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Physical processes & modeling
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Hope et al. Hurricane Sandy (2012) Wind, Waves and Storm Surge in the New York Bight. I: Model Validation
Hope et al. Hurricane S@ndy (2012) Wind, Waves and Storm Surge in the New York Bight. II: Analysis of Storm Surge Processes


ftp://ladsftp.nascom.nasa.gov/allData/5/MOD021KM/2012/299/
https://www.wired.com/story/what-weve-learned-about-climate-change-since-hurricane-sandy/

Used in simulations of surface tides

Celestial bodies (moon and sun) generate periodic variations in water levels called the tides due to gravitation.

O Semi-diurnal driven primarily from moon.

O Diurnal driven by declination of moon w.r.t. to Earth’s equatorial horizon.
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Governing Equations: “Shallow”-water equations
Key assumptions

Vertical scales << horizontal scales, “long waves” oo L. man soa ovo)
Hydrostatic pressure D TN

Primitive continuity equation

o
FV-(uH)=0 on © -
ot

Depth-averaged momentum equations

ou
—+@-Vu+gu+fkxu+gVi—vVu=fon &

ot
water surface elevation

H={+h, total water column depth where #,s the depth below the geoid.

E depth averaged velocity
£ external body forces (e.g., winds)

N\

bottom friction term, Coriolis parameter, gravitational
Tpps k> 8V constant, kinematic viscosity

Qcomputational domain



Manual mesh generation
1. Trace shoreline boundaries from imagery.

2. Specify resolution zones by hand.
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Figure 1. Graphical information for creating a nodestring on the ocean boundary

Zundel 2008, Surface-Water Modelling System (SMS) V8
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Manual coastal ocean model generation with
SMS...

7 years of work, 6 researchers! What took so long?

Mesh sizes around Hong Kong, China
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Pringle et al. (2018). Finite-Element barotropic model for the Indian and Western Pacific Oceans: Tidal model-data
comparisons and sensitivities. Ocean Modeling. Volume 129, September 2018, Pages 13-38



Irregular shoreline boundary

Shoreline is irregular and often contains features that are sub-grid scale at typical
minimum resolution sizes used (25-100-m).

A simplification of boundary is required (often considered a pre-processing step).

Section of shoreline along northern Gulf Of Mexico
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What is an efficient distribution of elemental resolution?

Vertex densities on the shelf are zoned according to the wavelength-to-gridscale mesh sizing heuristic.
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Automatic mesh generation: OceanMesh2D

An object orientated approach for coastal mesh development.

veodata: process geospatial data

|,./ h The whole process can be scripted

\ Y, and thus approximately reproducible

edgefx: build mesh size function

|

meshgen: generate mesh
based on mesh boundaries
and mesh size function

|

msh: store and 1isu-

alize mesh topology

Software: hitps://github.com/CHLNDDEV/OceanMesh2D/tree/Projection

User-guide: Roberts, K. J., Pringle, W. J, 2018. OceanMesh2D: User guide - Precise distance-based two-dimensional
automated mesh generation toolbox intended for coastal ocean/shallow water. https://doi.org/10.13140/RG.2.2.21840.61446/

Paper: Roberts, K. J., et. al. 2019. OceanMesh2D 1.0: MATLAB-based software for two-dimensional unstructured mesh
generation in coastal ocean modeling, in press to Geosci. Model Dev., https://doi.org/10.5194/gmd-2018-203
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https://github.com/CHLNDDEV/OceanMesh2D/tree/Projection

(Geoqata: shoreline Is represented with signed-distance

functions -

‘ edgefx: build mesh size function ‘

Simplification of shoreline is not necessary beforehand .
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Geodata

Domains just have to be a polygon bbox = [ -73.9705 40.6032

bbox =[-73.97 -73.75 % lon_min lon_max
40.5 40.68]; % lat_min lat_max
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Edgefx:. Mesh sizes are controlled via sizing functions

h(x . y, Z) —> h h Combinations of mesh size functions are createds
h = min|(h; ,Othg,,), hg,, he|Withg < G
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Edgefx

