data from the ITQ survey were obtained from Vemco Minilogs©
attached to the trawl. These data are quality controlled during processing at the Bedford I nstitute of Oceanography.
Temperatures from both surveys were combined and interpolated onto a 0.2° by 0.2° latitude-longitude grid using an
objective analys's procedure known as optimal estimation. The interpol ation method uses the 15 "nearest neighbours'
with a horizontal length scale of 30 kmand a verticd length scale of 15 minthe upper 30 mand 25 mbelow that. Data
near the interpolation grid point are weighted proportionatedy more than those further away. Temperatures were



optimally estimated onto the grid for depths of 0, 50, 100 m and near bottom (Fig. 18). Maximum depths for the
interpolated temperature fiel d were limited to 1000 m off the shelf. The 2002 temperature anomalies relative to the July
1971-2000 meanswere d so computed at the same four depth leves (Fig. 19).

The broad spatial pattern of near-surface temperatures in July 2002 was similar to past years with the
warmest waters (>16°C) off eastern Cape Breton and the coldest (<11°C) in the Gulf of Maine/Bay of Fundy region
(Fig. 18a). The cooler surface temperatures in the Gulf of Maine compared to the Scotian Shelf are due to the
intense bottom-generated vertical mixing caused by the high tidal currents. The surface temperatures in 2002 were
colder-than-normal over most of the Shelf and in the Bay of Fundy (Fig. 19a). The exceptions being the inner
portion of the shelf fromthe Laurentian Channel south to Lunenburg Bay, and off southwest Nova Scotiainthe Gulf
of Maine. The lowest anomaly on the Shelf was below -2°C, observed over Emerald Basin and extendi ng towards
the offshore. Relative to 2001, the surface temperatures in 2002 decreased over the northeastern Shelf, Emerald
Basin and off Yarmouth, while over the southwest Scotian Shelf and other areas of the Gulf of Mai ne (including the
Bay of Fundy) they i ncreased compared to 2001

The temperatures at 50 m ranged from 2°C to over 9°C with the coldest waters in the northeast and the
warmest waters in the Gulf of Maine and Bay of Fundy (Fig. 18a). The higher temperatures towards the outer edge
of the Shelf in the central region possibly indicate the intrusion of Slope Waters onto the shelf. The higher
temperatures at 50 m in the Gulf of Maine compared to the Scotian Shelf are, in part, due to the increased
importance of tidal mixing. Temperature anomalies at 50 m (Fig. 19a) varied spatidly over the Shelf and were
mostly between 0° to +1°C). The largest anomalies appeared along the shelf break south of Halifax (negative) and
in the vicinity of Western Bank (positive). The anomalies along the shelf break must be regarded cautiously,
however, due to the limited data in this region. Compared to 2001, temperatures rose over most of the Shelf and
Gulf of Mai ne regions with the largest increase near the shelf break.

The spatial pattern of the 100 m temperatures resembles that at 50 m, although the actual temperatures tend
to be slightly higher at 100 m (Fig. 18b). The temperatures at 100 m ranged from 1-2°C in the northeast to over
10°C offshore and in Northeast Channel. Temperature anomalies at this depth were again predomi nantly positive,
mostly ranging from 0° to 2°C over the Shelf and into the Gulf of Maine (Fig. 19b). The highest anomalies (>4°C)
occurred along the outer shelf off Sable Island Bank suggesting the presence of warmer-than-normal slope waters.
More of the shelf was covered by colder-than-normal anomalies than at 50 m, especially in the northeast. Relative
to 2001, temperatures at 100 mrose in 2002.

