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The inﬂuence of wind, river discharge, and outer-shelf variations on the circulation of the Atchafalaya Bay and
the adjoining inner shelf were examined using a 3-dimensional circulation model. Current and water level data
from three stations along a transect oﬀ the Marsh Island were used for model calibration and skill assessment.
Coastal current and its spatial distribution were signiﬁcantly aﬀected by open boundary conditions. Model
sensitivity analysis suggested that the vertical eddy viscosity has a substantial impact on the energy and
momentum transfer across the water column in this shallow bay-shelf environment. It was also shown that
westward to northwestward currents dominated in the study area during the non-summer months and that
would transport westward large volume of sediments discharged from rivers during the spring ﬂood season.
This sediment load is contributing to the progradation of the Chenier Plain along the southwestern Louisiana
coast. A particle tracking Lagrangian model validates the westward migration of suspended sediments
originating from the river mouth area during the spring season.

1. Introduction

River. For instance, strong southward currents associated with
passage of cold fronts during winter/spring season have been
identiﬁed for their signiﬁcant eﬀect on sediment transport inside
and outside of the Atchafalaya Bay (Feng and Li, 2010).
Currents in the Atchafalaya shelf follow the general circulation
pattern of Louisiana coast (Cochrane and Kelley, 1986) and is
inﬂuenced by seasonal wind, tides, river discharge, and outer-shelf
variations induced by the Loop Current Eddies (Oey, 1995;
Allahdadi et al., 2011). However, depending on the location, relative
contribution of each individual forcing on the circulation is diﬀerent
and diﬃcult to diﬀerentiate. A modeling study for the Louisiana
shelf by Oey (1995) concluded that wind forcing accounts for up to
50% of the transport over the inner shelf with river discharge and
outer shelf eddies contributing to the rest. Tide-generated currents
are very weak due to the small tidal range over the Louisiana shelf
(average of 0.4 m) and are of mixed-diurnal in nature (Wright et al.,
1997). The dominant wind eﬀect with varying direction for diﬀerent
seasons results in diﬀerent circulation patterns. Easterly to southeasterly winds during most of the year (September to May) produce
mostly westward (down-coast) currents over the inner-shelf
(Cochrane and Kelly, 1986; Li et al., 1997; Allahdadi et al., 2013).
A simultaneous eastward current produced by anticyclonic Loop
Current eddies along the shelf break can generate a cyclonic gyre

The Atchafalaya Bay, located on the western ﬂank of Louisiana
inner shelf, forms part of the greater Mississippi River drainage
system. The Bay and the adjoining shelf are strongly inﬂuenced by
the sheer volume of fresh water and sediment plume discharged
from rivers, particularly during the spring ﬂood season with
circulation in the shallow shelf mainly driven by the wind
(Allahdadi et al., 2011). About 19–29% of the river water and
30–40% of sediment load from the Mississippi River is diverted
through the Atchafalaya River to the Atchafalaya-Vermillion Bay
and then to the Gulf of Mexico (Mossa and Roberts, 1990; Allison
et al., 2000; Walker and Hammack, 2000). Fresh water and
sediment load are discharged through two main outlets, viz., Wax
Lake outlet and Morgan City channel (Roberts and Sneider, 2000).
For the inner Atchafalaya shelf, water quality is highly aﬀected by
seasonal hydrodynamics and morphology of the shelf, which
modulates the salinity in the shelf and along the shoreline (Cobb
et al., 2008a; Allahdadi et al., 2011). In this context, understanding
the hydrodynamics within the Atchafalaya Bay and the adjoining
inner shelf is essential for studies aiming to determine the fate and
dispersal of fresh water and sediment load from the Atchafalaya
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Atchafalaya River system, which brings high amounts of mud (consolidated and partially settled) that accumulates on the shelf (Sheremet
and Stone, 2003; Jose et al., 2014; Siadatmousavi et al., 2012).

