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Abstract

Examination of variations during 1987 in the offshore boundary of
shelf water off the northeastern United States coast continued for the
fourteenth'year. based on weekly measurements of the surface position of
the sheif water front along nine bearing lines between eastern Georges
Bank and Cape Hatteras. The frontal positions are derived-from analyses
of sea surface temperature patterns from satellite infrared data.
Results of the weekly positions through the year are presented for four
of the bearing lines and compared to the ten-year (1974-1983} monthly
mean positions, Also described are the annual mean positions and
variability for 1987, which-are cdmpared to the ten-year averaged
resuits.

In 1987, frontal positions generally followed the ten-yeaf mean
seasonal patterns, but seasonal cycles seemed to be oversnadowed by the
shorter period and larger magnitude variations associated with the
passage of warm core rings. Average positions for the year were about
the same as the ten-jear mean values, but variability during 1987 was

less.

The shelf water front along eastern North America is delineated by -
the narrow gradient zone between cooler, less saline shelf water and the
warmer, more saline slope water that lies offshore. The surface

position of the shelf water front can usually be determined from thermal




infrared data such as is available from Advanced Very High Resclution
Radiometers (AVHRR) on NOAA polar-orbiting satellites. The digital data
with approximately one kilometer resolution were collected from satellite
passes over the waters off eastern North America and were atmospherically and
geometrically corrected and enhanced to identify ocean surface thermal
features, using the facilities of the dceanographic Remote Sensing
Laboratory, University of Rhode [sland, Oceanographic Analysis charts

which display oceanic features and are prepared by the NOAA National

Weather Service, Ocean Services Unit from interpretation of satellite

data were also used in locating the shelf water front, fo]!owing the

method described by Gunn {1979},

Methods

Distances from the coast to the front were measured along nine '
bearing lines from Cape Hatteras to eastern Georges Bank {(Fig. 1}. |Inm
general, the front is bound to the shelf break, consequent|y the
distances along each bearing line were reduced to give departurés of the
front from the 200-m isobath (the shelf break). To maintain the weekly
schedule of frontal observations that has been compiled since 1974, a
single position for the front along each bearing line was selected each
week as representative of the shelf front location for the week. During
1987, frontal positions could be ascertained along the bearing lines in
about 88% of the weekly observations., Omissions occurred because of
cloud cover or because of the lack of thermal contrast in the satellite
imagery.

Four representative bearing lines: Casco Bay (120°), Nantucket
Island {180°), Sandy Hook ({130°), and Albemarle Sound {90°} have been
selected to show the fluctuations of the frontal position during 1987
(Fig..z}. Long-term mean positions for the ten years, 1974-1983, serve
as a base for comparison of 1987 values. Major displacements in the
front oftén correspond to the passage of anticyclonic warm core rings.
Names and paths of rings used in this report are from the analyses of

Barton and Sano (MS 1988).

Resuits

Casco Bay (120%): The ten-year mean positions (1974-1983) remain

consistently offshore of the 200-m isobath, and show large variability




in.most months. A seasonal- pattern in‘the frgnta] position is not
apparent, although the front tends to be mere offshore during the winter
iand spring months and shoreward in the fall.* Thé most offshore location
occurs in January and mest shoreward position in (ctober. The Janruary

and Uctober mean positions also exhibit the least variability.

In 1987 at the Casco Bay (120°) bearing line, the shelf waier front
was observed primarily seaward of the shelf break., On five occasions,
associated with'warm core rings, the front extended significantly
seaward,” During mfd-Februa}j, in the wake of warm core ring 86;H, the