Near-bottom temperatures over the Scotian Shelf ranged from <2°C in the northeastern Scotian Shelf to
over 9°C in Emerald Basin, the Bay of Fundy and Gulf of Maine (Fig. 18b). The source of the high temperatures
differs spatially. In Emerald Basin, the high temperatures are due to the penetration of warm offshore Slope Waters
into the Basin, while in the Bay of Fundy and other parts of the Gulf of Maine they are, in part, due to the i ntense
vertical mixing by the tides. The pattern of colder temperatures in the northeastern Shelf and warmer in the Gulf of
Maine and in the deep basins of the central Shelf is typical of most years. The colder waters are largely derived
from the Gulf of St. Lawrence. Relative to their long-term means (1971-2000), the near-bottom temperatures were
predomi nantl y warmer-than-normal, except in the northeast where there were approximately equal areas of positive
and negative anomalies (Fig. 19b). Most were weak anomalies, being between 0 and £1°C. The largest positive
anomaly (2°C) was to the southwest of Sable Island.

We also estimated the area of the bottom covered by each one degree temperature range (i.e. 1-2°C, 2-3°C, 3-
4°C, etc.) within NAFO Subareas 4Vn, 4Vs, 4W and 4X (see Fig. 1 for Subarea boundaries). These were obtained from
optimally estimated temperatures from the July groundfish and ITQ surveys. The time series for each NAFO Subareaare
shown in Hg. 20a,b. Severd points are noteworthy. Frst is the generdly higher temperature as one moves
southwestward from 4Vs/4Vn towards 4W and 4X. In4Vn, most of the bottom is covered by waters <6°C and amost
50% is <5°C (Fig. 16a). For 4Vs, 80-90% is <6°C and 75% is <5°C (Fig. 208). In 4W <50% and in 4X <20% of the
bottom is covered by temperatures <6°C (Fig. 20b). The time series for 4Vn and 4Vs show anincrease during the | ate-
1980s and early-1990s in the amount of 0°-1°C waters and especidly those <3°C (Fig. 20a). Also in 4Vs there are
waters <1°C during this colder period. In 4W thereis an increase in the area of the waters <3°C, but it is of smaller
amplitude thanin4V. In4X thereisanincreaseinwaters <4°C, but itis not aslarge an amplitude asin the other regions



(Fg. 20b). During 2002 there was a decrease in the area covered by temperaturesin the col dest temperature ranges in all
NAFO subaress.

Cabot Strait Deep Temperatures

Bugden (1991) investigated the long-term temperature vari gbility in the deep waters of the Laurentian Channel
in the Gulf of St. Lawrence from data collected between the late-1940s to 1988. The vaiability in the average
temperatures within the 200-300 m layer in Cabot Strait was dominated by | ow-frequency (decadd) fluctuati ons, with no
discernible seasonal cyde. A phase lag was observed dong the major axis of the channel such that events propagated
from the mouth towards the St. Lawrence Estuary on time scaes of severd years. The updated time series shows that
temperatures dedlined steadily between 1988 and late-1991 to their lowest va ue since the | ate-1960s (near 4.5°C and an
anomaly exceeding -0.9°C; Fig. 21). Then temperatures rose dramaticaly reaching 6°C (anomaly of 0.6°C) inlate-1993.
During the remainder of the 1990s, temperatures oscillated about the long-term mean with a slight tendency towards
postive vdues. Snce 1999 and including 2002, temperatures in the deep waters of Cabot Strait typicdly have been
warmer than the long-term mean.

Standar d Sections

As pat of the AZMP, seasonal sampling along the historical standard sections was re-established by the
Canadian Department of Fisheries and Oceans in 1998. On the Scotian Shdf, this induded transects off Cape Sable,
Halifax, Louisbourg and across Cabot Strait (Fig. 1). While four occupations per section was the original god within
AZMP, this has not been achieved due to budgetary and vessd constraints. Dedi cated monitoring cruises have typicdly
provided 2 sections per year (April and October) with additional sections pieced together from fisheries surveys, where
possible. In 2002, the October cruise was conducted but the April cruise was canceled because of mechanical
problems with the ship. However, an occupation of the Halifax section was undertaken in May and again in June.
Similar to the fixed stations, the measurements usually include CTDs, nutrients, chemical and plankton sampling. Only
the hydrographic data are discussed in the present paper. Anomalies relative to the 1971-2000 means were only
estimated for the Halifax Line and for temperature along the Louisbourg Line in November. At the other sections, or for
different times or data types, the historicd data were considered of i nsufficient quantity to determine reliable means for
this time period.

