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[1] Unusually cold seawater temperatures were observed along much of the U.S. eastern
seaboard during the summer of 2003. In this study, hydrographic and atmospheric
observations from spring through summer were analyzed to track the evolution of the cold
water event in the South Atlantic Bight (SAB) and investigate links to various forcing
mechanisms. The hydrographic observations included 13 cross-shelf transects over the
central region of the SAB, surface temperature time series from several NDBC stations,
and bottom temperatures from a mid shelf mooring. Atmospheric data were obtained from
NDBC stations. Additional data included water level from NOS stations and river
discharge from USGS stations. The conditions observed during spring and summer of
2003 were compared with climatological values. Record precipitation and increased river
discharge during spring produced strong salinity stratification over the inner and mid shelf.
Anomalously intense and persistent upwelling-favorable winds were present from May
until August. On the mid and outer shelf the resulting upwelling and subsurface shoreward
penetration of cold water acted as a feedback mechanism to preserve the stratified
conditions through the summer. The characteristics of the upwelled water corresponded to
water from the lower part of the Gulf Stream water column. On the shelf the resulting
temperature values under the thermocline were significantly lower than climatological
temperatures by 5�–7�C.
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1. Introduction and Background

[2] The South Atlantic Bight (SAB, Figure 1) extends
from Cape Canaveral, Florida, to Cape Hatteras, North
Carolina, along the eastern coast of the United States. The
oceanography of this region has been studied for several
decades [Atkinson et al., 1985; Menzel, 1993] including
a number of intensive field studies (GABEX [Lee and
Atkinson, 1983], GALE [Blanton et al., 1987], and FLEX
[Werner et al., 1993]). The continental shelf of the SAB
historically has been divided into three hydrographic
regions [Lee et al., 1991]: inner, mid, and outer shelf. The
inner shelf extends from the coast to the 20 m isobath and
its circulation is controlled primarily by winds, tides and
freshwater inputs. In the midshelf region, extending from
the 20 m to the 40 m isobath, the influence of river
discharge decreases and the circulation is controlled by
wind and tides, with sporadic Gulf Stream inputs. The outer

shelf extends from the 40 m isobath to the shelf break, and
its circulation is controlled by fluctuations in the Gulf
Stream position and associated frontal eddies and is influ-
enced by winds to a lesser extent. The western boundary of
the Stream generally appears around the 100 m isobath, and
the Gulf Stream and its instabilities dominate the outer-shelf
dynamics on weekly timescales [Lee et al., 1981; Lee and
Atkinson, 1983].
[3] The upwelling and intrusion of cold, nutrient rich

water from the Gulf Stream onto the SAB shelf during the
summer has an important impact on hydrography and
biological productivity [Paffenhöfer et al., 1987; Atkinson
et al., 1987; Lee et al., 1991]. The upwelling process occurs
throughout the SAB with different strengths, generally
strongest in the area north of Cape Canaveral [Blanton et
al., 1981]. The intensity of the upwelling events is highly
variable interannually. There have been several studies of
these events with the earliest focusing on the NE Florida
shelf [Green, 1944; Taylor and Stewart, 1959]. Subsequent
studies by Blanton [1971], Atkinson et al. [1980], and
Hofmann et al. [1981] focused on the northern part of the
SAB shelf in the Carolina Capes region. The most intensive
summer upwelling study was conducted in 1981 as part of
GABEX II [Paffenhöfer et al., 1987; Atkinson et al., 1987;
Lee and Pietrafesa, 1987; Hamilton, 1987], which concen-
trated on the region extending from Cape Canaveral to
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Savannah. These studies showed that the influx of cold
water is largely episodic and that intrusion events occurred
when cold, cyclonic, Gulf Stream frontal eddies were
observed along with upwelling favorable wind at a time
when the Stream was in a relatively onshore position. The
cold water intrusions were found to be associated with the
passage of cyclonic frontal eddies, which travel northward
(propagation speeds around 40 km day�1) along the western
edge of the Gulf Stream and occurring at intervals of 2–
14 days [Bane et al., 1981; Lee et al., 1981; Lee and
Atkinson, 1983].
[4] During 2003, a ‘‘cold event’’ was observed along the

U.S. east coast from Florida to New Jersey. Its impact in the
Mid-Atlantic Bight (MAB) have been described by Sun et
al. [2004a]. Further analyses by Schwing and Pickett [2004]
used observed wind to calculate a time series for an
upwelling index (offshore component of Ekman transport).
These studies suggested a teleconnection between global
atmospheric systems and the anomalous coastal and shelf
conditions during 2003 in the SAB and MAB.