circulation within the broad inner-shelf with a sustained downcoast current (Cochrane and Kelley, 1986). A shift in the wind
direction to southwest during the summer produces a persistent,
albeit weak, eastward current over the inner-shelf. At a shorter time
scale, the frequent passage of cold fronts from late September to
May, generates episodic oﬀshore directed shelf currents (Rego,
2008; Cobb et al., 2008b; Feng and Li, 2010). Based on the analysis
of met-ocean data from diﬀerent bays along the Louisiana coast,
Feng and Li (2010) observed that during the passage of cold fronts,
northerly wind would generate strong southward (oﬀshore directed)
currents that could ﬂush out about 40% of bay waters over a short
period of time. This ﬂushing can substantially modulate sediment
transport characteristics and their depositional pattern over the
Atchafalaya shelf (D'Sa et al., 2011;Tehrani et al., 2013).
Although several studies have already addressed wave dynamics
and its interaction with the muddy bed of the Atchafalaya Bay and
shelf (Siadatmousavi et al., 2012, 2013; Sheremet and Stone, 2003;
Sheremet et al., 2005; Allison et al., 2000), a detailed study of shelf
hydrodynamics and coastal current regime has been lacking. Cobb
et al. (2008a, 2008b) used a northern Gulf of Mexico model to
investigate the eﬀect of cold fronts on salinity distribution and to
some extent the circulation of the Atchafalaya Bay. They reported
that during the pre-frontal phase, westward currents were ampliﬁed
which could contribute to the transport of river sediments to the
Chenier plains. The westward currents could also be modulated by
river plume deﬂection as a result of the Coriolis eﬀect (Kourafalou
et al., 1996). Although that comprehensive study addressed some
aspects of circulation over the inner Atchafalaya shelf, the focus was
on the fate of fresh water discharged from the river. The present
study uses a 3-dimensional hydrodynamic model implemented on a
high-resolution ﬂexible mesh to address the hydrodynamics of the
extended Atchafalaya Bay-shelf system while also assessing the
impact of diﬀerent forcing and their sensitivity on the circulation.
One key aspect of this study is to simulate the dispersal pathways of
freshwater and sediment plumes coming out of the rivers during the
peak ﬂood season and to show how they are inﬂuenced by the
prevailing wind and remote outer-shelf forcing. Outcome of this
study can provide a proper base to evaluate the seasonal contribution of sediment load originating from the Atchafalaya River
towards the buildup of Chenier coastline farther west of the study
area.
Another objective of this study is to statistically quantify the relative
contribution of diﬀerent forcing (local as well as remote) in the shelf
circulation. Although wind has been identiﬁed as the main forcing
in driving the currents in the region (e.g., Allahdadi et al., 2011), the
eﬀect of outer-shelf variations in modulating the current ﬁeld has
not been thoroughly determined. A study of the hydrodynamics of
the narrow eastern Louisiana shelf using outputs from a northern
Gulf of Mexico model nested in a regional Intra-Americas Sea
model (IASNFS; Ko et al., 2003; Ko and Wang, 2014) appropriately
resolved the Loop Current eddies and their interaction with the
currents on the Louisiana Shelf (Chaichitehrani et al., 2014). That
study demonstrated the modulating eﬀect of deep water eddies on
the coastal currents in the vicinity of the Birds-Foot Delta and the
adjoining shelf west of the delta. The present study attempts to
numerically evaluate similar eﬀects for the broad Atchafalaya bay/
shelf region.

3. Model speciﬁcations
3.1. Numerical model
The 3-D hydrodynamics model, Mike3 FLOW MODEL-FM, developed by DHI water and Environment (DHI, 2014) was utilized to
simulate the coastal currents and its spatial/temporal variability in
response to wind, river discharge and tide/outer-shelf variations. The
model solves Reynolds averaged Navier-Stokes and continuity equations based on a ﬁnite volume scheme on a domain composed of
triangular elements on a horizontal plane.
For model discretization along the vertical direction, a ﬁnite
diﬀerence approach using either z or σ coordinate or their combination
is applied. Time varying 2-D wind data can be used for forcing the
model with wind energy transferred through the water column via
shear stress. There are diﬀerent approaches for considering the eﬀect of
bottom friction on the current. Bottom friction parameter as well as the
surface friction coeﬃcient regulate the atmosphere-ocean coupling and
can be ﬁne-tuned for model calibration. A particle tracking tool based
on a Lagrangian approach has been incorporated in Mike Zero module
of the DHI software. This tool is used in this study for further analysis
of simulated currents.
3.2. Model setup
3.2.1. Data
3.2.1.1. Bathymetry data. Compared to the narrow shelf adjoining
the Mississippi Bird-foot delta, the mid Louisiana shelf, especially the
Atchafalaya shelf, is very wide with extensive shallow shoals oﬀ the
Atchafalaya Bay (Fig. 1). Although the study area (Atchafalaya shelf
and bay) encompasses only a smaller part of the Louisiana coast, a
large modeling domain extending from the Mississippi Bird-foot delta
to the western boundary of the Atchafalaya shelf was considered for
simulating the eﬀect of Louisiana coastal currents on the study area as
well as accounting for the complex interaction of the shallow shelf with
the outer continental shelf dynamics. Shelf-wide bathymetry data were
obtained from NGDC (NOAA). Additionally, high resolution
bathymetry survey data collected during 2008 from Tiger and Trinity
Shoal Complex (Roberts et al., 2010) were used to reﬁne the model grid
for the shoal complex. Based on the available bathymetry data, the
average depth within the Atchafalaya Bay is about 2.5 m. Water depth
is 10 m at a distance of 35 km south of the bay entrance, while the 30 m
isobath is located at a distance of ~70 km.