During the occupation of the Halifax Line in May the most noticeable feature is the very warm, high
salinity water extending shoreward to the shelf break between the outer shelf and upper slope stations (Fig. 22). The
temperature and salinity anomalies over the slope reached as high as 8°C and 2, respectively. There was a sharp
front at the shelf break in both hydrographic fields and their anomalies. The extremely high salinities of over 35.5
suggest that this might be a Gulf Stream eddy or a meander of the Stream. Although exami nation of the surface
temperatures from the satellite thermal i magery did not reveal either feature at the location of the outer Halifax Line
stations at the time the CTD measurements were taken, such features were nearby. Given that the highest
temperatures and salinities were observed at subsurface depths, it is our belief that these might i ndeed be due to an
eddy or Gulf Stream extension. Turning our attention to the Shelf, in Emerald Basin the temperature and salinity
anomalies were positive by as much as 3°C and nearly-1, respectively, suggestive of penetration of some of the
warm, high saline waters from offshore into the Basin. The downward slope of the 25 and 26 kg m™ isopycnals
towards the shore on the inner half of the shelf is consistent with the southwestward transport of the Nova Scotian
Current. The June Halifax Section shows greater shoreward movement of the war m offshore waters than in May but
a reduction in the magnitude of the positive anomalies (Fig. 23). Large, positive anomalies penetrated onshore of
the shelf break with magnitudes of up to 4°C and 1, respectively. Deep waters in Emerald Basin had anomalies of
1°C and 0.5. The downward slope towards the coast of the 26 kg m™ isopycnal again indicates a southwestward
flow of the Nova Scotian Current.

In October, al four sections from Cabot Strait to Browns Bank were sampled (Fig. 24a-c). The Cabot
Strait section shows (Fig. 24a) the characteristic layered structure of the Laurentian Channel, with a warmer, upper
layer confined mainly to the Nova Scotian side of the Strait, a cold intermediate layer centered at roughly 75 m but
shoaling from west to east, and a thick deep layer of Labrador Slope Water (LSW). The upper 100 m had
temperatures generally below normal by as much as 3°C; on the other hand below 100 m, the anomalies were
positive and reached a maxi mum of just above 2°C. Salinity was 0 to 0.5 above normal for most of the Strait (Fig.



24b). The tilt of the isopycnals suggests flow out of the Gulf of St. Lawrence over most of the Strait and a deep
inward flow, implied by the shoaling of 27.5 kg m® surface, towards the west (Fig. 24c).

The Louisbourg section was only partially occupied in October because of severe winds. Near-surface
temperatures and salinities increased rel ative to the Cabot Strait section (Fig. 24a). The temperature anomalies had a
layered structure of alternating positive (to 3°C) and negative (to —1°C) values. Sdinity on the other hand was close
to normal (Fig. 24b). The strong coastal flow of the Nova Scotian Current was evident in the inshore tilt of the
isopycnal s between the stations nearer the coast (Fig. 24c).

The Halifax section had the typical 3 layer structure for October, with a warm upper layer, a cold
intermediate layer particularly evident near the coast, and a deep warmer layer (Fig. 24a). Near-surface
temperatures and salinities increased fromthe Louisbourg line. The waters of deep upper slope and deeper parts of
Emerald Basin had a dominant WSW component; the Emerald Basin water properties though were near the
boundary between WSW and LSW. Over most of the li ne, the temperature anomalies were 0-3°C above normal ; the
lone exception was an area of below normal values centered near the bottom of the offshore side of Emerald Bank.
Salinity ranged from —0.5 to 0.5 of normal (Fig. 24b). The Nova Scotian Current was not readily apparent in the
density structure (Fig. 24c).