[5] Several informal announcements from the Depart-
ments of Natural Resources (DNR) of Georgia and South
Carolina, as well as from divers and beach goers, reported
abnormally low bottom water temperatures in the SAB
during July and August of 2003. Some of these reports
described bottom temperatures of 19�–20�C off the coast
of Georgia and South Carolina around the 30 m isobath,
where normal summer temperatures are around 25�–26�C
[Blanton et al., 2003]. Similar low temperatures were
reported off the coast of Florida.
[6] The impact on shelf primary production of the

upwelled cold water was likely to have been considerable.
Enhanced primary and secondary production on the SAB
shelf in summer results from the input of nutrients in the
subsurface intrusions of cold water during previous years
[Yoder et al., 1985; Paffenhöfer and Lee, 1987; Lee et al.,
1991]. However, since the 2003 cruises were largely
opportunistic and emphasized hydrographic surveys, the
available biological data are limited. Chlorophyll fluores-
cence profiles (CTD system) and analyses of filtered
samples for chlorophyll concentrations showed well de-
veloped subsurface phytoplankton blooms on the mid to
outer shelf off Georgia in July and August. Chlorophyll
concentrations in the warm surface mixed layer in this
shelf region ranged from 0.2–0.3 mg m�3 in July and
0.3–0.8 mg m�3 in August, while concentrations in the
colder bottom layer ranged from 1 to 4 mg m�3 in July
and 3 to 6 mg m�3 in August. The subsurface blooms in
July included colonial prymnesiophyte, Phaeocystis glo-
bosa (J. Long, personal communication) and in August a
bloom of a large, single-cell diatom (Coscinodiscus spp.)
was encountered in several stations. Other biological
impacts of the anomalously cold water in the SAB
included mortality of reef fish off NE Florida (Florida
Fish and Wildlife Research Center) and cold shock of
loggerhead turtle hatchlings (Loggerheadlines, June–July
2003, SC DNR).
[7] In this study we have compiled hydrographic and

atmospheric observations during spring and summer of
2003, focusing on the central SAB. The objective is to
characterize the conditions present in this region and con-
sider possible forcing mechanisms that triggered the event.
The main characteristic of the event in the SAB was a strong
and unusually persistent thermocline that extended from the
shelf break to about the 15 m isobath. Temperature under
the thermocline in 2003 was significantly lower, by as much
as 5�–7�C in some locations. We propose that the occur-
rence of this temperature stratification was apparently
influenced by the presence of anomalously strong salinity
stratification in late spring associated with larger than
average river discharge during the early spring.

2. Data Sources

[8] Because of the unexpected nature of the 2003 event,
there was no specific effort to produce a rigorous set of
observations to describe the water intrusion until late July,
2003. Hydrographic observations before that time were
collected for other purposes, and therefore the availability
of data for the summer of 2003 presents significant spatial
and temporal gaps.

Figure 1. Study region. The South Atlantic Bight extends
from Cape Canaveral, Florida, to Cape Hatteras, North
Carolina. The gray dashed line represents approximate
locations of the hydrographic cruises done on board the R/V
Savannah during the summer of 2003. The black dashed
lines, labeled Altamaha, Savannah, and Pee Dee, represent
the river locations included in this study. The dot
corresponds to the R2 SABSOON tower location, and the
diamond corresponds to the NDBC buoy (41008) at Gray’s
Reef National Marine Sanctuary (GR). The squares show
NOS water level stations used in this study (VK, Virginia
Key; TP, Trident Point; FP, Fort Pulasky; SP, Springmaid
Pier; CH, Cape Hatteras). The 20, 40, 60, 200, 600, 1000,
and 3000 m isobaths are shown.

C06007 ARETXABALETA ET AL.: SAB SUMMER 2003 UPWELLING

2 of 15

C06007




























