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Seasonal variability of temperature and salinity
in the Labrador Current
by John R. N. Lazier1

ABSTRACT
Most of the available temperature and salinity data from the waters above the Labrador
continental shelf and slope are assembled and analyzed for seasonal variations. It is first
demonstrated that the horizontal temperature and salinity gradients are small in the waters
over the shelf relative to the gradients across the slope where the strongest part of the Labrador Current is trapped. In the area of low horizontal gradient, a single station can represent
the oceanographic conditions. This makes it possible to construct a complete series of average
monthly values of temperature and salinity at various depths although no time series of data
exists at ·one location. The series demonstrates the existence of seasonal changes in temperature and salinity at all depths down to 200 m. It is suggested that most of the seasonal
changes, especially at the greater depths, are due to advection by the Labrador Current rather
than to vertical processes in the immediate vicinity. A two year record from a moored current
·meter is presented. The temperature signal exhibits some features that seem to correlate with
features in the ·series of averaged data.

1. Introduction
The Labrador Current lies above the continental shelf and slope off Labrador
Canada. It first became the object of physical oceanographic study when the U.S.
Coast Guard undertook to improve knowledge of the circulation and iceberg trajectories after the Titanic disaster in 1912. This work resulted in the report by
Smith et al. (193 7), which is still the standard description of the Labrador Sea
area. About 80% of the flow past Labrador is concentrated in a jet centered over
the 600-800 m isobath on the slope. Most of the water in this high-speed flow is
relatively warm (3-4 °C) and saline (34.88-34.92) and originates with the Irminger
Current. The Irminger water flows around Greenland first as the East and then as
the West Greenland Current and eventually becomes part of the Labrador Current
.after being deflected to the west and south by the sill in Davis Strait. The other
20% of the Labrador Current originates from Baffin Bay as the Baffin Island or
Canadian Current and becomes the inshore part of the Labrador Current at Hudson
Strait where it joins with the deflected branch of the West Greenland Current.
1. Bedford Institute of Oceanography, P.O. Box 1006, Dartmouth, Nova Scotia, Canada, B2Y 4A2.
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This water, characterized by low temperatures (-1 to +2 °C) and low salinities
(32.5 to 33.5) , lies mostly over the continental shelf; however, it is occasionally
found over the upper slope.
In the autumn of 1977 a new and still continuing series of measurements of
the Current was begun, using the modem techniques of moored current meters
and continuous profiling temperature, conductivity and pressure sensors. The temperature and salinity data obtained from the first of those cruises, in October 1977
aboard C.S.S. Hudson , showed (Lazier, 1979b) that the intermediate layer (50150 m) was much warmer than its usual subzero values (Templeman, 1975) .
Initially it was believed the high temperatures indicated that abnormal conditions
were present during the cruise. The present report investigates the possibility that
a seasonal variation may account for the unexpected conditions.

2. Data
All of the archived oceanographic stations at the Marine Environmental Data
Service, Ottawa within the area defined by 64N 65W, 64N 58W, 52N 49W and
52N 65W were extracted into a separate file. Within this area there are 3244
oceanographic stations obtained between 1928 and 1979 in all months of the year.
Mainly, the data were gathered by fisheries or oceanographic research ships from
Canada, United States, Germany and Russia. The data are commonly called "bottle
data" because most were collected with sample bottles -suspended from a wire
rather than with electronic packages. The positions of 1000 stations are shown in
Figure 1. The remainder of the stations show roughly the same distribution but
they become too dense to resolve in some areas. A large percentage of the stations
are along the continental slope reflecting the concentration here of deep-sea trawlers. There is also a surprisingly large number of stations close to the shore off
southern Labrador in another rich fishing area. The decrease in the number of
stations in the deep water and to the north is expected since the fishing is poor
in these areas, and some of the areas are inaccessible for part of the year.
For these analyses, the data were sorted by position into an array of boxes
covering the shelf, slope and offshore areas and by time either year, season or
month. An example of the array of boxes is given for the Hamilton Bank area in
Figure 2. The array is defined by the coastline and the 1000 m contour which
are both approximated by series of short straight lines. The parallels of latitude
joining the two series are divided evenly into 8 segments, and because the shelf
varies in width the widths of the boxes also vary. To the east of the 1000 m
contour the widths of the boxes are fixed at 0.5° longitude.
At each station the variable of interest was interpolated at a specified depth.
The interpolated value was then stored in a computer array representing the grid
of boxes. An average of all the values within a box produced the final values for
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Figure 1. One thousand of the archived oceanographic stations obtained over the Labrador
continental shelf and slope, north of 52N, between 1928 and 1979. The inset map shows
six additional lines of stations occupied by CSS Hudson in October 1977 that are not part
of the archived data set.