The Brown's Bank line featured less vertical stratification than the other sections. Thisistypical and is due
to the intense vertical mixing caused by the stronger tidal currents in this area. Temperatures and salinities were
above normal over the shelf by 1-3°C (Fig. 24a) and 0-0.5 (Fig. 24b), respectively. This is consistent with the
generally warmer and saltier conditions observed in the coastal stations (e.g. Prince 5 and over Lurcher Shoals).
There was an area of below normal temperatures (0 to —3°C) at the shelf break. The slope of the isopycnalsimplied
aflow to the west over the i nner shelf; on the other hand, offshore there appeared to be eastward flow (Fig. 24c).

Density Sratification

Stratification of the upper water column is an important characteristic that influences both physicd and
biologicd processes. Stratification can affect the extent of vertica mixing, the vertical structure of the wind forcing, the
timing of the spring bloom, verticd nutrient fluxes and plankton speciation to mention just a few. Under increased
stratification, thereisa tendency for more primary production to be recycled within the upper mixed layer and henceless
avalable for the deeper, lower layers. We examined the variability in stratification by calculating the density (9gma-t)
difference nominally between 0 and 50 m. The density difference was based on a monthly mean density profile
cdculated for each areain Fg. 8. The long-term monthly mean density gradients for the years 1971-2000 were estimated
and these then subtracted from the monthly val ues to obtain monthly anomalies. Annual anomalies were estimated by
averaging all available monthly means within a cdendar year. A 5-yr running mean of the annual anomalies was then
cdculated. The monthly and annual means show high variability but the 5-yr running means show some distinctive
trends. The density anomalies are presented in g/ml/m. A value of 0.01 represents a difference of 0.5 of asgma-t unit
over the 50 m. As reported in previous overviews, the dominant feature of the 5-year meansis the higher stratification
during the 1990s throughout the Scotian Shelf (Fig. 253, b). They began to increase steadily around 1990 with the peak
in the mid- to late-1990s. Thereis surprising consistency in the stratification trends from area to area, over the Scotian
Shelf. The higher-than-average stratificati on during the 1990s did not extend into the Gulf of Maine region and tended to
be absent or weak in the Laurentian Channel and Sydney Bight areas. The primary cause of the increased stratification
was adecrease in surface salinities that were advected from the Newfoundland area (Drinkwater et a ., 2003). The 2002
stratification val ues in most areas fell be ow average continuing the general decrease during the past three years. Thisis
clearly seeninthe annual va ues of the stratifi cation averaged over the entire Scotian Shelf (Aress 4-23in Fig. 8) shown
inFig. 25c. The reduced stratificationin 2002 is consistent with arisein surface sdinities off Newfoundland (Colbourne,
2003).

Sea Level

Sea level is aprimary variable in the Global Ocean Observing System (GOOS). On Canada’s east coast,
two gauges, one at Halifax and the other to be established on the Labrador coast, are part of Canada s proposed
contribution to the global effort. Relative sealevd at Halifax (1990-2003) is plotted as monthly means and filtered
using a 12-month running-mean filter (Fig. 26). The linear trend of the monthly mean data has a positive slope of
33.1 (£12.1) envcentury, in good agreement with the val ue of 36.7 cncentury (1897-1980) given by Barnett (1984).



Note, however, that relative sea level generally has been falling at Halifax for the past 5 years. The trend is relative
to a benchmark fixed on the land and therefore is not an absol ute val ue of the sealevel rise. The solid linein the
figure is a model estimate of the sea level trend, 23 cm/century at Halifax, caused by post-glacia rebound
(Tushingham and Peltier, 1991). The observed trend exceeds the model’s prediction for the period 1990-2003 by
only 1.3 cm; given this single record, the variability at higher frequencies and the assumptions associated with the
model, we cannot concl ude that absol ute sea level isrising, evenlocally.