3.2.1.2. NARR (NCEP) wind. - NCEP North American Regional Reanalysis (NARR) wind data were extracted from the NCEP archives and
used for the study. The NARR wind data with ~32 km spatial resolution
has been extensively validated for the Gulf of Mexico (Jose and Stone
2006).

3.2.1.3. NCOM/Navy Hydrodynamic data for boundary forcing. The
forcing from outside of the shallow Atchafalaya model domain could
signiﬁcantly aﬀect the dynamics (e.g., current pattern) of the innershelf, especially along the eastern and southern boundaries. In order to
take into account these far-ﬁeld eﬀects, boundary conditions along the
open boundaries were extracted from archives of a coastal model based
on NCOM (Navy Coastal Ocean Model). NCOM is a 3-D, free surface,
primitive equations ocean model applying the hydrostatic, Boussinesq,
and incompressible approximations (Martin, 2000; Barron et al.,

2. Study area and approach
The focus of the present study is the Atchafalaya Bay and the
adjoining shelf (Fig. 1). Marsh Island, located along the southern fringe
of the bay, is a rapidly eroding low lying barrier island that protects the
northern bay (Vermillion Bay) from the open Gulf of Mexico. The
shallow coastal zone is strongly impacted by the discharge from the
568

Ocean Engineering 129 (2017) 567–580

M.N. Allahdadi et al.

Fig. 1. Study area in the northern Gulf of Mexico showing locations of measurement stations in the Atchafalaya Bay/shelf (dots), transect1 discussed in the text (solid line), and
boundaries of the NCOM model for the northern Gulf of Mexico (dashed rectangle). Contours are shown for 5, 10, 20, 30, 40, and 50 m of water depths over the Louisiana shelf.

Fig. 2. Samples of extracted boundary conditions from the coastal model for u component of current along; a) the western boundary, b) the eastern boundary of the Atchafalaya model.

Global Atmospheric Prediction System) and assimilates the satellite
altimeter data from MCSST.. The nested NCOM coastal model properly
simulated the Loop Current and its shedding oﬀ eddies with
appropriate eﬀect on the Louisiana shelf as indicated by the
successful model application in assessing the particulate suspended
matter and dissolved organic carbon dynamics over the Louisiana Shelf
(D'Sa and Ko, 2008; Chaichitehrani et al., 2014). In this study, vertical
proﬁles of currents were extracted for the western and eastern model

2006). Boundary conditions for the Atchafalaya shelf model were
extracted from the coastal model comprising the Mississippi/
Louisiana shelf and a part of eastern Texas shelf (model boundaries
are shown with dashed rectangle in Fig. 1; D'Sa and Ko, 2008). This
NCOM coastal model was itself nested within a regional NCOM ocean
model, the IASNFS, which encompasses western North Atlantic, the
Caribbean and the Gulf of Mexico and is forced with wind, air pressure,
heat ﬂuxes, and solar radiation from NOGAPS (Navy Operational
569
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Fig. 3. Time series of Atchafalaya River discharge for six months in 2009 at; a) Morgan City station and b) Wax Lake station (Data courtesy, USGS).

boundaries (Fig. 2), while along the southern boundary, time- series of
water level elevation data (including tide) were extracted for forcing the
Atchafalaya model.

3.2.1.4. Atchafalaya River discharge. The study area near the
Atchafalaya Delta is strongly inﬂuenced by fresh water discharge
from the Atchafalaya River. Data on daily water discharge were used
as input for the simulation. Two main discharge points of the
Atchafalaya River are the Morgan City point in the eastern part of
the Bay and the Wax Lake Outlet located in the middle of the Bay (see
Fig. 1). River discharge data is available as daily averages obtained
from USGS at each of these two locations (see Fig. 3).

3.2.1.5. Field data on currents. As the focus of this research is on the
Atchafalaya shelf close to the bay entrance (Fig. 1), hydrodynamic data
from two diﬀerent sources inside the study area were used to examine
the ﬂow characteristics and for model calibration. One source was from
an extensive ﬁeld survey conducted along the Tiger and Trinity Shoal
complex during March/April 2009 (Jose et al., 2014; Siadatmousavi
et al., 2012, 2013). Hydrodynamic data from two stations along a
transect that ran across the Tiger and Trinity Shoal complex (Fig. 1)
were used for this study. The second set of data was from WAVCIS
(WAVE-Current-surge Information System). WAVCIS is a monitoring
system comprising of an array of met-ocean sensors on ﬁxed oﬀshore
platforms located along the central Louisiana coast (Stone et al., 2009;
Zhang, 2003) that provides hourly observations on directional waves,
vertical current proﬁles, tide, wind speed and direction, air pressure,
and sea surface temperature. These hourly data are transmitted via
cellular communication to the WAVCIS Laboratory at Coastal Studies
Institute, Louisiana State University (www.wavcis.lsu.edu). Teledyne
RDI® Acoustic Doppler Current Proﬁlers (ADCP) are used for wave and
current measurements with vertical bin interval of 35–50 cm. Data
used in this study was from station CSI-3 located at the mouth of
Vermillion Bay in shallow depths (~ 4.5 m) and within the study area
(see Fig. 1 for the location).

