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describe the seasonal variations in the freshwater pathways along and

across the shelf/slope boundary, paying particular attention to the

current branching that occurs at the Tail of the Grand Banks of :

NveOUﬂdlond’ | ] ;. a % 3 s . ,,o- -400 -300 -200 -100 | (I)\ | 100 200 300 400
- | Distance offshore

because the cooling takes place at a time when the seasonal freshwater run-off

While there is a single seasonal salinity minimum at the shelfbreak, //J;//// is reduced, leaving the boundary current with a saltier source.
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mulfiple minima appear in the offshore region downstream of Flemish
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e The offshore freshening happens in phase from north to south. The Distance from Shelfbreak (km)
freshest water arrives on the boundary and is very shortly observed off-
shore at both locations south of Flemish Pass.
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e Low salinity water persists offshore for roughly the same period
everywhere south of Flemish Pass (June—-October).

A SGGSOHGI CllmqfOIOgy above: Monthly mean salinity anomaly averaged over the shelf-water layer across the shelf and slope at Flemish Cap (top), across the

. . . , eastern flank of the Grand Banks (middle), and aft the Tail of the Grand Banks (bottom). The gray masking shows where the layer is out-
The climatological fields presented here were constructed using the cropped.
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Hydrobase2 (Curry, 1996). The historical data includes CTD and bottle data 1
from the World Ocean Database 2005, and profiling float data from ARGO. The RefrOerChon Geomefry
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L for select climatological months. Contours of
annual mean thermocline depth are overlain
to show the thermocline ridge geometry dis-
cussed previously. The gray areas mask re-
gions where the shelf-water layer has out-
cropped.
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Seasonal Variations in Freshwater

If the shelf/slope region is dominated by advection, we should be able to track the propagation of the seasonal freshwater The thermocline forms a ridge that roughly parallels the shelf between Flemish Cap and the Tail of the Grand Banks. Be-

pulse southward along the boundary in the monthly climatology. Following the shelfbreak from the Labrador Coast to the cause this pattern is representative of the density structure in the water column above this depth, the configuration sug-
southwest side of the Grand Banks, the seasonal progression of the salinity anomaly in the shelf-water layer shows: gests southward flow along the boundary, retroflecting offshore at the Tail of the Grand Banks and returning within the

northward flow regime. This is consistent with the traditional retroflection pathway that is typically depicted in circulation

Evolution of Salinity Anomaly Within the Shelf-Water * An annual cycle is evident at all locations north of the Tail, with least cartfoons of this region. However, there is also a north-south tilf to the thermocline ridge structure, with the surface shoal-

Layer Following the Shelforeak fresh anomaly in late winter and most fresh in summer/fall. iIng toward the north indicative of offshore geostrophic shear. This suggests that a second geostrophic export pathway
North 4t &+ + o o+ o L exists whereby the flow is directed offshore across the full length of the thermocline ridge crest between Flemish Cap and
T \/ | '\ Hamilton e There is a 3-month lag between when the freshest water is observed the Tail of the Grand Banks (cross-ridge retroflection pathway). The distribution of temperature and salinity across the
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Selected maps of monthly mean salinity anomaly illustrate the seasonal evolution of freshwater relative to the retroflection
geometry south of Flemish Cap. In March, the freshwater boundary is retracted well inshore of the southward flow regime
and the shelf-water layer is outcropped along the full length of the thermocline ridge. In the following months the outcrop-
ping region refracts northward along the thermocline ridge and the freshwater boundary begins to move offshore into the
southward shear at the shelfbreak. By May, we see evidence for freshwater advection across the thermocline ridge as
plumes of freshwater (yellow) extend across the ridge in three locations. Very fresh water (blue) now encompasses the
region of southward shear along the northern thermocline ridge. By August, plumes of this very fresh water now extend
across the ridge into the region of northward shear. In November, winter cooling begins to erode the stratification in the
shelf-water layer, particularly in the north, and the cross-ridge pathway is blocked for all but the densest (saltiest) portion of
the layer. Because this process begins in the north, the fime-lagged arrival of the seasonal freshwater pulse at the Tail of
the Grand Banks survives and is visible as a fresh tongue following the fraditional retroflection pathway. By January, the
outcropping region has begun to creep southward along the axis of the thermocline ridge, cutting off all of the cross-ridge
advection pathways within the shelf-water layer.

