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Figure 2
Anomalies in the position of the shelf-slope front off southern New England, 1974-83,
relative to the 10-yr monthly means in Figure 1: A) at the surface, in horizontal distance,
and C) along the bottom, by bottom depth. Blanks represent absence of data. B) Presence
and duration of Gulf Stream warm-core rings at 71°W longitude.

tween the 95- and 110-m isobaths is about 6 km. Aver-
aged for all months of the ten years, the front was
located 41 km seaward of the 200-m isobath at the
surface and its bottom contact was at 102 m depth
(Table 1), i.e., the front sloped so that its location at the
surface was about 65 km offshore from its bottom posi-
tion. These seasonal patterns and positions for the sur-
face and bottom contacts of the front are very similar to
those determined for 1941-72 (Wright, 1976).
Variability in the position of the shelf-slope front,
expressed as the standard deviation of average monthly
frontal position (Fig. 1B), tended to be least in late
summer and fall, which was when the front was most
shoreward at the surface and in shallowest water on the
bottom (Fig. 1A). However, seasonal patterns in frontal
positions are somewhat uncertain since the typical stan-
dard deviations (+35 km at the surface and 12 m on
the bottom) were comparable in magnitude to seasonal
shifts in location of the front. The variation in annual
average frontal position during the 10-yr period (Table 1)
was similar in magnitude to the 10-yr mean seasonal
difference at the surface, although bottom positions were
within 5 m of the 99-m isobath in all years except 1978.

A total of 34 warm-core Gulf Stream rings transited
the waters off southern New England during 1974-83,
with 3 of the rings first appearing near the end of a year
and persisting into the beginning of the following year
(Table 2). During each year, 3—4 rings were present,
except in 1977, when there were 7 rings. The average
duration for each ring at the 71°W meridian was about
35 days, ranging from about one week for a ring in 1977
to about three months for a ring in the first half of
1974. Warm-core rings were present off southern New
England from as little as 92 days in 1983 to as long as
163 days in 1977, averaging 123 days per year, or about
one-third of the time. No distinct seasonal pattern in
the presence of warm-core rings was evident, although
rings tended to occur less often during late summer
and early fall (Fig. 1C), which corresponds to the pe-
riod of least variability in frontal position (Fig. 1B).
They were most often present in late June, when there
were rings in six of the ten years.

Anomalies in location of the shelf-slope front at the
surface and along the bottom during 1974-83 are shown
in Figure 2 as departures from the 10-yr mean monthly
position. Also depicted in Figure 2 are the periods
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Table 1
Average location of the shelf-slope front at the surface and on the bottom off southern New England during months when
warm-core rings were present or absent for each year, 1974-83, and for the decade.

Surface

Bottom

Rings present

Rings absent

Rings present Rings absent

Average No. Location! No. Location! Average No. Location? No.  Location?

location! (km)  months (km) months (km) location? (m)  months (m) months (m)
1974 25 5 10 6 45 96 5 94 7 104
1975 14 5 1 5 28 102 6 92 6 111
1976 47 4 24 7 60 94 4 81 5 105
1977 15 8 12 1 25 103 9 99 3 114
1978 68 4 28 8 89 111 4 100 8 116
1979 54 4 38 6 64 103 5 96 7 108
1980 37 4 29 8 41 101 4 93 8 104
1981 62 6 26 6 98 104 5 98 6 109
1982 52 5 35 7 61 101 o) 92 7 107
1983 37 b 11 7 56 103 5 95 7 109
Average 41 5 21 6 56 102 5 94 6 109

Note:

seaward.

number of months of values may not sum to 12 in a year because of absence of data for some months.
I Surface frontal positions are the horizontal departure of the front from the location of the 200-m isobath, with positive values to

2 Bottom frontal positions are the bottom depth of intersection of the front with the bottom.

when warm-core Gulf Stream rings were present in the
slope water along 71°W. In general, throughout the 10 yr,
excursions of the front at the surface and along the
bottom parallel one another. Typically, when the front
shifted to offshore of the 10-yr mean monthly position
at the surface, the bottom contact was in deeper water;
when the front was shoreward of the mean monthly
position at the surface, the bottom contact was shal-
lower. However, there were notable exceptions to this
pattern. For example, from January through July 1977
(Fig. 2), the front was located shoreward of the 10-yr
mean monthly position at the surface, but was generally
farther offshore and in deeper water than average, or
near the average position, along the bottom. At the
surface, the farthest offshore position of the front for the
10 yr was in April 1978 (180 km seaward of the 200-m
isobath) and the farthest shoreward position occurred in
January 1975 and October 1982 (20 km shoreward of the
200-m isobath). Extremes of bottom contact of the front
were in February 1977 (deepest contact at 137 m) and in
November and December 1976 (shallowest bottom con-
tact at about the 70-m isobath).

Excursions of the shelf-slope front from the 10-yr
mean monthly positions at both the surface and along
the bottom often tended to be associated with the pres-
ence or absence of warm-core Gulf Stream rings (Fig.
2). When rings were present, the front was usually
located father shoreward at the surface and in shal-
lower water along the bottom. In the absence of rings,
the front tended to be farther offshore and in deeper

Table 2
Frequency and duration of warm-core rings present off
southern New England by year, 1974-83.

Number Duration

of rings (days)
1974 3 128
1975 4! 149
1976 3 99
1977 7 163
1978 3! 105
1979 4 146
1980 3 107
1981 3 139
1982 3 102
1983 4 92
Average 3.7 123

! Includes one ring present at the end of the preceeding year
that persisted into the beginning of the noted year.

water. Horizontal shifts in frontal position in response
to the passage of rings were generally larger at the
surface than along the bottom, probably due to the fact
that the slant of the front makes it more likely to inter-
act with rings at the surface than along the bottom.
Not all of the rings had comparable influence on
front position, which was likely due to variations in the
size and dynamics of the rings and their proximity to
the continental shelf (Chamberlin, 1982). An example
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of the relation between warm-core rings and shifts in
frontal location can be seen in the sequence of events
in 1980 through early 1981 (Fig. 2). During the first
half of 1980, three rings were present and the front was
well shoreward and shallower than average. From July
through December, no rings were reported, and the
front shifted to offshore at the surface and into deeper
water at the bottom. From January through April, the
front shifted shoreward and into shallower water as two
more rings drifted across 71°W longitude.

There was considerable between-year variation in an-
nual mean position of the front at the surface and
along the bottom (Table 1), which was not clearly re-
lated to either the number of rings present during the
year or the total duration of rings in the area (Table 2),
nor were the surface and bottom position shifts be-
tween years typically in tandem. However, when com-
piled for months when rings were present versus ab-
sent, the annual mean frontal position was always far-
ther shoreward at the surface and in shallower water on
the bottom when rings were present (Table 1).

Shoreward movement of the front with the passage
of rings results in reduction of the area covered by shelf
water. To estimate this reduction, the 10-yr average
frontal positions for periods with and without rings
(Table 1) were used to calculate the cross-sectional area
of shelf water from the coast to the front along 71°W
longitude. Assuming the front slopes linearly with depth
from the surface to the bottom, the cross-sectional area
was 9.1 km? for periods with rings and 11.6 km? for
periods without rings, amounting to a 21% reduction
in shelf water cross-sectional area due to rings.
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