" front was approximately 145 km southeast.of the éhelf break. As warm
. core 'ring 87-C moved westward pass\the bearing 1ine at thebend of April,
"<the front was located as muéh'és 149 km seaward of the shelf break,
‘Aftér'ring 87-D passed at the beginning of June, shortly behind ring
" 87-C, the location of the froht,reacheduits‘séaward extreme during 1987
of ﬁpprox%mately 280 km offsﬁbre of the 200-m isobath, It rémained well
:‘dffShorg throughout July but in August started returning to@ard the
: sheff bfeak. Aftér passaéeféf'twp closely'associated rings, 87-F an’di
87-6, in Septeﬁber, the frdnﬁ reimained rélati#e]y ;Hosé'to the.éﬁelf
- bﬁéﬂk unti]ﬁthé‘laﬁf obser@étEOn in early December. The shbrewaEd'
1-extreme occurred in early November _when thé groﬁf_ﬁas located at the

-hfshelf break

'Nantucket Island5(180°)- The iong-te%m mean positioﬁs exhibit a

dlst1nct annual cyc]e w1th the front located near. the 200-m 1sobath
‘ ‘from June through November, and offshore of the shelf break for the
'-l‘other ha]f of tne year. The ,front-is at the most of fshore pos1t1on in
:Aprll and the extreme onshore pos1t1on occurs in Uctober., Yariability

1s about half the magn1tude an Casco Bay (120°}, with the largest

varYab1l1ty 1n Aprll.

At

'Shelf water front posit{ons remained within 50 km of tﬁe 200-m

‘ lsobath throughout 1987, _except during three ep1sodes which were

- assoclated with the passage of warm core rlngs. In March, while ring
86-} was centgrgd on the bgar1qg line, the front was at its shoreward
extréme‘positioh f;r the year, about 60 km shoreward. of the shelf
breag Dur1ng Octuber, in the wake of ring 87 C the front shitted to

120 km otfshore of the she]f break Following ring 87-C, in late



October, ring 87-F moved slowly across the bearing line and shelf water °
ex;ended to its most offshore location for the year, when the front was

135 km seaward of the 200-m isobath, Ring B7-F remained close to the

_Nantucket bearing line until its demise at the end of November. This

may account fof the continuéd seaward tocation of. the front through

early December.

Sandy Hook {130°): The 1974-1983 monthly mean positions indicate that

- the shelf water front remains near the 200-m isobath from July through

March and is more offshore during April through June. The most
shoreward positions are in Uctober aqd February, and the most offshore -
]océtion 6f the front is in May. Variability is of similar magnitude to
fhat of tne-Nantucket IsTand (180°) line, with maximum variability in
May and July and ﬁinimqm values in October and November.

Cn 1987, the shelf water frbnt was located ﬁear the ten-year
monthly mean positions. and close te, but predominately seaward of the
ZUO-m'isqbath. The most shorewarﬁ_position of the front for the year
occurred {n March, when slope water .extended to about 50 km shoreward of

the 200-m isobath. At the end of May, in the wake of ring #6-1 the

front was at its most seaward position for the year with shelf water

extending to about 150 km seaward of the shelf break. The front shifted
almost 100. km seaward in late June with further interaction with ring

86-1 and in August, in the wake of rings 87-C and 87-E. [n late

November and again in [4te December, the rront was focated almost 100 km

offshore of the 200-m isobath, . '

Albemarle Sound {90°}: On this bearing line, near Cape Hatteras, the

- long-term monthly mean positions o6f the shelf water front show a regular

annua]_cytie fluctuatihg offshore and onshore of the‘ZOD-m isobath.
Fromidanuary to March the front is located about 20 km shoreward of the
shelf break, during April the front shifts offshore until it is about
15-20km seaward of, the shel% break for May fhrough September, In-
October through December, the front shffts shoreward and it is located

near the shelf break, Maximum variability for the ten-year record

“occurs in August and the minimum is in February.