plotting and a standard deviation was calculated. The criteria for accepting a
station were that it have three or more observations, that the shallowest observation be at 30 m or less, and that the interpolation level be within 50 m of an
observation.
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Figure 2. A portion of the grid, over the Labrador Shelf and Slope, used to sort the data by area.

3. Horizontal gradients
The major part of the volume transport of the Labrador Current is contained
in a strong flow centered over the continental slope at about 600-800 m isobath,
Smith et al. (1937). This jet, with near-surface velocities of 0.5-0.8 m/ s (Lazier,
1979a), is the most energetic feature in the region, and acts as a boundary between the shelf waters and the offshore waters that are beyond the 2000 m isobath to the east of the main current. Across the flow on surfaces of constant
depth there are large temperature and salinity gradients (Fig. 27, Worthington,
1976). These gradients are so much larger than the horizontal gradients found on
either side of the jet, that to a first approximation, the water masses over the
continental shelf and those of the offshore can be each represented by one vertical
series of temperatures and salinities. The evidence for this proposition follows.
Figure 3 shows the temperature and salinity at 3 depths for July across the
shelf, slope and offshore regions. The horizontal axis refers to the boxes outlined
in Figure 2. Each posted value is derived from all the data found in July between
52N and 60N. For boxes 1 to 7 there are between 44 and 68 observations, over
the slope in boxes 8, 9 and 10, there are 59, 60 and 38 observations respectively,
but farther east the number declined to a low of 4 observations in box 14. Similar
coverage is found at other depths for July.
The diagram illustrates that the east/ west temperature gradient across boxes 1
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Figure 3. Average temperature (A) and salinity (B) at the surface (.), 50 m (X) and 100 m
(0) across the Labrador Shelf, Slope and offshore regions in July. The numbers of the
abscissa refer to the grid of boxes shown in Figure 2. The vertical solid lines represent
estimates of the standard deviations associated with the averages. The dashed lines indicate
the approximate boundaries between the shelf, slope and offshore regions.