Fig. 4. Time series of measured a) wind at station CSI-3 and current speed at stations b)
CSI-3, c) Tiger Shoal, and d) Trinity Shoal in March/April 2009 (wind and current speeds
are in m/s).

ﬁrst 10 days of the deployment with corresponding coastal currents
being northward, northwestward, and westward at CSI-3, Tiger, and
Trinity shoal stations, respectively. Cold front events from 29 March
onwards (speciﬁcally on 29 March, 8 April, and 13 April when wind
speed was up to 7–15 m/s) induced southward to southeastward
currents at CSI-3 and Trinity locations (no data was available for
Tiger station at this time) with maximum current speeds of 0.65 and
0.80 m/s, respectively. The currents turned northward after each
frontal passage over the study area.
3.2.2. Computational mesh
A ﬁnite volume numerical scheme is used in Mike3-Flow FM model
to solve the governing equations on a computational mesh which is
made of triangular mesh elements on a horizontal plane. The triangular

Time series of observed wind at CSI-3 and surface currents at three
stations from the shoal complexbetween 18 March and 16 April 2009
(Fig. 4) showed persistent southeasterly winds prevailed during the
570
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Fig. 5. The computational mesh (upper panel) and the zoomed-in view of the Atchafalaya Bay/shelf area.

ﬂexible mesh oﬀered high ﬂexibility in grid generation so that a ﬁne
element mesh could be used when required within the model domain.
As the emphasis was on Tiger and Trinity shoal area as well as the
Atchafalaya Bay and adjacent shelf, a ﬁner mesh was used for the
shallow area with complex bathymetry, but slightly coarser for the shelf
area to the east of Atchafalaya Bay and west of the Mississippi Bird-foot
delta as this area can also have a signiﬁcant eﬀect on the coastal current
pattern in the study area (Fig. 5).

dynamics of the Atchafalaya shelf, sensitivity analysis was conducted to
evaluate the relative importance of boundary forcing ﬁelds on the
circulation dynamics of the region. Other modeling parameters including vertical eddy viscosity, bottom friction coeﬃcient, and wind drag
coeﬃcient were tuned through model calibration using ﬁeld data on
coastal currents and water level.

4. Numerical model implementation

Although wind is considered to be the main current driving force
over the Louisiana shelf, the eﬀect of tide and outer-shelf variations
could be signiﬁcant (Oey, 1995). As such we took boundary forcing
from a high resolution northern Gulf of Mexico model (NCOM, see
Section 3.2.1.c) for the Atchafalaya shelf model. The impact of this
boundary condition on the circulation over the shallow shelf surround-

4.1. Model sensitivity for boundary forcing

The hydrodynamic model simulation was conducted for a one
month period from 18 March to 16 April 2009, corresponding to the
period when ﬁeld data were available for the Tiger and Trinity shoal
complex. Before using the simulation outputs for studying the hydro571
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Fig. 7. Comparison of measured data with simulated u current values at Trinity station
for diﬀerent values of the vertical eddy viscosity.

used as the bed roughness height to compute bottom friction. Wind
drag coeﬃcient was considered 0.00125 for wind speeds smaller than
7 m/s and 0.00250 for wind speeds larger than 25 m/s. For wind
speeds between 7 and 25 m/s a linear variation between two values was
considered. The data from both Trinity shoal and CSI-3 were available
for the entire one month modeling period (from mid-March to midApril), while for the Tiger shoal location, measurements were available
for a shorter period (19–27 March 2009), due to instrument malfunction (Jose et al., 2014). Comparison of measured and simulated u and v
current components from all 3 stations (Figs. 8–10) and simulated
water level data at Trinity shoal station (Fig. 9 lower panel) indicate
good agreement between model and measurements for most of the
cases. An index of agreement (d) proposed by Willmott (1981) was
used for quantiﬁcation of model performance in the simulation of
currents and water level. The index is represented as:

Fig. 6. Impact of boundary forcing on simulated surface currents at Tiger station. Upper
panel: u current component; lower panel: v current component. Simulation case studies
included using NCOM data as the boundary condition (NCOM) and skipping boundary
data (no-NCOM).