Sizing fields can be built directly on DEM grids (and many at the same time)

T R
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Data Download:
Select region on map = Salistiry

Access All Data
Access Metadata

https://www.ngdc.noaa.gov/mgg/inundation/sandy/sandy geoc.html



https://www.ngdc.noaa.gov/mgg/inundation/sandy/sandy_geoc.html

Multiscale meshing

Sizing fields can be nested with varying options to produce meshes with great element

STEP 1: set mesh extents and set parameters for mesh

The greater US East Coast and Gulf of Mexico region

bbox = [-71.6 42.7; -64 30; -80 24; -85 38; -71.6 42.7]; %Xpolygon boubox

min_el = 1e3; X minimum resolution in meters. e

max_el = S50e3; X maximum resolution in meters

wl = 30, % 60 elements resolve M2 wavelength.

dt = 0, % Automatically set timestep based on nearshore res o

grade = 0.35; % mesh grade in decimal percent.

R = 3; X Number of elements to resolve featur 40°N|
48.00

STEP 2: specify geographical datasets and process the geographical data
XX to be used later with other OceanMesh classes... |

dem = "SRTM1S+V2.nc";

coastline = "GSHMMS_f_L1°;

gdatl = geodata('shp’',coastline, 'dem’' ,dem,"h0" min_el,...
‘bbox’ ,bbox);

STEP 3: create an edge function class
fhl = edgefx('geodata’, gdatl,...
"fs',R,'wl’ ,wl, "max_el' ,max_el,...

‘dt',dt,'g’,grade);

Repeat STEPS 1-3 for a high resolution domain for High Res New York Part
min_el = 30; ¥ minimum resolution in meters
max_el = le3; X maximum resolution in meters

max_el ns = 248; % maximum resolution nearshore.

coastline = 'PostSandyNCEI";

dem 'PostSandyNCEI.nc';

bbox2 = [-74.25 48.5; -73.75 48.55; -73.75 41; -74 41; -74.25 48.5);
gdat2 = geodata('shp',coastline, 'dem’',dem, " h8" ,min_el, 'bbox" ,bbox2);

fh2 = edgefx('geodata’,gdat2,'fs',R,'wl’,wl,...
‘max_el',max_el, 'max_el_ns',max_el_ns,...
‘dt',dt,'g’,grade);
A% STEP 4: Pass your edgefx class object along with s
A% and build the mesh...
mshopts = meshgen('ef',{fhl fh2}, 'bou’',{gdatl gdat2},...
‘plot_on’,1,"'proj’', 'lam’);

cize variation.

SRTM15+V2

PostSandvNCEI DEM extents 200N

10°N



Multiscale meshing

Desktop Window

Help

Insert Tools
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Estimating shoreline width (feature size)

Planar view of river\  width d,—d,)

py—p:||1Vd|| <09d < -0.5L, . hy, = . g = 2 -
nearest distance to médial points

— sighed nearest distance to shoreline points
= number of elements per width**

Grid points for mesh 'gize

function
py = medial points
L., = minimum element size
Medial axis W = width of shoreline

Improved upon work by:

Koko, Jonas, 2015. "A Matlab mesh generator for the two-
dimensional finite element method," Applied Mathematics
and Computation, Elsevier, vol. 250(C), pages 650-664.

Recovery of “lost” medial points.

Removal of spurious medial points.

Improved efficiency of signed distance calculation.
Scale-aware feature size

o=



https://ideas.repec.org/a/eee/apmaco/v250y2015icp650-664.html
https://ideas.repec.org/a/eee/apmaco/v250y2015icp650-664.html
https://ideas.repec.org/a/eee/apmaco/v250y2015icp650-664.html
https://ideas.repec.org/s/eee/apmaco.html
https://ideas.repec.org/s/eee/apmaco.html
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Mesh size gradation

Size transitions are bounded above by a limit g.