to 7 and from 11 to 17 is significantly less than the gradient across the slope
region represented in boxes 8, 9 and 10. At 50 m for example, the above shelf
temperature varies between -0.6° and -1.0°C. The standard deviations for the
first 7 boxes are consistent; varying between 0.5 and 0.9 °C based on a low of
44 samples in box 4 to a high of 68 observations in box 3. In the offshore region,
the temperature varies between 3.8 °C and 4.6°C with about the same standard
deviations as the shelf waters. The range across the shelf of 0.4 °C and in the
offshore waters of 0.8 °C at 50 m is roughly an order of magnitude less than the
change of 5°C across the slope. The distribution for 100 m is similar to that for
50 m. The curve for the surface shows a definite division across the current core,
but the signal is much noisier, having a standard deviation of about 3 times that
found at the greater depths.
The variation of salinity across the shelf is noticeably different from that for
temperature. At O m the horizontal gradients is large close to shore through boxes
1 to 3, presumably due to fresh water run-off from Labrador and Hudson Bay.
This fresh-water effect can also be observed, to a much lesser degree, in the 50
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and 100 m profiles. In the middle of the shelf (boxes 4 to 7) the horizontal gradient is small at all depths. This distribution seems to indicate that the fresh-water
influence from local sources, that is, Labrador and Hudson Bay is sharply limited
to the inner shelf. The limits may be imposed by bathymetric control of the flow
or by some change in the horizontal mixing processes over the middle shelf. These
processes which require more detailed study areignored for the present. For now
the gradient across the shelf is assumed constant, but it should be remembered
that in the upper 30 m or so, close to shore in the summer months there is a
large horizontal salinity gradient.
The horizontal gradients at seasons other than summer are harder to determine
because of the lack of data. At 50 m in April there is only 1 observation of each
variable in box 7 to represent the shelf waters, in March there are 4 in box 7 and
1 in box 5, with similar numbers for the other depths. In December, however,
there are 106 observations of temperature at 50 m across the shelf (boxes 1 to 7)
between 52 and 60N between 1930 and 1979. These indicate that the temperature
varied from 0.1 to 0.3 °C. In the offshore waters, there are only 4 observations
which have an average temperature of 3.2°C. Thus the temperature range across
the slope appears to be as high as in July. These results are also found at the other
depths in December. For salinity, the December values at the surface indicate a
much reduced horizontal gradient across the shelf, as would be expected in the low
run-off season. The difference from the highest to the lowest salinity across the
shelf was 0.8 compared to 3.1 in July. The horizontal salinity gradient across the
slope remains as high in the winter as in the summer.
Another data set which indicates horizontal homogeneity in the Labrador Current is plotted in Figure 4. This is a composite plot of temperature versus salinity
from the cruise of C.S.S. Hudson in October 1977. Seventy-two of the stations
occupied on the cruise were arranged in six lines perpendicular to the shelf (Fig.
1, inset). The northernmost line was north of Hudson Strait; the rest lay across
the Labrador Shelf and Slope. The diagram shows that the temperature versus
salinity relationship at salinities below 34 was significantly different north of
Hudson Strait than on the Labrador Shelf. North of Hudson Strait, between salinities of 32.6 and 33.8, there exists a layer of water with temperatures below
0°C. It also shows that, in this region, the range of temperature on a density surface was much larger than over the whole Labrador Shelf. For example, on the
26.5 a-t surface the water over the shelf had a range less than 1.0°C while in the
northern section, where the subzero water is, the range is 3.5°C. On the 27.0 CTt
surface the temperature range over the shelf was =l.5°C compared to more than
4 °C north of Strait. The fact that the waters over the Labrador Shelf exhibit a
fairly restricted T-S relationship compared to the upstream waters has been noticed before by Kollmeyer et al. (1967) and Smith et al. (1937). In Figure 4 it
is also apparent that the temperature, on many constant density surfaces (i.e.,
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Figure 4. Temperature versus salinity for water of the southern end of the Baffin Island
Current just north of Hudson Strait (0 ) and for water of the Labrador Shelf (+) obtained
in October 1977.

27.0) over the Labrador Shelf, lies approximately half way between the temperature extremes encountered on the same density surfaces north of Hudson Strait.
This phenomenon led Kollmeyer et al. ( 1967) to conclude that the water mass
found over the Labrador Shelf was created in the area of Hudson Strait by the
mixing of the colder and warmer waters that come together there.
The last diagram presenting evidence for the lack of horizontal gradients is
given in Figure 5 which is based on the historical bottle data rather than the 1977
cruise. Figure Sa compares the temperature and salinity profiles from the northern
part of the Labrador Shelf (56 to 60N) with the southern part (52 to 55N).
The values in the diagram for each depth are averages for the whole width of the
(boxes 1 to 7) shelf, and for the whole latitude range mentioned. The profiles
for temperature and salinity are very similar for the two sections of the shelf;
however, there are consistent differences in both variables. The temperature is lower and the salinity is higher at most depths in the south. At the surface the reverse
is true. The temperature minimum is at a higher temperature and may be slightly
deeper in the north. The differences are again illustrated in the temperature versus
salinity plots of Figure Sb where it is emphasized that the water masses in the two
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Figure 5. (A) Temperature and salinity averages over July and August at 25 m intervals for
the northern and southern shelf areas. (B) The same data as in 5(A) plotted as temperature
versus salinity with a similar curve representing the offshore waters.

areas are slightly different rather than rearrangements of each other. These changes
may indicate real variations in the cross-shelf mixing processes along the shelf,
but the north-south gradients over the shelf are ignored here, relative to the large
cross-slope gradient which is also illustrated in Figure Sb by the large separation
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between the T-S curves representing the shelf waters and the offshore waters in
the summer.

