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Develop capabilities to predict
coastal erosion

Williams and Johnston, 1995

Rates of Coastal Erosion Kitty Hawk, NC



Want to use numerical models to
Investigate coastal processes
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Atm-ocn interactions

Wave-driven flows

Morphological Change




COAWST Modeling System

We are developing a Coupled Ocean — Atmosphere — Wave — Sediment Transport
(COAWST ) Modeling System to investigate the impacts of storms on coastal environments.

Mzcé:oT http://www-unix.mcs.anl.gov/mct/
V Z.0.

RO M S http://www.myroms.org/

svn 455

WR F http://www.wrf-model.org/

Modeling System

2 USGS
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http://wrf-model.org/index.php�
https://www.myroms.org/projects/cstm�
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*] Regional Ocean Modeling System

T
Research commu™ -

"  Free surface, hydrostatic ocean model

"  Finite-difference 3D Reynolds-averaged Navier-Stokes equations

®  Horizontal orthogonal curvilinear Arakawa C grid

" Vertical stretched terrain-following Sigma coordinates

= Wide range of advection schemes: (e.g. 3rd-order upstream-biased, 4-order)
"  Wide range of open boundary conditions: (e.g. Radiation, clamped, nudged)

" CF-compliant NetCDF 1/O

" Wide range of vertical mixing schemes (k-epsilon, k-omega, MY2.5, KPP, GLS)

" |ce models
" Biological modules
" Model adjoint for data assimilation

" Fortran 90; Runs on any Unix, Mac,
and Windows

= Parallel code in MPI and OpenMP
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" Nearshore processes
* \Wave-current interactions o R
WEC (Uchiyama, et al 2010) f
Mellor 03, 05, 08, 10, ....
* Reniers roller model

FAIR-WEATHER BEACH

" Grid manipulations
* Composed grids
* Refined grids

2 USGS
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Sediment Model
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Sediment Model Components
* BBL

 Bedload Transport
 Suspended Sediment

» Bed Model

« Multiple Sediment Classes

* Morphology

SUSPENDED SEDIME

Warner, J.C., Sherwood, C.R., Signell, R.P., Harris, C.K., and Arango, H.G. (2008).
Development of a three-dimensional, regional, coupled wave, current, and sediment-
transport model, Computers & Geosciences 34, 1284-1306.


https://www.myroms.org/projects/cstm�

Wave height (m) ~ 2004.02-28 08:00:00

SWAN

Simulating WAves Nearshore
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N = wave action density
(energy density / relative frequency)

CX, ¢y = propagation velocities (x- and y- directions)
o = relative frequency
0 = wave direction

S = source/sink term for:

- wind-wave generation

- wave breaking

- bottom dissipation

- nonlinear wave-wave interactions

SWAN accounts for shoaling, diffraction, partial
transmission, and reflection.

Booij, N., R.C. Ris and L.H. Holthuijsen, 1999, A third-generation wave model for coastal regions, Part I, Model description and validation,
J.Geoph.Research, 104, C4, 7649-7666.

Booij, N., R.C. Ris and L.H. Holthuijsen, 1999, A third-generation wave model for coastal regions, Part 11, Model description and validation,
J.Geoph.Research, 104, C4, 7649-7666.

Booij, N., Haagsma, 1J.G., Holthuijsen, L.H., Kieftenburg, A.T.M.M., Ris, R.C., van der Westhuysen, A.J., and Zijlema, M. (2004).
SWAN Cycle Il version 40.41 User Manual, Delft University of Technology.




Implement concurrent
grid refinement in SWAN

Coarse grid ~5 km  Coarse grid ~ 5 km
Refined grid ~ 1 km

One-way refinement

- Parent grid steps 1 dt
- provides wave energy density to child grid perimeter
ZUSGS - Child grid steps nrefined times



The Weather Research and Forecasting (WRF) Model is a next-generation mesoscale
numerical weather prediction system designed to serve both operational forecasting and
WR F atmospheric research needs. It features multiple dynamical cores, a 3-dimensional
variational (3DVAR) data assimilation system, and a software architecture allowing for
computational parallelism and system extensibility. WRF is suitable for a broad

spectrum of applications across scales ranging from meters to thousands of kilometers.
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WRF modification:
Mellor-Yamada-Janjic surface layer scheme.

