
Shelf circulation prior to and post a cold front event measured from
vessel-based acoustic Doppler current profiler

Chunyan Li a,c,⁎, Changsheng Chen b,c

a Department of Oceanography and Coastal Sciences, Coastal Studies Institute, School of the Coast and Environment, Louisiana State University, United States
b Department of Fisheries Oceanography, The School of Marine Science & Technology, University of Massachusetts-Dartmouth, New Bedford, MA 02744, United States
c International Center for Marine Studies, Shanghai Ocean University, Shanghai 201306, China

a b s t r a c ta r t i c l e i n f o

Article history:
Received 5 January 2014
Received in revised form 5 May 2014
Accepted 13 May 2014
Available online 20 May 2014

Keywords:
Wind-driven flow
Sparse data
Observations
Analytic model
Continental shelf dynamics
Cold front

Shelf circulation impacted by a shift in wind regime during the passage of an atmospheric cold front system is
studiedwith a field survey over themid-shelf of the South Atlantic Bight betweenOct 4 and 9, 2004.Weak south-
erlywinds preceded the cold front for a few days, followed by a rapid shift inwind direction and strengthening of
northeasterlywinds over a fewmore days.More than 93 h of acoustic Doppler current profiler (ADCP) data were
obtained along an equilateral triangle of 105 km in perimeter, which was continuously occupied for 11 times. A
harmonic analysis was applied to extract tidal and subtidal wind-driven flow components by collapsing the
93 hour data into one M2 tidal period. It was found that the cross-shelf flow was barely affected by the wind
while the along-shelf flow respondedwith a spatially uniform and almost steadily increasingmean flow velocity,
superimposed on an oscillatory tidal current. Thewind induced along-shelf transportwas estimated to be ~0.3 Sv
over the inner andmiddle shelf. The net cross-shelf transport was negligible. Apparently, the northeasterly wind
causes an along-shelf currentwhich was subject to Coriolis force that sets up an increasing coastal sea level pres-
sure gradient as the water kept piling up against the coast, which was confirmed by tide gauge data. The obser-
vations found that the flow field prior to the strong winds had more complicated structures including eddy-like
features, while after the strong northeasterly winds, the flow became eddy free and uniform in space. A theoret-
ical model solved by a Laplace Transformwas used to examine the wind-driven flowmechanism and the results
were compared with the observations of net along-shelf flow velocity.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

The mid-latitude synoptic weather systems frequently move along
the US continent roughly from the northwest to the southeast (and
sometimes back to the northeast along the edge of the east coast, partic-
ularly with severe storms). One of the major processes within such
weather systems is the atmospheric cold front, which is often preceded
with a warm air mass characterized by moist and relatively warm
southerly winds. As the cold front approaches, air pressure drops and
precipitation may occur. After the passage of the front, the air pressure
starts to increase again; air temperature drops quickly with the drop
of humidity; the sky clears and the wind shifts to northerly. The shift
in wind regime can have a significant effect on the flushing of bays
(e.g. Feng and Li, 2010; Li, 2013), saltwater intrusion (Li et al., 2011),
and sediment transport (e.g. Walker and Hammack, 2000). On the
shelf, wind in general (whether it is from a cold front system or not)
is mainly responsible for the generation of along-shelf currents and its
effect on the cross-shelf transport is usually found to be small (e.g.

Mitchum and Sturges, 1982), even with a cross-shelf wind component.
Gill and Schumann (1974) showed that the along-shelf current on the
coast was proportional to themaximum along-shelf wind stress for ide-
alized square wave wind forcing and propagating oscillatory wind
forcing.

Much of the observational data of early studies on wind-induced
flows were obtained in large lakes. For example, Csanady (1973)
showed that the “initial” period of the depth-integrated transport in
“long lakes” increased linearly with time, followed by a frictional effect,
which slowed down the increase subsequently. Although the cross-
shelf transport is generally considered to be negligible, some model
studies (Tilburg, 2003) suggest that the cross-shelf velocity influenced
by cross-shelfwindmaybe significant on the surface, facilitating the on-
shore or offshore transport of surface water and waterborne materials.
Observational data of such along-shelf and cross-shelf flows, especially
those during wind events over an area on the shelf, resolving spatial
structures, are however scarce. The impact of this dynamical change
on the spatial structure of shelf circulation has not been explicitly inves-
tigated with a field survey during a frontal passage, which is the subject
of this study.