ing the Atchafalaya Bay was examined by performing model simulations with and without boundary forcing from the coastal model. This
analysis would assist for further quantifying the eﬀect of current
generating forces over the study area. Simulation results were compared with measured current and water level data within the model
domain. For simulating both u and v current components, enabling
boundary forcing from the coastal model appears to signiﬁcantly
improve the model outputs (Fig. 6; shown for velocity components at
Tiger shoal station) especially during the peaks of the currents.
4.2. Eﬀect of vertical eddy viscosity (Kz)

n

d =1 −
Rate of vertical energy transfer, which is controlled by the vertical
eddy viscosity (Kz) within the water column can substantially aﬀect
velocity magnitudes and even circulation pattern (Csanady, 1972; Park
and Kuo, 1996: Saenko, 2006; Zhang and Steele, 2007). Vertical eddy
viscosity as the main calibration parameter was successfully used for
simulating coastal current characteristics over the Louisiana shelf
(Allahdadi et al., 2011). In order to investigate the impact of vertical
eddy viscosity on simulated currents in the study area, model results
from several simulations using diﬀerent values of the Kz, ranging from
0.0001 to 2 m2/s, were examined. Results showed signiﬁcant diﬀerences between the simulated currents based on the upper and lower
bounds of the considered Kz range. Simulated currents using smaller
Kz (0.004 m2/s) exhibited better agreement with measurements as
indicated by calibration data (Fig. 7).

∑ j =1 [y (j ) − x (j )]2
n

∑ j =1 [| y (j ) − y |+|x (j ) − x |]2

where, x(j) are measured values, y(j) are simulated values, and x̅ and y̅
represent the mean values of measurement and simulation, respectively. Index values vary between 0 for poor agreement and 1 for a
perfect match. Table 1 shows the values of the index for all model
validations shown in Figs. 8–10. For all cases the index value is larger
than 0.6, with the highest d value, indicating the high accuracy of
simulations, obtained for the deeper Trinity shoal location. The lower
index values for simulated currents at the CSI3 and Tiger stations,
compared to Trinity station, could be due to inaccuracies associated
with uncertainty in the bottom frictional coeﬃcient at these two
stations in the simulations.

5. Model outputs
4.3. Model skill assessment
5.1. Current pattern
As part of the model skill assessment, simulated current velocities
were compared with measured current and water level data. Model
parameters were ﬁne-tuned to obtain the best possible agreement.
Sensitivity analysis provided in Sections 4.1 and 4.2 showed that
including coastal model boundary forcing as well as using 0.004 m2/s
for the vertical eddy viscosity provided the best agreement with
measurements. Other calibration procedures including tuning the
bottom friction coeﬃcient and the drag coeﬃcient for the wind forcing
have been performed. Results (not shown) were not as signiﬁcant as
those changes for vertical eddy viscosity.
In the following model simulations a constant value of 0.001m was

The calibrated model was employed to study the circulation
dynamics of the study area, especially for the Tiger and Trinity shoal
complex. Model outputs were evaluated for various wind conditions
(Fig. 11) as the main current-inducing force in the area. Wind events
were selected as discrete events considered within the 1-month
modeling period as mentioned in Section 4. Simulated current and
water level data (Fig. 12a) resulted from southeasterly wind with
sustained speed of 10 m/s (Fig. 11a; extracted from NARR/NOAA
archives for the Louisiana shelf) demonstrate the generation of northwestward currents as strong as 0.4 m/s over southeast of the
572
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Fig. 8. Comparison of measured and simulated currents at Tiger shoal.

Fig. 9. Comparison of measured and simulated currents and water level for Trinity shoal. (water level is in meter).
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Fig. 10. Comparison of measured and simulated currents for CSI-3.

location of the Atchafalaya Bay itself, water level would signiﬁcantly
decrease inside the bay (up to 0.6 m) during the passage of cold fronts
in the winter-spring season. Cold fronts also have a signiﬁcant eﬀect on
generating coastal currents in the bay area and the outer shelf.
Although the northeasterly front (Fig. 11c; with a mean wind speed
of about 7 m/s) and the corresponding current ﬁelds were not that
strong compared to other selected events, currents from inside the bay
to the outer shelf (Fig. 12c) could likely be associated with large scale
transport of river sediments to the shelf area, including the Tiger and
Trinity shoal complex. While the maximum current speed simulated for
the mouth of the Atchafalaya Bay was about 0.25 m/s, for the outer
shelf region it decreased to less than 0.05 m/s. Oﬀshore of the Trinity
shoal, current vectors veered toward northwest presumably as a result
of intrusion of remote forcing propagated from the southern model
boundary condition (notice that in front of the bay, current direction
was southwestward which was consistent with the northeasterly wind
direction, but over the outer shelf currents directed northwestward
which could be due to the eﬀect of boundary forcing). The eﬀect of
remote forcing on currents over the Louisiana shelf has also been
reported by Chaichitehrani et al. (2014). Water level drop associated
with this outer-shelf event was relatively large, showing a decrease of as
much as 0.4 m for the Bay area and the outer shelf. However, for
another cold front with northwesterly wind (speed of almost 13 m/s,
Fig. 11d) intense currents were produced in the bay and the adjoining
shelf area (Fig. 12d). At the peak of wind speed, general current
direction over the shelf area was southeastward, while southward
currents were produced inside the bay. A perceptible clockwise turn
in current direction was evident in the post-frontal phase as well as an
obvious increase in current speed, as indicated by current vectors