4. The annual cycle

The primary reason for this analysis was to detennine if the annual cycle in
the shelf-water properties could account for the warm conditions observed in October 1977. To this end, all of the temperature and salinity data obtained on the
Labrador Shelf, in each month, interpolated to five depths between O and 200 m,
averaged over the length and breadth of the shelf, under the assumption of zero
horizontal gradients, are shown in Figure 6. The series is plotted twice to emphasize the changes in winter. The number of values that were averaged to make up
each data point varies with the month and the depth. At 100 m, which is as representative as any level, there were, for temperature, the following number for
each month; 19 (January) , 11 (F), 5 (M), 1 (A), 36 (M), 91 (J), 346 (J),
223 (A) , 110 (S) , 123 (0) , 131 (N) and 104 (December). Plotted with each
set of curves is a histogram showing the frequency distribution of the standard
error of the mean associated with the monthly averages. This error, sometimes
called the standard error, is calculated by dividing the standard deviation by the
square root of the number of observations. The errors in temperature appear to
be slightly higher and more evenly distributed than the salinity errors which are
more peaked around values less than 0.1. No significant correlation of the error
with depth or time was found. There are fewer calculations of error than monthly
values because some of the latter were based on only one observation.
All the temperature and salinity curves of Figure 6 show a distinct and consistent annual cycle. The salinity structure appears to be the most straightforward
of the two because it increases with depth through the water column in all months.
The yearly minimum occurs in July-August at the surface and progressively later
at increasing depths. The maximum salinity occurs in February or March at the
surface with a slight suggestion of a phase change with depth putting the maximum
in May at 200 m.
Most of the values fall on reasonable looking curves except for those in January,
which appear to be too high in temperature at all depths and too high in salinity
at the deepest three levels. The high January values are due to a group of stations
on the eastern edge of the shelf (box 7) occupied in 1966. These stations sampled warmer water that, according to the T-S curves, normally is found farther east
on the other side of the high gradient region over the slope. Although the crossslope velocities are small compared to the velocities along the shelf (Lazier, 1979a) ,
it is reasonable to expect such a westward excursion of the offshore water occasionally; however, the station positions could be in error. If these data are not considered, that is, by calculating the averages over boxes 1 to 6 rather than 1 to 7,
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Figure 6. Average temperature and salinity at five depths for each month over the Labrador
Shelf. The curves are repeated to clarify the winter conditions. Histograms display occurrence of the standard error of the mean.