Frontal Analysis
Shelf/Sope Front

The waters on the Scotian Shelf and in the Gulf of Maine have distinct temperature and sdinity characteristics
from those found in the adjacent deeper dope waters offshore. The reatively narrow boundary between the shelf and
slope watersisregularly detected in satel lite thermal imagery. Positions of this front and of the northern boundary of the
Gulf Stream between 50°W and 75°W for the years 1973 to 1992 were assembled through digitization of satellite
derived SST charts (Drinkwater et a ., 1994). From January 1973 until May 1978, the charts covered the region north to
Georges Bank, but in June 1978 the ared coverage was extended to indude east to 55°W and eventually 50°W.
Monthly mean positions of the shelf/d ope front in degrees latitude at each degree of longitude were estimated. NOAA
updated this data set until the termination of the satdlite data product in October 1995. A commercid company has
continued the analysis but did not begin until April 1996. These initial charts did not contain data east of 60°W but
within a year were extended east to 55°W. Data for 2002 have been digitized, estimates of monthly mean positions
determined, and anomalies rdative to 1973-2000, were cdculated. During the past severd years, the analysis only
extends east to 56°W due to incond stenciesin the dataat 55°W.

The overdl mean position of the Shelf/Slope front together with the 2002 annual mean positionisshowninFig.
27. The average podtionis dose to the 200 misobath along the Middl e Atlantic Bight, separates dightly from the shel f
edge off Georges Bank and then runs between 100-300 km from the shelf edge off the Scotian Shelf and the southern
Grand Bank. It is generdly farthest offshore in winter and onshore inlate summer and early autumn. During 2002, the
shelf/d ope front was slightly seaward of its long-term mean position. The time series of the annual mean position
(averaged over 56°W-75°W) shows the front was at a maximum shoreward location in 1985 with another maxima in
1993. Since 1993, the front moved steadily seaward approximately 40 km, reaching its most southerly pasitionin 1997.
During 1998 through 2000, the position of the Shelf/Slope front moved northward with the largest increased recorded in
1999. The front moved southward in 2001 to a pasition that was approximately 15 km seaward of its long-term mean
position. Itslocationin 2002 was smilar to that recorded in 2001.

Gulf Stream

The postion of the northern boundary or “north wal” of the Gulf Stream was dso determined from satellite
imagery by Drinkwater e al. (1994) up to 1992 and has been updated in a manner Smilar to that for the shelf/d ope front.
Thus, the time series congsts of the monthly position at each degree of longitude from 56°W to 75°W. The average
position of the north wall of the Stream and the 2002 annual meanis shownin Fig. 28. The Stream |eaves the shelf
break near Cape Hatteras (75°W) running towards the northeast. East of approxi mately 62°W the average position
lies approximatel y east-west. During 2002, the average position of the Stream was near to or shoreward of itslong-
term mean position at all degrees of longitude. The time series of the position shows the Stream was | ocated south of
its mean position during the late-1970s and 1980, near the long term mean through most of the 1980s and north of it
during the late-1980s and i nto the first hal f of the 1990s (Fig. 28). The annual anomaly of the Gulf Streamwas at its
most northerly positionin 1995. This was followed by a rapid dedine in 1996 and remained low through 1997 and
1998. By 2000 the position of the Gulf Stream was shoreward of its long-term mean and has remai ned so through to
2002. The displacement anomaly of the Stream was similar to that recorded in 2001. The trendsin the Gulf Stream
roughly match variations inthe NAO i ndex.

Summary
A review of physical oceanographic conditions on the Scotian Shelf and in the Gulf of Maine and adjacent

