The Importance of Vertical Structure
to Open-Coast Surges and its
Incorporation into Depth Averaged Models
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Investigation

What is the source of error in these depth integrated models?

: Topography/ Averaging
MWIRGISERESS Bathymetry Velocities

Well
Well Reasonable
Understood/
Resolved Source...
Captured

Vertical Bottom
Structure Friction

Not Vector in
Captured in Opposite
2DDI Direction!
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Theory - Advection (as it Affects Forerunners)

Top of water column,
3 — 7% wind speed

20 m/s winds

/

5 to 10 meters

2DDI VMoadels
CANNOIF Capture
Forerunner landfall

(3 — 7% wind speed)h,
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V =

100-1000s of meters
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Theory - Bottom Friction




Observations Mean vertical profile of Cross-shore Current
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Objectives

e Investigate the potential impact the vertical structure has on currents and
surges in idealized coastal areas

e Capture the physics of the multilayer vertical structure using elementary
numerical model
e Build database of high resolution solutions

e Develop a method for embedding this structure in existing 2DDI models...
Digital Stochastic Model
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Fundamental Assumptions

 Momentum balance equation -> steady state

Twind,Twave Tbhottom

gh

= surface slope

e Parametrization of turbulence -> K-Scaling

e Reynolds-averaged Naiver-Stokes equation -> U,
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Numerical Approach

e After the addition of both wind stresses and bottom friction
equations were derived;

+1 — dh ,gngU%
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Numerical Approach (with setup)

e After the addition of both wind stresses and bottom friction
equations were derived;

CpU

' Pac .y 4 (22
o yntl = pyn 4 _fV"—g%+(pW ’ o COSH) ]dt

Pac U2 (aMO) T
o Ptl —pn 4 —fU”—g +( i = sinH) CbV dt

where dfdo

ot 9xC
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Open Coast Current Investigation

2D and 3D runs for a 30-3 meter transects;

e Seven half-plane coordinate wind angles
(-90,-45,-22.5,0,22.5,45,90)

e with four wind speeds
(5 m/s, 10 m/s, 20 m/s, 40 m/s)

e at five bottom slopes
(1/10,1/100,1/500,1/1000,1/10000)
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Open Coast Current Investigation

Velocity Profile @ Depth: 30m & Direction: 90deg
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Difference in ETA (m) Slope: 0.0001
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with wave setup: Difference in ETA (m) Slope: 0.0001
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Scaling and Observations e Py _uy

w
In these strong storm events

Distribution of U-Velocity
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Evolution Towards Fully Time-Dependent Model

* Introduce stochastic dependence
e Arbitrary initial state to future state
e Transients are modeled using the full equation

e Mapped into multi-dimensional reference system

(Digital Stochastic Model)
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Discretized Modeling of Transients

Vertical

Current
EOF
decomposition
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Stochastic Development Investigation
350 Runs @ 20 meters of depth & 350 Runs @ 3 meters of depth;

(-90,-45,-22.5,0,22.5,45,90)

e Ten wind speeds

(5 m/s, 10 m/s, 15 m/s, 20 m/s, 25 m/s,
30 m/s, 35 m/s, 40 m/s, 45 m/s, 50m/s)

e Five bottom slopes
(1/10,1/100,1/500,1/1000,1/10000)
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Self Similarity

Velocity Profile (@ Depth: Sm & Direction: -90deg
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EOF ANALYSIS

e Represent up to 100% Structure with 1 - 2 functions

Eigen Functions for Idealized Cases
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Transition Matrices
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Conclusion

e Two layers are needed to capture open-coast vertical
structure

* Our numerical model captures this structure

* Digital Stochastic Model developed to be integrated into
existing 2DDI storm surge models

e What’'s Next?

e Utilization (can be added to any existing models, with less
.. computation overhead)
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Any Questions?

Thank you.
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