the surface temperature drops in January from 0.8 to -0.3 which fits the curve
better. Similar adjustments occur at the other depths, but dropping the data in
box 7 would also remove all the available March and April data on the shelf.
The annual changes of temperature seem more complicated than those of salinity because it is not always a monatonic function of depth. The average surface
temperature, with a maximum of 6 to 7°C in August and a minimum of -l.5°C
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in the late winter, reflects the annual cycle of the air temperature quite closely.
At 50 m the temperature follows the surface curve with reduced amplitude and
with a time delay that puts the maximum in October and the minimum in March
or April. At 100 and 150 m, increases in temperature of 1-2°C are indicated in
September and October with a subsequent decrease in winter. This temperature
rise occurs during the same time of year that the observations of October 1977
were obtained, and the seasonal increase explains why the observations of the
cold intermediate layer were warmer than expected. The data from the Hudson
cruise of October 1977 are not included in the averages of Figure 6 so that the
two could be treated independently.
The temperature rise in the intermediate layer appears to be advected from the
north by the Labrador Current rather than mixed down from the warmer surface
waters or up from the bottom waters. Mixing down from the surface is ruled out
because much of the layer that warms is beneath a layer of temperature minimum.
For example, in August, September and possibly October the temperature at
100 m is the lowest in the water column but the temperature at 150 m is rising.
The increase in heat at 150 m must come from below or upstream. Since there is
no obvious evidence to suggest a seasonal cycle in the vertical mixing in the bottom
layer that could increase exchange between the bottom and intermediate layers in
the autumn, it is assumed the heat comes from upstream. Figure 7 is a plot of all the
temperature observations at 150 m on the Labrador Shelf in September and October
against latitude. This is the time of year when the temperature is increasing most
rapidly at this depth. Linear regression lines have been fitted by the least squares
technique for each month. For September the correlation coefficient is 0.45 and for
October it is 0.33. The large scatter reflected in these low coefficients is likely due
to year to year differences over the 50 years of data collection and the assumption
that there is no horizontal gradient across the shelf.
The lines in Figure 7 indicate that the temperature increases to the north by
about I °C from 53N to 60W in both months and increases by about 1 °C from
September to October at all latitudes. Since the water is moving from north to
south it would appear from this plot that the temperature changes noted in F igure
6 at 150 m must be advected from the north. If the water moves from 60N to
53N (778 km) in 30 days, its speed is 0.30 m/s. This figure is reasonable if the
water is fl.owing in the faster part of the current. The fl.ow at 100 and 250 m
depth, at the 600 m isobath on the continental slope at 57N, was measured over
the winter of 1977-78 by Lazier (1979a). The average speed at those two depths,
parallel to the bathymetry (150°T), was 0.35 and 0.14 m/s, respectively. These
suggest that an advection rate of 0.30 m/s along the slope at 150 m is within
reason. The same current meter records indicate that the temperature and salinity
characteristics of the water flowing past varies greatly. This is presumably because
the meters are in the middle of a large horizontal gradient which is fluctuating
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back and forth. The temperature at 100 m, for example, between October and
January varied between -1.75 and 4.38°C while the salinity varied between 32.4
and 34.4. The current meters are not moored in one water type, but they are
measuring the passing of a great variety of waters between the cold-fresh associated with the shelf and the warm saline offshore waters. The decrease in temperature at 150 m along the shelf indicated in Figure 7 appears to be dictated by
upstream events that change the temperature and salinity characteristics and the
rapid flow along the slope.
The nature of the upstream processes that determine the temperature and
salinity characteristics on the Labrador Shelf are not known yet. It is suspected,
however, that the large tidal flows in the mouth of Hudson Strait cause mixing