Implemented a method to gradient limit mesh size functions based on the work of:

P.-O. Persson, 2006. Mesh size functions for implicit geometries and PDE-based gradient
limiting. Engineering with Computers.

Solve the following on a Cartesian grid . Total EdgeLength Function  _-10°

oh
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ot oh
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Topographic-lengthscale

o b How do you filter b? L, = ved
x | VD] f

No filter Rosshy factor w/ Gaussian filter Rossby factor w/ V
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Meshgen: generation via modified DistMesh2D algorithm

e P.-O. Persson, G. Strang, A Simple Mesh Generator in MATLAB.

SIAM Review, Volume 46 (2), pp. 329-345, June 2004 (PDF)

pO)=py Delaunay triangulation * F(p)=0
Move points based on F
L , | o p =[xyl

1-2: Distribute points J: Triangulate 4-7: Force equilibrium F(m) = [F (0)F(p)

PR Sl . w® =~ - e ’,K:-ﬁ\’a.pf\n\,\trip“ p) = L&, (p)r,(p
7 ': " W . _.= . KL ,Eimw& d D
cL e %8  —=F@p),t>0
! " \’.\ ';3""_; dt‘

.." '. ; pn+1 = Pn + AIF(pn)
<r _ 4 **Points that exit are
L bl ! reprojected back into
n&';"” TR meshing domain

Revation = 77
teration = 1

O(minutes)

»
»
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http://persson.berkeley.edu/distmesh/persson04mesh.pdf

Meshgen

User passes the edgefx and geodata class instances

%% STEP 4: Pass your edgefx class object along with some meshing options and
% build the mesh...

mshopts = meshgen('ef',fh, 'bou',gdat, ‘'plot _on',1, 'proj', " 'lambert’');

% now build the mesh with your options and the edge function.

mshopts = mshopts.build;

%% STEP 5: Plot it and write a triangulation fort.14 compliant file to disk.
m = mshopts.grd;



Boundary simplification

te element methods.
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Mesh improvement/boundary simplification

>> help m.clean
——— help for msh/clean —-

[obj,qual] = clean(obj,varargin)

obj — msh object

varargin - optional base cleaning type followed by optional
name—value pairs as listed bhelow:

base cleaning types: 'medium' (or 'default'), 'passive', 'aggressive'

optional name-value pairs

‘db' = boundary element cutoff quality (@ - 1)

'ds' - perform direct smoother? (@ or 1)

‘con' - upper bound on connectivity (6-19)

'djc' - dj_cutoff (@ - 1 [area portion] or > 1 [km"2])

'sc_maxit' - max iterations for deletion of singly connected
elements ( >= @, if set to @ operation not performed)

'mga’ - allowable minimum element quality (@ - 1); setting
this too value high may prevent convergence _

'nscreen' - print info to screen? (default = 1) (a) #»

'pfix' - fixed points to keep (default empty)
'proj' -to project or not (default = 1)

>>|

(d)

un.u/.- cony

e u/g“ elemenn (b)

(e)

Bound con i

(¢)

(f)

direct smoother Iw
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Floodplain meshing

Three strategies (only two shown)

Del. refine (using Mesh2D) Internal point and edge constraints
1. Build oceanside of domain

1. Build oceanside of domain
2. Build up to floodplain contour

2. Build floodplain mesh propagating while constraining boundary of

oceanside
mesh

meshing front from
oceanside boundary
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Global meshing

Meshes can built in a stereographic projection.
Boundary is periodic by construction.
- - No tidal BCs necessary

Note: Stereographic

We have been able to use projection centered o d

around 2 min time step on at North Pole . #3 N

this mesh. Equivalent to CFL .

of 13. P
5-day forecast on 48 CPUs

takes 10 minutes

| https://github.com/CHLNDDEV/OceanMesh2D/
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Global storm tides
— Simulating Tide and Surge: Aug 2 —Sep 10, 2019 —