Table 1
Willmott indices for different stations.
Station

U-surface

V-surface

U-Mid depth

V-Mid depth

Water level

CSI-3
Tiger Shoal
Trinity Shoal

0.66
0.83
0.92

0.71
0.70
0.83

0.75
0.88
0.94

0.62
0.66
0.83

–
–
0.83

Atchafalaya Bay, while current direction turned west in front of the
Atchafalaya Bay, especially for areas surrounding Tiger and Trinity
shoals. This change could be attributed to the complex bathymetry of
the shoal environment, shallowness of the area, and also from the eﬀect
of fresh water plumes exiting the bay. Water level inside the
Atchafalaya Bay increased by 0.2 m, while at Tiger and Trinity shoal
area, water level set down as low as 0.1 m was observed. Westerly to
northwesterly winds (Fig. 11b) produced eastward to southeastward
ﬂowing currents out of the bay (Fig. 12b). Similar to the southeasterly
wind condition, the currents in the vicinity of the bay were aﬀected by
the local bathymetry and the river plumes discharged from the bay
resulting a change in the current direction from eastward at northwestern section of the bay to southeastward at Tiger and Trinity shoal
complex and the southeastern sector. Incidentally, westerly to northwesterly winds with speed of about 10 m/s produced strong southerly
and southeasterly currents (up to 0.5 m/s) oﬀshore of the Trinity shoal.
Similar persistent migration of river plumes from the Atchafalaya River
towards ship shoal, located ~50 miles southeast of the bay were also
previously reported (Kobashi, 2009).
Due to the peculiar alignment of the shoreline and the speciﬁc

574

Ocean Engineering 129 (2017) 567–580

M.N. Allahdadi et al.

Fig. 11. Selected wind ﬁelds considered for the modeling case studies: a) southeasterly wind on 03/23/2009 at 9:00 AM, b) westerly to northwesterly wind on 03/28/2009 at 9:00 PM,
c) northeasterly wind on 04/15/2009 at 6:00 AM, and d) northwesterly post-frontal phase of a cold front passage on 04/06/2009 at 9:00 AM.

approaching the Tiger and Trinity shoal complex (see Fig. 12d). Water
level decreased over an extensive area inside and outside of the

Atchafalaya Bay, especially inside the bay, showing a drop as large as
0.8 m, and is consistent with an earlier study that reported substantial

Fig. 12. Simulated current vectors (m/s) and water level (m) over the Atchafalaya Bay and the outer area for diﬀerent time periods corresponding to, a) southeasterly wind, b) westerly
to northwesterly wind, c) northeasterly wind, and d) northeasterly wind.
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Fig. 13. (a) Variations of the simulated currents across transect 1 during diﬀerent wind events, a, b) u and v component for southeasterly wind, c, d) u and v component for westerly to
northwesterly wind, e, f) u and v component for northeasterly wind, and g, h) u and v component for northwesterly wind.
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water level drop inside the Louisiana bays during cold front passages
(Feng and Li, 2010).

Table 2
Dominant direction of currents associated with different wind directions over the shelf
south of the Atchafalaya Bay moth.