During 1987, the front aiong the Albemarle Sound bearing line

P .. ER + . R
remained close to the ten-year mean values. The front remained




primarily shoreward of the ZUO-m_isobath into March. It then. oscillated
“about the shelf break untfl August.: The fjrst:significént departure
from the shglf bréak occurred in.Aﬁgust wi#h'tﬁe arrival of rihg 86-1.
the bnly ring to make it to thﬁs\ﬁearing 1ine‘in;1987; Subsequently,

the front was positiohed mostly seaward of.the 200-m isobath,

Yearly mean: The ten-year, ‘annual mean positions of the shelf water
front aldng the n{ne bearing lines (Fig. 3) indicate. that the fronﬁ is
typicaliy about 115km seaward of. the 200-m isobath on the.eastern-most
line (Casco Bay 120*). The separation aﬁf;hé tront from the:shelf break
steadily decreases until the Nantucket (180%) line, Froﬁ‘fhere
. 'séuthward to the Cape Henry {95°) line, the front is generally about 15-
 20km offshore of the shelf break. Along the Albemarle Sound (9U°) }ine,
the front is located over the 200-m isobath. -Variability in the frontal
_position from thé ten-year regord, as indicated by the standard
deviation (Fig. 3) shows maximum variation at the Casco Bay (120°) line
+. and minimum ?ar1ability along the Albemarle Sound (90°) line,
In. 1987, the'aqnual mean positions cltosely. resembled the teniyear
mean values, The distance fo the front, always seaward of the 200-m
isobath, generally decreased from Casco Bay (120°) to Albemarle Sound
{90°), The gtandard‘deviation values were less than the long-term mean
yg)ueé for ail beiring 1ines. From Casco Bay to Montauk Point, the 1987
standard deviétion values wefe\no more than 10 km below the.lbng-téfm

means, but south of Montauk Point were about 15 to 20 km less than the -

i
ten-year mean values.

VCohciusions|

Based on the ten-year monthly means (1974-1983), along the bearing lines
froﬁ eastern Georges Bank to the-Sandy Hook- (130°) line, the front tends
to be more offshore during spring a;d shoreward during fall, From the
Cape May {130°) line to Cape Hatteras, the front's position is typically
further offshore in summer and-shoreward in winter. In 1987, frontal
ﬁositfons ggperally followed the loné;term mean seasonal pgttern,
él}hough any séasonél cycle éeemed to be overshadowed by shorter period
'flucfuétion;. Typically, the largest variabiiity in the posjti&ns of
the shelf water front occurred near warm core rings, particular{ly

invol@ing the passage of warm core rings 86-1, 87-C and 87-F. For the
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year, frontal position§ in 1987 were about the same as the ten-year
means on all bearing tines, with the maximum difference of 23 km on
Casco Bay'(120°)-1ine. Variability of the frontal positions in 1987 was
" “less than the long-term means on all bearing lines, with standard
deviation estimates of varibility amounting to about 25% less than the

ten-year mean values.

o

References

Gunn, J. T, 1979. Variation in the shelf water front from Georges

Bank to Cape Romain in 1977, [CES Annales Biol., 34 :_36-39.

' Barton K. W., and M. H, Sano. M5 1988. Anticyclonic warm core
~Gulf Stream rings off the northeastern United States during

1986. NAFO SCR Doc.

‘};5t, C

‘400 |-

., 35° |

o 1 1
8O° 75°. 70° . . 85°

Figure 1. Reference pointe and bearing lines used to portray
variation in position of the shelf water front relative
to the 200-m isobath (dotted line). The degrees are
azimuthe of the lines.
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Figure 2. Shelf.water frontal positions in 1987 relative to

the 200-m isobath (positive is seaward) on selected bearing
lineg, If data was migsed for more than four weeks the -

> . interval was left blank. Dashed lines indicate gaps in the

.data.of . two to four weeéks, while tha adjacent points were
. connéoted for a missed week. Tan-year (1974-1983) mean

monthly positions of the front are shown as dote with. the

vertical.lines representing: +1 standard deviation.
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Figure 3. Mean positions of shelf water front, during 1987,
. ralative to the 200-m isobath (positive is seaward) and
.7 standard deviatlions of weekly positions at each bearing
. 'iine. Long-term means and standard deviations for the
T 71974-1983 basé peried are shown for comparison.
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