Maximum wind speeds/minimum surface pressure at sea level
—————— 30
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Global storm tides

. Settlement ?olnt. Balhamas (UHSLC: 2'57)

Maximum Storm Tide: Aug 2 - Sep 10, 2019

Mayport (Bar Pilots Dock), FL (NOAA: 8720218}
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Automated global coastal
water level modeling

Y . quéd on 1x1 deg SRTM3 boxes

| | | | | | | | | |
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https://github.com/WPringle/GLOCOFES


https://github.com/WPringle/GLOCOFFS

Automated global coastal water level modeling

Pre-assembled tiled meshes merged together “on-the-fly”
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Automated global coastal water level modeling
Tropical Cyclone Idai — Mid-March 2019

mesh re o’ ution 1020 mesh resolution
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Tropical Cyclone Idai — Mid-March 2019
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Barriers are represented as weirs.

Meshing Barriers




Meshing barriers

Crestline of barrier is passed

struct with fields:

X: [3x1 double]
Y: [3x1 double]
width: 30
min_ele: 100
crestheight: 4.3000

40.55 ~ - '
7394 73838 -75.808 73834 -73832 7383 -73.908

40575598
4D.575588
40,575587
40.575546
40.575585 -
40.575584 -
40575593 -
40.575592 -
40.575591 -
40.57568
40575508

-73.838568 -73.933567 -73.930566 -75.8G0565

T3 STEP 1: set mesh extents and set parameters for mesh.

bhax - [-73.97 -73.7% % lon_min lan_max
44.5 48.68]; % lat_min lat_max
min_el - 15.4; % Minimunr resolution in neters.
max_el = 1p3;
dt = 23 % Ensure mesh is stable at a 2 s tinestep
grade = 8.15; % Mesh grade in decimal percent.
R = 3; % Nunber of elements to resolve feature width.

BE STEP 2: specify geographlcal datasets and process the geographical data
2% to be used later with other OceanMesh classes...
coastline = 'PostSandyNCEL';
dem = "PastSandyNCET.nc';
gdat = geodata('shp”,coastline, ...
‘den” ,den, ...
'bhox” ,bbox, . ..
‘he’,nin_el, ...
‘'weirs”,weirs);
BE STEP 3: create an edge function class
fh = edgefx('geodata’,gdat,...
"f5',R, ...
tdt',dt, ...
"max_el’ na_el, ...
"E',grade);
3% STEP &: Pass your edgefx class object along with same neshing aptions and
% build the nesh. ..
mshoepts = neshgen('ef” ,fh, "bou' Jgdat, "plot_an',1, "praj’, 'utn™, ...
‘dj_cutoff' ,1e-4);
% now build the mesh with your options and the edge function.

mshopts = nshopts.build;
m = nshopts.grd;

W& STEP 5: Manually specify open boundaries and weir crest heights
% note you will need nanual human input here
m = makens(n, 'auter”,8) ;

m = makens(n, ‘weirs”,gdat); % make the nodestring boundary conditions

% STEP 6: interpolate bathy and plot and save the mesh
m = interp(n,gdat, ‘nan','fill', "nindepth',1}; ¥ dinterpolate bathy to the
% nesh with 111 nan option to make sure corners get values
plot(m, 'bd"); ¥ visualize your boundaries
plot(m, 'bmesh'}; ¥ plot triangulation and bathy
caxis([-18 8]) ;
save( 'JBAY HR.mat', 'n")

% specify your elevation specified boundaries using the curs

or



Meshing Barriers




Sandy Hook to Breezy Point (SH-BP)
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Maximum water levels during Hurricane Sandy

w/ SHtoBP weir\- w/o
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Maximum water levels during Hurricane Sandy

w/ SHtoBP weir - w/o
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Conclusions

Eight step-by-step examples are here:
https://github.com/CHLNDDEV/OceanMesh2D
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