5.2. Vertical current structure
Vertical coastal current structure and its dynamics during diﬀerent
wind events (Fig. 11) were analyzed by extracting vertical proﬁles of
both east-west (u, positive eastwards) and north-south (v, positive
shoreward) velocity components (Fig. 13) along an oﬀshore transect
extending from Marsh Island southward (Fig. 1). During the southeasterly wind event (Fig. 11a), u current component was signiﬁcantly
larger than the v component with current vectors directed westward
throughout the entire water column (Fig. 13a, b). The u component of
the ﬂow at the surface oﬀ the Marsh island, where water depth was less
than 10 m, was greater than 0.5 m/s; while the near-bottom current
velocity was about 0.4 m/s. Similar strong current pattern near the
shoal bed was reported from Ship Shoal, located oﬀ Atchafalaya Bay,
corresponding to pre-frontal passages (Kobashi et al., 2007). Further
oﬀshore, current velocity decreased due to increasing water depth. For
water depths shallower than 10 m, current velocity was weak and
directed oﬀshore accounting for the eﬀect of wind. From the midsection (depth 10 m) and up to the oﬀshore end of the transect,
currents were strong for the upper part of the water column (0.3 m/s)
and directed shoreward. The contrasting direction of the cross-shore
currents, between nearshore and oﬀshore, demonstrates the eﬀect of
currents produced from the southern boundary inﬂuence, which
included outer shelf variations and tidal forcing. Variations of ucomponent during the westerly-northwesterly wind event (Fig. 11b)
were similar to the southeasterly wind (Fig. 13c, d). Velocity values
were positive (eastward) and the maximum occurred at surface to middepth at a location having a total water depth of ~8 m. Corresponding
v-component revealed oﬀshore-directed currents for the entire water
column along the transect (Fig. 13d). However, spatially varying slopes
of current contours suggest the eﬀect of oﬀshore boundary in addition
to the wind forcing. Intrusion of currents from the southern boundary
was also noticeable within the current structure of both u- and vcomponents during northeasterly winds (Fig. 11c), when wind generated currents were not strong (Fig. 13e, f). Although wind induced
oﬀshore-directed currents dominated the surface layer along the crosssection, boundary forcing induced currents ﬂowed shoreward across
the major part of the water column (Fig. 13f). Direction of u-current
component during a strong northwesterly wind event (Fig. 11d) was
eastward for the entire water column with a maximum value of about
0.5 m/s near surface to a depth of almost 10 m of shelf waters
(Fig. 13g). Oﬀshore-directed current was dominant along the transect
and velocity reached 0.64 m/s at 5 m below the surface, where water
depth was as large as 25 m. The parallel orientation of the velocity
contours suggested that the entire transect was aﬀected by strong wind
associated with the cold front passage. However, for water depth
deeper than 15 m, the lower part of the water column was dominated
by weak shoreward directed currents, presumably produced by the
outer-shelf forcing from the southern boundary condition (Fig. 13h).
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discharge can contribute to a better understanding of the fate of the
mud plumes over the Atchafalaya shelf. Atchafalaya River discharge
reaches the maximum during January-June with a peak that normally
occurs in April (Allison et al., 2000; Roberts et al., 1980). Wind roses of
measured wind data from CSI-3, encompassing the study duration
(Fig. 14) indicate that for most of the time during late winter and
spring (February, March, April, and May), wind blows from east to
southeast, with high frequency of occurrence from southeast during the
peak of discharge in April. It suggests that during this time, mud plume
is strictly conﬁned to the mouth of the Atchafalaya Bay and the
coastline west of the bay (Murray, 1998). This observation is also
consistent with the conclusion of Allison et al. (2000) about the
existence of a ﬂood induced mud deposit over the inner Atchafalaya
shelf during the periods of high river discharge. They pointed out that
the ﬂood regime of the river, especially during March and April
coincides with a signiﬁcant decline in frequency and intensity of cold
front passages. Available data on seabed transformation over the
Atchafalaya shelf and modeling results from mud sediment transport
reported from this coast also support this conclusion (Neill and Allison,
2005; Siadatmousavi et al., 2012; Jose et al., 2014). Seasonal ﬁeld
observation from the Tiger and Trinity Shoal complex (which is located
farther south and beyond the inﬂuence of the established westward
directed Atchafalaya mud plumes) suggested that accumulation of ﬁne
grained sediments at the shoal complex was minimal during the peak of
the spring ﬂood season (Jose et al., 2014). Instead, they reported a
thick deposit of ﬁne grained sediments, particularly from the Tiger
shoal during December 2008, which was more likely transported by the
southward currents induced by the frequent cold fronts during the
winter time. The sustained westward transport of sediments during the
peak ﬂood season could also have contributed to the phenomenal
growth of Chenier Plain west of the Atchafalaya Bay, with large scale
accumulation of sediments originating from the Bay as mentioned by
Huh et al. (2001) and Draut et al. (2005).

6.2. Lagrangian Tracking of coastal currents
To further study the eﬀect of currents on the fate of suspended
sediment load, especially the mud plumes originating inside and
outside of the Atchafalaya Bay, model outputs were used to drive a
Lagrangian particle tracking model. Under the eﬀects of wind, river
discharge, and outer-shelf variation, particle tracking simulation was
performed on particles hypothetically released inside the bay and in the
outer shelf (Fig. 15a; Lagrangian particle tracks shown as white lines).
Inside the Bay, location of particle release was selected close to two
outlets of the Atchafalaya River at Morgan City channel and Wax Lake
Outlet. It can be seen that both particles moved towards the mouth of
the bay and then were continuously transported westward to northwestward, almost parallel to the shoreline. The particles released
outside of the bay, exhibited a continuous westward movement. Over
the mid-shelf, the particle followed a northwestward track for ~50 km
as a result of westward currents produced by southeasterly to southerly
winds and then turned back and travelled ~100 km toward southeast.
This eastward movement was produced by the frequent spreading of
northerly winds during the post-frontal phase of the passing cold fronts
combined with outer-shelf/tidal forcing from the southern boundary,
as discussed in the previous section. The eﬀect of southern boundary