- Original
Z, = CzZ0 U* u*/g+ n/u*

&

USGS -Modified to include wave effects based on Taylor and Yelland (2000)
Zo=1200.0 H, e (Hyave/Lyave)*> + 0.11 nfu*

wave
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http://wrf-model.org/index.php�

MCT Model Coupling Toolkit

Mathematics and Computer Science Division Argonne National Laboratory
http://www-unix.mcs.anl.gov/mct/

MCT is an open-source package that provides MPI based communications
between all nodes of a distributed memory modeling component system.
Download and compile as libraries that are linked to.

MCT provides
communications
between all models.

(it also works here)

o USGS Warner, J.C., Perlin, N., and Skyllingstad, E. (2008). Using the Model
s Coupling Toolkit to couple earth system models. Environmental

Modeling and Software



SCRIP - grid interpolation

http://climate.lanl.gov/Software/SCRIP/

Ocean grid
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http://wrf-model.org/index.php�
http://www.usgs.gov/visual-id/specs/slides/slide.html/catalogs/ranges/range080.html�
http://wrf-model.org/index.php�

Application: Hurricane Isabel

09/08/1998, Before

09/21/2003, After
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http://coastal.er.usgs.gov/hurricanes/isabel/site-index.php?storm_id=4&site_id=11

USGS Oblique aerial photography of
the breach caused by Hurricane Isabel.
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%USG Track of Hurricane Isabel making landfall on
the Outer Banks on 18 Sept 2003.
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Model setup

" WRF (Atmosphere)

m 27 vertical levels
" dt36s
" Physics
®"  Lin microphysics
" RRTM longwave, Dudhia shortwave
®=  Mellor-Yamada-Janjic (MYJ) PBL
®  Kain-Fritsch (KF) cumulus scheme
50 /s s
/‘,Ji.".”\‘
i ~ WREF Grid
o - 16513 | m‘ —7 ] o .
=11 | g
Lot 9 Height AGL () 105 g ‘ 4%“%'3

6 km and 3 km grid spacing

Simulation 12 Sept to 21 Sept, 2003.

ROMS (Ocean)
= 16 vertical levels
= dt 240, 48, 9.6
" Physics
®  GLS turbulence closure
COARE bulk fluxes

=  BC's from HYCOM
"  Timestep = 240s

SWAN (Wave)
= BC’'s from WW3
= dt600s
" Physics
=  Komen wave growth

ROMSand = o5
SWAN Grid(s)

“Google

5km and 1km grid spacings
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Here is the visualized domain info from the original Isabel runs:

Vertical Layer Scheme: http://omglnx4.meas.ncsu.edu/joseph/jcw/vert_layers.png
Spatial Domain: http://omglnx4.meas.ncsu.edu/joseph/jcw/isabel_dom.png

Initial/Boundary Condition Files:
The runs were initialized on 12 September 2003 00Z and executed through 21 September 2003 00Z.  Atmospheric conditions were acquired from the NCEP Final Global Tropospheric Analysis (derived from their GFS product), on a 1deg x 1deg grid.  Anything else you could possibly want to know about this dataset can be found here ( http://dss.ucar.edu/datasets/ds083.2/ ).  The SST field for the uncoupled model was initialized on a 0.5deg x 0.5deg grid with data from the RTG_SST ( http://polar.ncep.noaa.gov/sst/ )analysis.  For the uncoupled model the SST conditions were updated from this dataset every 24 hours.  The SST data for the coupled runs were given from ROMS.
Grid spacing: 395 (east-west), 360 (north-south) with a 12km spacing.  27 points in the vertical.

