Goals
1. Separate 9 years of observed cross-shelf flow profiles
into regimes that isolate wind and wave forcings.
2. Compare observed flow profiles in each regime to a
simple model of cross-shelf flow.
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Figure 1: Map of the South Atlantic Bight (left), and study site (right).
Data sources are shown as stars. Positive along-shelf is y , offshore is x ,
and z is negative with increasing depth.

▶ Coordinate system is projected to along, cross-shelf
o
components with y rotated 23 from North.
▶ Velocity measurements: Acoustic Doppler Current
Profiler (ADCP) at CORMP OB27 in 30m.
▶ Wind & Waves: OB27, NDBC surface buoy.

Covariance of Forcings

Figure 3: Binning structure used to
compare different forcings.

▶ For cross-shelf wave forcing, we use
2
Fw ≡ Hsig sin θw where θw is the wave direction
taken from the A.S axis [5].
▶ Strong wind stress is defined as |τ w | > .04Pa
∼ 5 (m/s) and strong wave forcing as
|Fw | > 1 m2.

Figure 6: Waveforcing (top), and depth averaged flow (bottom) binned
by the strength of cross-shelf (left) and along-shelf (right) wind stress.

▶ Forcings considered are not independent.
▶ Depth averaged cross-shelf flow follows the direction
of along-shelf wind stress.

Seasonal Composition of Forcing Regimes

Figure 2: Wind stress, wave, and depth averaged flow direction
compared with our coordinate system (black arrows) from 2012-2021.
All data was low-pass filtered with a 1/40hr cutoff frequency.
Figure 7: Seasonal occurrence of wind stress regimes.

Model of Cross-Shelf Flow
▶ We use a finite difference scheme to find solutions to a
simplified form of the 2D Navier-Stokes equations
1
∂Av (z) ∂u
0 = − ∇P + f k̂ × u +
.
(1)
ρo
∂z ∂z
Where u(z) = (u, v ), f k̂ × u is the Coriolis effect, ρo is
a constant density, and Av (z) is a vertical eddy
viscosity.
▶ We use a constant Av , and bi-linear cutoff form that
goes Av (z) = .4 τ /ρo z ′ near the boundaries [1, 2].
▶ To capture wind stress through the surface, and a no
slip bottom we apply boundary conditions

Figure 4: Observed cross-shelf velocity profiles in each along-shelf wind stress regime compared to modeled
profiles with two forms of Av . Frame outlines relate to wind stress arrows in fig. 1.

▶ Observed profiles (blue) show a strong response to τ y .
y
▶ Observed profiles are uniformly negative during periods of strong negative τ
(dashed frame).
▶ Predicted profiles with a constant Av (red-dashes) show better agreement in periods
of positive τ y (solid frame).
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▶ Assuming depth averaged geostrophic flow, pressure
gradient terms are
1 ∂p
1 ∂p
−f v = −
, fu =−
.
ρo ∂x
ρo ∂y
▶ We use analytical solutions for the Stokes Drift from
Lounget-Higgens (1953) [3]
2
gkHsig cosh[2k(z + h)]
.
(2)
ust =
8c
sinh 2kh
Where k is the wavenumber, c is the phase speed,h is
the depth, and Hsig is the significant wave height.
▶ Assuming an Eulerian undertow balances the
Lagrangian Stokes Drift, modeled profiles are [4, 5]
um = uτ − ust .

▶ Positive along-shelf wind stresses occur more
often in the Spring and Summer (stratified).
▶ Negative along-shelf wind stresses occur more
often in the Fall and Winter months (unstratified).

Conclusions & Future Work
▶ Cross-shelf flow at OB27 is largely driven by the
along-shelf wind stress.
▶ Long time series allows for data to be separated into
distinct forcing regimes.
▶ A simple model of cross-shelf flow including wind,
waves, pressure gradients, and Earths rotation has fair
agreement with binned observations.
▶ Observations in the surface layer are needed where
velocity shears are likely largest.
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Figure 5: Same as fig. 4 but for the cross-shelf wind stress regimes.
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▶ Observed profiles (blue) show weaker response to τ compared to τ .
x
▶ The model overestimates shear during periods of strong offshore τ (solid frame).
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