Bank
N along the Labrador Shelf and when it is observed east of the Grand Banks. ridge shows the dramatic property front that exists between the cold, fresh polar-origin water flowing south and the
This is consistent with an advection speed of 23 cm/s along the 1800 km warm, salty subtropical water flowing north. The mean salinity distribution in both sections shows that fresh water is lo-
\ / distance. To first order, the signal is advective and not just a phased re- cated over the ridge crest suggesting that freshwater is being advected from the southward to the northward flow

sponse to air-sea forcing. regime.
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Seasonally the structure of the thermocline ridge
e The water is fresher and persists for a longer period than at other locao- September March is robust. However, seasonal cooling dramati-

fions on the Newfoundland Shelf north of Flemish Pass (Aug.-Oct.), and g  — o /} _ cally alters the density distribution in the shelf-
along the eastern flank of the Grand Banks south of Flemish Pass (Sep.- ———— ° water layer, setting the properties of the water

Distance Along the Shelfbreak

cross-ridge advection pathways for the freshest vected offshore along the full length of the boundary between Flemish Cap and the Tail of the Banks. This dynamical
Pass. Instead, some of the freshwater leaves the boundary within a bifur-

0 R VAN L West cated path north of Flemish Cap. Due to persistent outcropping in the a few months, the entire shelf water layer is com- followed by its appearance offshore along the multiple retroflection pathways. Several factors combine to produce

‘1  Grand Banks north, this is the first offshore pathway available to the current. — pletely outcropped over the thermocline ridge the patterns of freshwater distribution that we have observed across the refroflection region south of Flemish Cap: (1)
o b Distance (km) ™ Distance kmp crest and the freshwater in the boundary current the arrival and flushing-rate of the seasonal freshwater pulse, originating as run-off and ice-melt, sets the boundary con-

—r— e Downstream of the Tail, the temporal pattern is not as smooth and the is frapped at the shelfbreak. The convection dition for freshwater export, and (2) seasonal buoyancy forcing at the surface alters the vertical stratification, modulates

40 58 B.6 -3.4 B2 B0 28 26 24 22 -20 anomaly is not as fresh as it was east of the Banks. fop: Meqn veﬁical sections of salinity anomaly with density overlain across the
Salinity Anomaly thermocline ridge crest for September and March. The 26.8 and 27.25 isopyc-

nals are depicted by the heavy confours showing the shelf-water layer and
above: Monthly mean salinity anomaly averaged over the shelf-water layer within a 100 km swath following the shelfbreak from the thermocline marker used above.
the Labrador Coast to the southwest side of the Grand Banks. The gray masking shows where the layer is outcropped.

near-surface water along these surfaces. Within evidence is supported by salinity anomaly maps that show the time-lagged arrival of fresh shelf water at the boundary,
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I Fﬁ;ns'zh NOV..). It is most likely that a portion of this water has been advected by 100 " B available for export along geostrophic path- Summqry

the inner-shelf branch of the Labrador Current. 2 ways. Winter cooling and convection during fall
[ i e removes buoyancy from the shelf-water layer Our 100-year climatology suggests that, while cold/fresh northern-source waters are advected offshore within the refro-
P e The temporal persistence of the minimum north of Flemish Pass is not B and the stratification begins to break down. The flecting Labrador Current at the Tail of the Grand Banks, this is not the only (and perhaps not even the dominant) export
! observed downstream, suggesting that not all of the freshwater arriving at - ] lightest isopycnals outcrop first, cutting off the pathway for these waters to reach the interior North Atlantic. Thermocline topography suggests that freshwater is ad-
- the shelfbreak to the north of Flemish Pass is advected south through the
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process is most effective over the thermocline the freshness of the water in the boundary current, and seasonally restricts certain export pathways. Although we have
ridge where there is a much weaker buoyancy not shown it here, there is direct evidence in synoptic bottle data that the fresh retroflected Labrador Current water re-
cap, resulting in a totally outcropped layer. turns north as an identifiable component of the western North Atlantic Current.
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