Modern Tools - Models

Jim Kirby

The Past and Future of Nearshore Processes Research:

ctions on the Sallenger Years and a New Visi
for the Future




My relation to Abby? No professional overlap, but ...

Goldsmith, V., Byrne, R. J., Sallenger, A. H., and Drucker, D. M., 1975, The influence of waves on the
origin and development of the offset coastal inlets of the southern Delmarva Peninsula, Virginia, in L. E.
Cronin (Ed.), Estuarine Research: Academic Press, NY, no. 2, p. 183-200.
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Figure B34.- Wave rays computed with following input conditions:
AZ = 112.5°; T = 14 sec; Tide = 0.




Then ...

'

PDP 11

y




High resolution modeling of wave breaking

Approaches?

Conventional (finite volume, finite difference, ...)
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High resolution modeling of wave breaking

Approaches? LES, multiphase continuum model (lower resolution)

Derakhti and Kirby, 2013



Mixture Theory Simulations

Validation with laboratory measurements:
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At the other end of the spectrum - continuing insight from simple process-based models
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Guiding paradigm for modeling? Wave-averaged mean flow + wave forcing

Longuet-Higgins and Stewart in early 60’s: Radiation stress
Craik, Leibovich in mid 70’s: vortex-force formalism
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Model (further elaborated) provides good reproduction of mean longshore

currents in longshore uniform conditions, start to break down in more markedly
2D conditions
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Growing maturity of ocean modeling (nearshore or otherwise)

Reprinted from the
Proceedings of the Symposium on

1 975: Modeling Techniques
ASCE/San Francisco, Culif./September 3-5, 1975 S0

NEARSHORE WATER CIRCULATION INDUCED BY WIND AND WAVES — o —
William A. Birkemeierl and

Robert A. Dalry'mple2 —_— : /’-—- T
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Figure 8 Velocity Vectors Over Periodic Beach After 540 sec. of Wave Action.
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Figure 7 Surf Zone Velocity Vectors over Trough Showing the Effect of
Wave-Current Interaction




Now: Coupled, multiphysics systems:
COAWST Modeling System

COAWST

Coupled Ocean — Atmosphere — Wave — Sediment Transport
Modeling System to investigate the impacts of storms on coastal environments.

http:/f/www-unix.mcs.anl.gov/met/

http://www.myroms.org/

Modeling System
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Three dimensional effects .
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y [meters]

Bathymetric inversions using data assimilation: rivers, beaches, inlets

Estimate from data

Initialization: assimilation:
RMSE = 75 cm RMSE = 44 cm Measured (target),
R2=0.93 R2 = 0.98 Sep 15 2010
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Models adaptable to complex environments, generally reproduce measured results
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Improving capabilities in sediment transport and morphology applications
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Limitations of wave-averaged formulations?

(in either the forcing or the dynamics of the wave-averaged flow field)

(1) Underprediction of complexity in wave driven flow fields
Lack of complexity in structure of the wave-averaged forcing
(groupiness, spatial structure.)

Additional input from the instantaneous wave structure
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Where is the added complexity coming from?

Clark et al, 2012

a bore of finite length with a material circuit cutting it.



Dependence on crest geometry for forcing automatically favors wave-resolving
models
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Resolution of swash mechanics at individual wave scales

Tsunami = mega-swash?
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Limitations of wave-averaged formulations?

(in either the forcing or the dynamics of the wave-averaged flow field)

(2) Limitations of hydrostatic approximations
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Modeling Issues? Resolution in space.

(1) Adjust model resolution to emphasize areas with rapid variations

:Automatic Mesh Refinement - AMR)
5 Modeling work by David George, using GeoClaw
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Modeling Issues? Resolution in space.
(2) Resolve subgrid features at high resolution, somewhat reduced physics.
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Modeling Issues? Resolution in time

Morphology acceleration and strategies for achieving it
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Example: Morphology of a tidal basin in response to external overtide dominance
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Modeling Issues? Resolution of physics and other model elements

Problem: Explosion of complexity in extensions to Boussinesq models to cover a
wider range of depths, physics

Example: O(kh”4) model of Gobbi and Kirby (1999)
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These extensions can be carried out to as high an order as desired, but, clearly,
programming and basic understanding of the model can become an issue.

Alternate: 3D Nonhydrostatic models (SWASH, NHWAVE)
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Model extensions to additional physical applications
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The eventual link between high resolution sediment
transport modeling and its use in improving
parameterization of unresolved scales in nearshore and
ocean models.