offshore areas during 2002 is presented. Warm and salty conditions tended to dominate the Scotian Shelf and Gulf of
Maine areasin 2002. Mean annual sea-surface temperature at Boothbay Harbor was the 39 warmest in 97 years and at
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St. Andrews the 9" warmest in 81 years. At Prince 5, monthly mean temperatures and sdinities throughout the water
column were amost exdusively above normal throughout the year. At Hdifax Station 2 (H2) the surface and near
bottom layers were warmer-than-usual but at mid-depths they varied through the year between colder and warmer than
average. Watersat dl depths at H2 tended to exhibit above normal salinities. Particularly warm waters were observed in
the Gulf of Maine at al depths in Georges Basin, on Georges Bank and on Lurcher Shods. Smilarly warmwaterswere
found in the deepest reaches of Emerdd Basin and in the upper 50 to 100 m over Misaine Bank and in Sydney Bight. In
these latter two aress, the lower layer waters tended to be on the cold sde of normal. Cabot Strait degp-water (200-300
m) temperatures measured on the high side of normal. Exceptions to the warm conditions induded the SSTs at both
Halifax and over most of the Scotian Shelf during the groundfish survey in July. During this same survey waters at 50 m
and 100 m were spatidly variable, varying about the long-term mean but with a dight preference for warmer-than-
normal temperatures. Near-bottom temperaturesin July were warm except in the northeast where the water temperature
anomalies varied spatidly. Therewas a noticeabl e increase i n bottom temperatures compared to 2001, however. In May
avery warm, salty water masswas observed at the offshore end of the Halifax Line. Thisisbdieved to bea Gulf Stream
eddy or meander. It appears that some of this water may have penetrated onto the Shelf and contributed to warmer and
sdtier conditions there in both May and June. During the monitoring cruise in October of 2002 warm conditions
dominated on the Browns Bank and Halifax Lines, with near normal temperatures on the Louisbourg section. In Cabot
Strait, the near-bottom waters were warmer-than-normal but the top 100 m tended to be cold. While the verticd
stratification in the upper water column (between the surface and 50 m) over the Scoti an Shelf was bd ow normal for the
second consecutive year after a decade of higher stratification. The Shelf/S ope front and the Gulf Stream were located,
on average, at about the same | ocations asin 2001, which was shoreward of its normal pasition for the Gulf Stream, but
seaward for the Shelf/Slope front.
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Fig. 1. The Scotian Shelf and the Gulf of Maine showing hydrographic stations, standard sections and topographic
features. The dotted lines i ndicate the boundaries of the NAFO Subareas.
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Halifax Line, Station 2 : Vertical Structure (2002)
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Fig. 6. Contours by depth of the 2002 temperature, salinity and density (sigma-t) (left) and their anomalies (right)
at the standard station H2. The circles at the bottom of the fi gure indicate sampling dates.
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2002 Monthly Temp Anomaly - Sydney Bight
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Fig. 9. The 2002 monthly temperature anomaly profiles (top panel), the annual anomalies with the standard error
of the mean (middle panel) and the monthly mean temperature anomaly ti me series (dashed line) and the 5-
yr running mean of the esti mated annual anomalies (solid line) at 100 m (bottom panel) for Sydney Bight
(areal-FHg. 8).
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2002 Monthly Temp Anomaly - Misaine Bank
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Fig. 10. The 2002 monthly temperature anomaly profiles (top two panels) and the annual anomalies with the
standard error of the mean (bottom panel) for Misaine Bank (area 5-Fig. 8).
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Fig. 11. The monthly mean temperature anomaly time series (dashed line) and the 5-yr running mean of the
estimated annual anomalies (solid line) at 100 m for Misaine Bank (area 5-Fig. 8).
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2002 Monthly Temp Anomaly - Lurcher Shoals
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Fig. 12. The 2002 monthly temperature anomaly profiles (top two panels) and the annual anomalies with the
standard error of the mean (bottom panel) for Lurcher Shoals (area 24-Fig. 8).
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Fig. 13. The monthly mean temperature anomaly time series (dashed line) and the 5-yr running mean of the
estimated annual anomalies (solidline) at 50 m for Lurcher Shoals (area 24-FHg. 8)
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2002 Monthly Temp Anomaly - Georges Basin
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Fig. 14. The 2002 monthly temperature anomaly profiles (top two panels) and the annual anomalies with the
standard error of the mean (bottom panel) for Georges Basin (area 26-Fig. 8).
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Fig. 15. The monthly mean temperature anomaly time series (dashed line) and the 5-yr running mean of the
estimated annual anomalies (solid line) at 200 min Georges Basin (area 26-Fig. 8).
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2002 Monthly Temp Anomaly - E. Georges Bank
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Fig. 16. The 2002 monthly temperature anomaly profiles (top two panels) and the annual anomalies with the
standard error of the mean (bottom panel) for Eastern Georges Bank (area 28-Fig. 8).
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Fig. 17. The monthly mean temperature anomaly time series (dashed line) and the 5-yr running mean of the
estimated annual anomalies (solid line) at 50 min Eastern Georges Bank (area 28-Fig. 8).
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Fig.l8a.  Contours of temperatures at the surface (top panel) and 50 m (bottom panel) during the 2002 July
groundfish and ITQ surveys.
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Figl9a  Contours of temperature anomalies at the surface (top panel) and 50 m (bottom panel) during the 2002
July groundfishand ITQ surveys.