The main objective of this study is to determine the flow field, in-
cluding its spatial and temporal variabilities, over themid-shelf affected

Journal of Marine Systems 139 (2014) 38–50

⁎ Corresponding author at: Coastal Studies Institute, 331 Howe-Russell Geocomplex,
LSU, Baton Rouge, LA 70803, United States. Tel.: +1 225 578 3619; fax:+1 225 578 5120.

E-mail address: cli@lsu.edu (C. Li).

http://dx.doi.org/10.1016/j.jmarsys.2014.05.006
0924-7963/© 2014 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Journal of Marine Systems

j ourna l homepage: www.e lsev ie r .com/ locate / jmarsys

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jmarsys.2014.05.006&domain=pdf
http://dx.doi.org/10.1016/j.jmarsys.2014.05.006
mailto:cli@lsu.edu
http://dx.doi.org/10.1016/j.jmarsys.2014.05.006
http://www.sciencedirect.com/science/journal/09247963


by wind with vessel-based observations. Our flow data obtained in the
South Atlantic Bight (SAB) spanned over a 93-hour period between
October 4 and October 9 of 2004 before and after a cold front passage
that brought a strongnortheasterlywind. In this paper, wewill examine
both the along and across-shelf flows and spatial structures in response
to the wind forcing. A vessel-based observational study in the SABmid-
shelf for spatial characteristics encompassing a cold front event has not
been reported before. This is largely due to the fact that most vessel-
based surveys try to avoid adverseweather, not tomention a prolonged
survey under stormy conditions.

2. Study area and observations

The study area is at the SAB (Fig. 1a). This area has a strong semi-
diurnal tide over a broad inner- and mid-shelf: about 80% or more of
the tidal energy is semi-diurnal. The mid-shelf is also strongly influ-
enced by wind (Atkinson and Menzel, 1985; Atkinson et al., 1983).
Tidal motion is mostly onshore–offshore, i.e. in the cross-shelf direc-
tions. In contrast, the mean water transport is mostly along the shelf
(Lee et al., 1991) although episodes of apparent cross-shelf transport
have been suggested based on satellite observations in winter–spring
time (Chen, 2000; Chen et al., 1999; Li et al., 2003).

Aimed at the quantification of the along and cross-shelf transports,
we conducted a survey on a 92-ft research vessel R/V Savannah be-
tween Oct 4 and Oct 9, 2004. We continuously obtained velocity profile

data along an equilateral triangle,whichwas repeatedly occupied, in the
mid-shelf (20–40 m in depth) around 31.6° N and 80.5° W with a pe-
rimeter of 105-km in length (Fig. 1a). A 300 kHz RD Instruments acous-
tic Doppler current profiler (ADCP)mounted at the bottom of the vessel
was used in the survey. In addition to the measurements of the velocity
profiles, a surface thermosalinograph (SBE 21) was used to record sur-
face temperature and salinity continuously. An SBE 25 was also used
to measure the vertical profiles of water temperature and salinity. The
vertical bin size for the ADCP was set to be 1 m. The first useful data
point near the surface was about 4.5 m below the surface (after exclud-
ing the depth of the ADCP and the blanking distance). Vessel speed was
maintained at 5–8 knots to ensure the ADCP data quality. Datawere av-
eragedwith an interval of 90 s.We had a total of 11 repetitions along the
triangle in a 93-hour period. On average, we have only about 1.4 data
points along the triangular transect within each 12 hour semi-diurnal
tidal period. These data points are thus sparse and they are not enough
for resolving the tidal constituents if a conventional Fourier analysis is
applied based on the sampling theorem (e.g. Proakis and Manolakis,
1992).

Weather maps (Fig. 2) from NOAA showed that prior to the survey
on Oct. 2 and Oct. 3, a couple of cold fronts were approaching the
coast from inland moving toward the east–southeast. During this pre-
frontal time, southerly winds dominated, as often the case (e.g. Hsu,
1988; Li, 2013; Li et al., 2011; Roberts et al., 1989; Walker and
Hammack, 2000). Time series data from a nearby NOAA buoy (NOAA

Fig. 1. (a) Study area and the ship track of the observations. The lines that roughly form a triangle are the actual ship tracks. The letters A through F indicate the stations for CTD casts. The
timing of these casts is shown in Table 1. (b) The wind vector during the observations (data obtained from NOAA buoy 41008). T1, T2, and T3 represent transects 1, 2, and 3, respectively.
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