WRF configuration:
WRF v. 2.2
Timestep: 36s
Physics:
Microphysics Scheme: WSM 6-class graupel scheme
Longwave Radiation Scheme: RRTM scheme
Shortwave Radiation Scheme: Dudhia scheme
Radiation scheme called every 12 minutes
Surface Physics: Monin-Obukhov (Janjic Eta) clay scheme, Noah land-surface model utilizing 4 soil layers
Planetary Boundary Layer Physics: Mellor-Yamada-Janjic (MYJ) scheme, called every timestep
Cumulus Parameterization (CP) scheme: Kain-Fritsch (KF) scheme, called every 5 minutes



Interaction tests

WRF

RTG SST daily

WRF + ROMS, ROMS + SWAN

Uwind, Vwind, Patm,
RH, Tair, cloud, rain,
SWrad, LWrad

SST
Uwind,
Vwind ug, Vg, 1, bath
Hsig! Lwave’ Dwave’
Tsurf’ Tbott’Qb’ VVdissip’ Ub

WRF + ROMS

Uwind, Vwind, Patm,
RH, Tair, cloud, rain,
SWrad, LWrad

SST

WRF + ROMS + SWAN

Uwind, Vwind, Patm,
RH, Tair, cloud, rain,
SWrad, LWrad

SST
Uwind, Hsig )
i L
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Hurricane Track and Intensity
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=
Hurricane track and Intensity

Verification

WRF

WRF+ROMS

WRF+ROMS, ROMS+SWAN
WRF+ROMS+SWAN
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Add coastline of all us – get from desktop


=
Atmosphere bottom stress (UST)

WRF+ROMS

-80
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As stress increases, track goes right
As stress decreases, track goes left
Lower left = weakest


Ocean surface stress (su/vstr)

WRF+ROMS

WRF+ROMS, ROMS+SWAN WRF+ROMS+SWAN
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Lower left = strongest


Sea surface temperature (SST)

WREF only, RTG SST 12 hourly




Gulf Stream effects on waves

1¥ Imagen 3.1.2 - hsigdiff_123minus122. avi
File  MNavigate \iew Hep

Hsig run122 Hsigdiff run123minus122
‘llD T . T B , T T T T 7

18-Sep-2003 130000 # i B 18-Sep-2003 13-00:00
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Same Winds

Difference in wave heights:
No currents to SWAN

Yes — No currents to SWAN




Wave heights

Wave height (m)

Predicted and
observed wave
heights.

Wave height (m)

Wave height (m)
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Sediment transport

Bottom stress (Nm _2)

Significant Wave Height (m

r" "'. . ﬂ!"’

Sediment Class
0.17 mm dia
2650 kg/m3
ws = 20 mm/s
E = 1d-4 kg/m2/s
poro = 0.5
tce = 0.15 N/m2




Coastal Forecasting System

Daily Forecast
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Presentation Notes
Carolinas web page, and the Coastal Forecasting System.
Currently we predict wave heights and directions on a 5 km grid for each day. This will soon include ocean currents, water temperature, sea level.
Future efforts will provide higher resolution along coastline, to predict wave runup at selected locations during storms and coastal erosion potential.
Model predictions can be used to provide locations of strongest storm impact for damage assessment, and drive smaller scale models at local universities (next slide).
 



Summary

 Developed a coupled Ocean — Atmosphere - Wave — Sediment Transport Modeling System
 Operates on multiple processor clusters
 Grid remapping and conservative flux interpolation
 Hurricane application demonstrated:
* WRF alone was too strong
 Coupling of waves to ocn increased ocn surf mixing and decreased atm intensity
 Coupling of waves to both ocn and atm increased mixing in the atm and slightly increased
intensity.
» Waves best simulated with coupled model but the atm intensity is slightly low.
» Sediment mobilization requires accurate wave modeling and extended along entire US Coast.

Some issues:
 Time stepping of the different models
« different physics for each model
e synchronization interval
* Grid spacing of different models
 Overlap / extrapolate between models (ie atm grid covers ocn+land)
» Wave also has freq and direction spacings !
» Wet dry limitations for wav + ocn models
* Model physics : wave growth formulations, atm PBL, surface layer physics, ....
* Process in one model will propagate to other models and cause feedback

(need to understand dynamics of the other models!)
L
a USGS
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