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SWAN+ADCIRC:
‘Tight’ Coupling of Hurricane Waves and Surge
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SWAN : Simulating WAves Nearshore

Governing Equation:
« Conserves action density N = N(¢,x,y,0,0):
ON J

—+ 5[(% +U)N|+ %[(cy + V)N] + %[%N] + %[CO N] - SG

where: 1 is time;
x and y are the geographic directions;
c, and ¢, are the propagation velocities in geographic space;
U and V are the components of the currents;
cy IS the propagation velocity in the direction 6;
c, Is the propagation velocity in the direction o;
and S, , represents source and sink terms.



SWAN : Simulating WAves Nearshore

Solution Algorithm:

« Action density is propagated from updated vertices (2,3) to unknown
vertices (1), via a mapping to a reference element:




SWAN : Simulating WAves Nearshore

Solution Algorithm:
» Propagates action density via Gauss-Seidel sweeping:
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>
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Gauss-Seidel Sweeping of Action Density
If Updated, then Exit Sweep Loop

Sweep Loop

[teration Loop

Time Step Loop

O Update Action Density at Inter-Core Boundaries
If Converged, then Exit Iteration Loop




ADCIRC : ADvanced CIRCulation

Governing Equations:
« Solves the Generalized Wave Continuity Equation (GWCE):
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ADCIRC : ADvanced CIRCulation

Solution Algorithm:
« Utilizes a Continuous Galerkin (CG) finite element discretization.

« Computes water levels and currents in three stages:

A 4

[ Generalized Wave Continuity Equation ]

Build GWCE Matrix System \

Take Dot-Product of GWCE Diagonal Vector for Scalin,
g g
\O Update GWCE Matrix System at Inter-Core Boundaries

s
Use Jacobi Conjugate Gradient (JCG) Method to Solve for Water Levels
O Update Residual Vector at Inter-Core Boundaries

WV Take Dot-Product of Residual Vector
L If Converged, then Exit Iteration Loop

——

QO Update Water Levels at Inter-Core Boundaries /

~

/ Iteration Loop

[ Wetting and Drying ]

Time Step Loop

Wet/Dry the Vertices and Elements Based on Updated Water Levels
O Update Wet/Dry State at Inter-Core Boundaries
V Determine if Wetting/Drying has Occurred on Any Core

[ Depth-Integrated Momentum Equations ]

Solve Explicitly on each Core
O Update Currents and Fluxes at Inter-Core Boundaries




SWAN+ADCIRC

‘Tight’ Coupling:

meshes, communicate locally:

Models share same local sub-
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lke on the LATEX Shelf

Hurricane lke (2008):
« Made landfall near Galveston, TX:




lke on the LATEX Shelf

Texas Mesh:
- Bathymetry and Topography:




lke on the LATEX Shelf

EC2001 Mesh:
- Bathymetry and Topography:
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lke on the LATEX Shelf

EC2001 Mesh:
« Mesh Sizes:
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lke on the LATEX Shelf

2008 /09 /12 /2200Z:
*  Wind Speeds:
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lke on the LATEX Shelf

2008 /09/12/ 2200Z:
« ADCIRC Water Levels:
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lke on the LATEX Shelf

2008 /09/12/2200Z:
« SWAN+ADCIRC Wave Heights:
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lke on the LATEX Shelf

Kennedy Gages

ADCIRC Water Levels
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lke on the LATEX Shelf

Kennedy Gages:

« SWAN+ADCIRC Wave Heights:
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SWAN+DG:
Effect of Circulation Numerics on Nearshore Waves
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DG : Discontinuous Galerkin

Governing Equations:
« Solves primitive continuity equation for water levels:

&—§+i(UH)+i(VH) =0
PoRer E

« Solves momentum equations for currents:

9 7 % b o 0|l pi,
ﬁt(UH)+ax(UH)+§y(UH) fVH —H— [g(g an)+p0
+——1, UH 377 a—z(UH)+a—2(UH)
po bx (I dx2 &yZ
3 ) e OV 2 PV = - i PR
&t(VH)+O7x(VH)+&y(VH) fUH Hay g(¢ an)+po
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.

DG : Discontinuous Galerkin

k]

Solution Algorithm:
» Uses local basis functions that c
- Solution can be discontinuou:

il 3 :



lke on the LATEX Shelf

2008 /09/12/ 2200Z:
« DG Water Levels:
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lke on the LATEX Shelf

2008/09/12/2200Z:
Difference between DG and ADCIRC Water Levels:
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lke on the LATEX Shelf

Kennedy Gages:

« DG Water Levels:

WATER LEVEL (m) WATER LEVEL (m)

WATER LEVEL (m)

AK GAGE R
ab
2F
0
9/10 9/12 9/14 9/16
DATE IN 2008
AK GAGE V
aF
2+
0
9/10 9/12 9/14 9/16
DATE IN 2008
AK GAGE Y

9/10

912 9/14

DATE IN 2008

9/16

WATER LEVEL (m)

WATER LEVEL (m)

WATER LEVEL (m)

AK GAGE S
0
9/10 9/12 9/14 9/16
DATE IN 2008
AK GAGE W
4
0
9/10 9/12 9/14 9/16
DATE IN 2008
AK GAGE Z

9/10 9/12 9/14
DATE IN 2008

9/16

WATER LEVEL (m)

WATER LEVEL (m)

AK GAGE U
2b
0
9/10 912 9/14 9/16
DATE IN 2008
AK GAGE X
H
N .
0
9/10 912 9/14 9/16
DATE IN 2008



lke on the LATEX Shelf

2008/09/12/2200Z:
e DG Currents:
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lke on the LATEX Shelf

2008/09/12/2200Z:
 Difference between DG and ADCIRC Currents:
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lke on the LATEX Shelf

2008 /09/12/2200Z:
« SWAN+DG Wave Heights:
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Kennedy Gages:

lke on the LATEX Shelf

« SWAN+DG Wave Heights:
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lke on the LATEX Shelf

2008 /09 /12 /2200Z:
« Effect of Circulation on SWAN+DG Wave Heights:
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Kennedy Gages:
« Effect of Circulation on SWAN+DG Wave Heights:

| AK GAGE R
£
2
e
et
=
=l
-
<
z
9/10 912 9/14
DATE IN 2008
| AK GAGE V
g
=
e
=
=
o)
-
=
z
9/10 9/12 9/14
DATE IN 2008
| AK GAGE Y
g
=
e
=
==}
e
>
<
z

9/10 912 9/14
DATE IN 2008

9/16

)
Z
g
o
=
=
-
=
=

WAVE HEIGHT (m)

WAVE HEIGHT (m)

4
4

| AK GAGE S

9/12 914
DATE IN 2008

AK GAGE W

9/12 9/14
DATE IN 2008

| AK GAGE Z

9/12 914
DATE IN 2008

9/16

WAVE HEIGHT (m)

WAVE HEIGHT (m)

| AK GAGE U

9/12 9/14 9/16
DATE IN 2008

| AK GAGE X

1 L

9/12 9/14 9/16
DATE IN 2008



The End

Conclusions:
« DG model produces circulation that is very similar to ADCIRC:

» Water levels are nearly identical.

« Currents are more peaked in regions with bathymetric gradients.
« SWAN+DG simulates well the waves and storm surge on the shelf.
« SWAN solution is sensitive to circulation:

« Wave heights increased by 1m.

« Wave periods increased by 4s (but not shown herein).

Future Work:
« Extend SWAN+DG to high-resolution Texas mesh.