II
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to take place in the area, especially along isopycnal surfaces between the cold,
low-salinity inshore and the warm, saline offshore water. In late summer and in
autumn the deepening thermocline in the north may deliver warm surface waters
to the deeper isopycnals. This water in tum appears farther south on the shelf.
Investigations of these processes using the same historical data presented here and
using new data are planned for the future.
A current meter record is presented in Figure 8 to indicate confirmation of the
rapid temperature increase noted in Figure 6 in the deeper waters. These data
were obtained from an Aanderaa current meter moored at 53°50'N, 55°30'W, to
the west of Hamilton Bank between October 25, 1978 and October 30, 1980.
Three instruments were moored consecutively at a nominal depth of 200 m or
10 m above the bottom. The instruments were changed in October, 79 and August,
80, and each record segment has been low-pass filtered to obtain a cut-off frequency of 0.002 cph. The velocity components were rotated 60° east of true
north so that the u-component, or component parallel to the local bathymetry
exhibits most of the velocity signal. There is no significant mean velocity across
the shelf at this site and the cross-shelf fluctuations are small relative to the fluctuations in the downstream direction. The gap between day 220 and day 240 in
1979 is due to poor quality data at the end of the first record.
The temperature signals for both years show rapid increases from late November (day 330) to the end of the year. This seems to coincide with the temperature
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increase noted at 150 m in Figure 6, however the timing and the depth are not
the same. The current meter record was obtained at 200 m, but the averaged data
at 200 m does not show such a large temperature variation. This discrepancy may
reflect the fact that the current meter was located close to the bottom of a valley.
It is possible that topographic control of the flow forces the conditions normally
observed at 150 m to greater depths at this site. The timing of the warm water
arrival appears to be later than in Figure 6 by about 3 months. This difference
could be adjusted slightly because the averaged data represents conditions at the
mean latitude of the stations. Since there are more stations on the southern half
of the shelf, this mean latitude is probably south of the mid-way point along
the shelf, but still north of the current meter position. The adjustment would not,
be more than half a month if the pulse is travelling at 0.3 m/ s. One obvious explanation 'of the timing discrepancy is that the two data sets are incompatible. An
individual realization of an event such as the current meter record cannot be
compared .to the average of scattered data over 50 years. More years of current
meter data may show a large variation in the arrival time of the warm water;
however, this does not seem likely as the late November increases, shown in Figure 8, are remarkably similar for the two years, both in timing and magnitude.
Another explanation is that the arrival of the warm water pulse at the current
meter site is delayed by the nature of the flow in and around the banks. This
would be abetted by the distribution of the bottle data, which is weighted toward
the eastern edge of the shelf (Fig. 1) where any pulse travelling from the north
.would arrive first because it is closer to the fast part of the current over the slope.
Further evidence that the spread of the warm-water pulse may be confined or
limited is found in the study of the 32-year time series of temperature and salinity
off St. John's Newfoundland by Keeley (1981). This station is 550 km south and
presumably downstream of the Labrador Shelf area investigated here. The work
shows that the mean temperature of the intermediate layer (140-190 m) does not
rise above zero at any time of the year.
The salinity data plotted in Figure 8 show little resemblance to the curves of
Figure 6. An increase of 0.4 accompanies the temperature increase from late
November to year-end, which is a time when salinity is at a minimum according
to the averaged data of Figure 6. Another phenomenon that does not appear in
the averaged data is the large increase in velocity in mid-February which is associated with a large decrease in temperature and salinity. More thorough investigations of the details of the flow over the shelf areas may shed some light on these
apparently annual events.
5. Summary

In order to have the maximum possible spatial and temporal coverage, all of
the archived temperature and salinity data from the waters of the Labrador Cur-
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rent between 52N and 60N have been assembled and analyzed as a synoptic data
set. The region of interest was divided into 300 areas or boxes into which more
than 3000 stations were sorted. It was then demonstrated that, within the standard
deviations of the averages formed within these boxes all the water above the
continental shelf between 52N and 60N and the water offshore of the continental
slope, could each be represented by one water mass or one vertical series of temperature and salinity values. In other words, the horizontal gradients over the
shelf and offshore of the slope are negligible compared to the gradients across the
waters above the slope. The main exception to this is found in the salinity gradient
near the coast in the upper 30 or 50 m in the summer due to the seasonal run off.
Using this approximation of zero horizontal gradient above the shelf, a plausible
time series of monthly averages of temperature and salinity at 5 depths was
constructed. The plots showed that there is a seasonal cycle of varying amplitude
in both temperature and salinity at all depths over the shelf.
In the late summer, the temperature of the intermediate water increases quite
suddenly by 1 to 2 °C, after which there is no water remaining with a temperature
below 0.0°C. This fact explained why observations of the intermediate layer in
October, 1977 were warmer than expected. The temperature gradient along the
shelf in September and October were presented to show that during this period
of rapid temperature increase of the intermediate water, the temperature increases
to the north. This was interpreted as an indication that the warm water was advected from the north in the Labrador Current, but no mechanism was given to
explain the origin of the warm water. A two-year current meter record from the
inshore side of Hamilton Bank was presented to show that a large temperature
increase was measured from late November to the end of December in both years.
This increase, it was suggested, was the same phenomenon as the increase noted
in the averaged data; however, a difference in timing of three months between the
two data sets was not explained.
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