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Motivation - Global Warming

Clausius-Clapeyron relation: With every 1 degree Celsius Intensity of rainfall is expected to increase as the climate
(1.8 F) increase in temperature, there can be about 7%

) . ) warms
more moisture in the air.
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Motivation — Current ESS

»250 m resolution ESTOFS model m*“
o

»Sub-optimal grids: linear variation of
resolution

»Highly simplified river network

»Poor definitions of inland
waterbodies: source of instabilities
and inaccuracy
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Objective

Develop methodologies/tools to create models that efficiently and
accurately resolve the hydrodynamics of both, ocean basins and
riverine systems.

L N A Resolve the complexity of the nearshore region
| North Atlantic Basin gy

Increase the heterogeneity of the systems to
resolve

Efficient distribution of resolution for operational
purposes

Study case: East and Gulf of Mexico Coast of the
US

Key to incorporate additional physical forcing in
future research




Mesh implementation

[ Basin-to-channel East and Gulf of Mexico Coasts of the US }

» Two regional models: 30 and 120 m minimum
resolution

» Model solve the deep ocean (North Atlantic)
and intercoastal complex features, including
inland river network

» Model 120 m is a good balance between
accuracy and efficiency

» Model 30 m for design studies

Model Model
30m 120 m
Min. Res 30m 120m
Max. Res | 24 Km 24 Km
Nodes 21.5M 6.0 M
Elements | 43.0 M 11.8 M




Mesh validation - Tides

Tidal analysis for amplitude and phase of 8 major constituents

Comparison of results against ~800 tidal gauges

[ Comparison with TPXO and ESTOFS ]
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Bonus: NOAA Operational Global Model

8 M nodes mesh, 6 sec timestep
Forecast 4 times a day for 7 days
Parallel system at ND for a prototype of v3.0

Colleting global statistics

[ Global shell + HR inserts: }

https://gm-ling.github.io/GESTOFS-develop/

https /lcera. coastalrlsk live/

Time
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Key N°1: Wet/dry separation

Aligning nodes along the ocean/floodplain interface allows for
representing the smallest scale features in the model.
Clear hydraulic connectivity of small channels
Incorporation of barrier islands and small islands
Provides more stability

[ Ocean ][ Floodplain ] [ Combined




Key N°2: Resolution distribution

Parametrization of nodal distribution based on topo-bathymetric

Meet computational cost constraint for operational systems

features and their geometry

Balance between accuracy and efficiency
Prioritization of the complex nearshore region
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Key N°2: Resolution distribution

[High-dissipation areas — Gulf of Maine }
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[Bathymetric gradients }

» Continental shelf break, submarine ridges, and rough
bathymetry

» Change on wave celerity due to quick change of water
depth

» Mechanism of internal tides generation



Key N°2: Resolution distribution

[ Complex channel network }
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> Estimation of medial axis and feature width

> Nodal distribution based on shoreline complexity

> Prioritization of channels, islands, and shoreline
geometry

» Increment of element size offshore

> Crucial for efficiency on distribution of resolution



Key N°2: Resolution distribution

Natural deep and dredged channels }

> Deep narrow channels that require higher definition to properly capture the water depth
> Crucial to preserve the conveyance

» Dredged channels based on USACE database, and natural channels derived from DEMs
» Adjustment of resolution and bathymetry




Key N°2B: Man-made structures

[ Jetty systems } - R . —

constituent | ret erriwl: -0 -20 -5 0 +5 +20 +40

<

> Creation of a dataset with 116 jetties

> Adjust shoreline and local element size function so
they can be included in the minimum resolution of the
model

» Only implemented for resolutions ~tens of meters.
» Open land boundary conditions

()]



Key N°2B: Man-made structures

Levees

USACE dataset for federal levees

Snap the centerlines to the wet/dry interface based on
the minimum resolution of the model

Constraint levees nodes during the floodplain generationé
Weir boundary condition

Adjustment of bathymetry to ensure clean wet/dry
interface

— Levees ibtype = 24 5%
— Levees end ibtype =20 |
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[ Historical storms - Gustav 2008 }

Max. Water Elevation [m]
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Relative Error HWM [%]
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Key N°3: Correct bathymetry

[Topo-bathymetric databases } [Bathymetric errors }

USGS Gulf of Maine 3 arc-sec
] NOAA local DEMs 10 m

Bl et som

- USGS CoNED 1 m

[ USACE JABTEX 3m

[__] NOAA NCEI- CUDEM 1/9 arcsec
[ NOAA NCEI 1/3 arcsec

[[] Hand-edited South FL
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Conclusions - future work

« Key for developing efficient channel-to-basin scale hydrodynamics
models:
» Clear wet/dry interface
 High-resolution only where it is needed
« Clear conveyance of river network
 Addition of hydrodynamically relevant man-made structures

 Future work:
* Incorporate riverine flow inputs from NWM
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