32

48"N

PR VI

-3

= emperatune Anomal
Irelalive 1o the mean of 1871
July, 2002
48 T T 1 I I | ] |
BEW BE"W Ba™W 62°W GOW

emperaiu
(malatae ta the mﬁ%
July, 2002
near bottom
| | | | I
G2 GOW 58°W

I
64" W

Fig.19b.  Contours of temperature anomalies at 100 m (top panel) and near bottom (bottom panel) during the
2002 July groundfishand ITQ surveys.
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Fig20a.  Thetime series of the area of the bottom for each 1 degree temperature range for NAFO Subareas 4Vn
(top panel) and 4Vs(bottom panel).
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Fig20b.  The time series of the area of the bottom for each 1 degree temperature range for NAFO Subareas 4W
(top panel) and 4X (bottom panel).
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Cabot Strait 200-300 m
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Fig.21. Average temperature over the 200-300 mlayer in Cabot Strait. The horizontal line indicates the long-term
mean duri ng 1971-2000.
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Halifax Section, 2002
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Fig. 22. Contours by depth of the temperature, salinity and density (sigme-t) (left) and their anomalies (right) along
the Halifax Line during May 2002.
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Halifax Section, 2002
Crulse 2002-32 {June 23-25, 2002)
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Fig. 23. Contours by depth of the temperature, salinity and density (sigme-t) (left) and their anomalies (right) along
the Halifax Line during June 2002.
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Fig. 24a. Temperatures and temperature anomalies on the Cabot Strait, Louisbourg, Halifax and Browns Bank
Lines (Fig. 1) for October-November 2002.
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Fig. 24b. Salinities and salinity anomalies on the Cabot Strait, Louisbourg, Halifax and Browns Bank Lines for
October-November 2002.
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Fig. 24c. Densities and density anomalies on the Cabot Strait, Louisbourg, Halifax and Browns Bank Lines for
October-November 2002.
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Annual Density Gradient Anomaly Between 0 and 50 m
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Annual Density Gradient Anomaly Between 0 and 50 m
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Fig.25b.  Five-yr running means of the annual anomalies of the density gradient between the surface and 50
calculated for the areas 16-29 inFig. 8.
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The mean annual (dashed line) and 5-yr running mean (heavy solid line) of the stratification i ndex (0-50
m density gradient) averaged over the Scotian Shelf (areas 4-23 inclusive). The short horizontal lines
for each year represent the standard deviations of the different areas.
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Halifax Sea Level
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The time series of the monthly means and a 12 month running mean of the sea level elevations at
Halifax, along with the observed linear trend and that predicted by a model from Post Glacial Rebound.



Shelf/Slope Annual Anomalies 56°W-75°W
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Fig.27.  The 2002 (dashed line) and long-term mean (1973-2000; solid line) positions of the shel f/slope front (top
panel) and the ti me series of the annual anomaly of the mean (56°-75°W) position of the shelf/slope front
(bottom panel).
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Gulf Stream Annual Anomalies 56-75W
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Fig.28. The 2002 (dashed line) and long-term mean (1973-2000; solid line) positions of the northern edge of the
Gulf Stream (top panel) and the time series of the annual anomaly of the mean (56°-75°W) position of
the Gulf Stream front (bottom panel).