6. Discussion
6.1. Eﬀect of currents on the Atchafalaya River plume
Fresh waters and ﬁne sediments discharged from the Atchafalaya
River into the Bay area can be transported to the shelf and further
dispersed oﬀshore under the inﬂuence of seasonally reversing coastal
currents. The spatial variation of currents over the shelf south of the
Atchafalaya Bay and corresponding wind directions, as obtained from
numerical modeling, were presented in Section 5.1. The dominant
current directions for each wind event are summarized in Table 2.
Circulation model outputs along with reliable data on the predominant wind direction during the peak of the Atchafalaya River
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Fig. 14. Wind roses for January to June 2009 obtained from measured wind at CSI-3. Values in the circles represent the percentage of calm corresponding to wind speeds smaller than
2 m/s, Data courtesy WAVCIS/LSU.

on along-shelf transport was more pronounced, when the movement
was tracked for a particle released at the outer shelf. For this location,
the westward ﬂow was negligible and the particle was almost continuously moved eastwards due to the dominance of outer-shelf eastward ﬂow along the southern boundary. Flow tracking was also
implemented for a modeling case considering only river discharge as
the forcing. As for this case, shelf currents were negligible, and only
particles released inside and in front of the Atchafalaya Bay were
considered to examine the eﬀect of river discharge on transport of
suspended particles. All ﬂow paths were limited to the mouth of the
Bay (Fig. 15b). The river induced ﬂow veered westward as a result of
the Coriolis Eﬀect (Kourafalou et al., 1996) and reached the Tiger and
Trinity shoals at the end of the path and after that the ﬂow was
dissipated.
6.3. Current induced forcing: the eﬀect of tides and outer-shelf
variations
Allahdadi et al. (2013) showed a general agreement between the
strength of prevailing wind and the coastal currents along the central
Louisiana continental shelf and concluded that a substantial decline of
wind stress during the summer is followed by weakening of currents.
These results, however, do not include shallow coastal areas, particularly the Tiger and Trinity shoal complex. Over the shoaling complex
and the adjoining shelf, moderate wind energy distributed across a
shallower water column can produce strong currents. Therefore, it is
imperative to examine the eﬀect of other current generation forces
including the combination of tide and outer-shelf phenomena on the
circulation of the study area in addition to wind.

Fig. 15. Output from particle tracking using a Lagrangian modeling tool. a) Main
simulation case that included all forcing, and b) simulation that included river discharge
and excluding wind and outer-shelf boundary forcing.
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Simulation results presented in section 5–2 demonstrate substantial eﬀect of wind on currents over the inner Atchafalaya shelf. In order
to quantify this contribution, simulated currents from two diﬀerent
scenarios, and from diﬀerent locations including Tiger shoal, Trinity
shoal, and CSI-3 were compared. The scenarios include simulation with
only wind forcing and simulation by inclusion of both wind and
boundary forcing from coastal model. As illustrated in Section 4.3,
simulations including both wind and boundary forcing resulted in
much better agreement with measured data. The correlation of
measured and simulated u and v current components for diﬀerent
stations show similar trends. For all stations, over 92% of the current
variance (based on the correlation coeﬃcient of the matchup comparison) for the u component could be explained by wind alone. For vcomponent, this contribution is smaller (between 82–86%) which is
consistent with the sensitivity results provided in Section 4.1. The
eﬀects of outer-shelf phenomena and the tides are more pronounced in
this direction and the variance in v-component is dominated by these
forcings.
7. Summary and conclusion
Circulation dynamics of the Atchafalaya Bay and the inner
Atchafalaya shelf under diﬀerent wind conditions, outer-shelf variations/tide, and river discharge were studied using a well calibrated and
skilled assessed 3-D circulation model. Simulated currents over the
inner Atchafalaya shelf were sensitive to the outer-shelf boundary
conditions, which includes forcing from both the impinging eddies
shed from the Loop Current and the tides. Furthermore, the rate of
wind energy transfer from the sea surface across the water column
controlled by the vertical eddy viscosity parameter signiﬁcantly aﬀected
simulated currents. Hence, the best matchup comparisons with measurements were obtained by including boundary forcing and the tuning
of the vertical eddy viscosity. Shelf circulation oﬀ the Atchafalaya Bay
was examined for diﬀerent wind directions. The westward to northwestward currents produced by the predominantly southerly to northeasterly winds during the months of peak river discharge can profoundly inﬂuence the transport of river sediments to the Chenier plains
located west of the Atchafalaya Bay. The westward transport of the
river plume is not limited to the aforementioned wind conditions.
Model results showed that, in the case of weakening of the wind, the
plume will be deﬂected westward under the eﬀect of the Coriolis force.
The study was focused on the circulation and the coastal current
variability under the inﬂuence of wind and outer-shelf forcing.
However, the skill-assessed hydrodynamics model can be further used
for quantifying transport and diﬀusion of mud plumes along the coastal
Louisiana. The phenomenal growth of Chenier Plain west of the study
area can be further investigated using this numerical model.
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