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Predictions of water levels (m)
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Physical processes  & modeling

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

NASA, MODIS/ LANCE, HDF File Data processed by Supportstorm - ftp://ladsftp.nascom.nasa.gov/allData/5/MOD021KM/2012/299/

https://www.wired.com/story/what-weve-learned-about-climate-change-since-hurricane-sandy/

ftp://ladsftp.nascom.nasa.gov/allData/5/MOD021KM/2012/299/
https://www.wired.com/story/what-weve-learned-about-climate-change-since-hurricane-sandy/
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• Celestial bodies (moon and sun)  generate periodic variations in water levels called the tides due to gravitation.  

◦ Semi-diurnal driven primarily from moon. 

◦ Diurnal driven by declination of moon w.r.t. to Earth’s equatorial horizon.  

Used in simulations of surface tides

Tide can vary by 45 ft (16-m) in Bay of Fundy



Governing Equations: “Shallow”-water equations

4

∂ζ
∂t

+ ∇ ⋅ (uH) = 0

∂u
∂t

+ (u ⋅ ∇)u + τbf u + fc
̂

k × u + g∇ζ − ν∇2u = f

water surface elevation
total water column depth where 
depth averaged velocity
external body forces (e.g., winds)

bottom friction term, Coriolis parameter, gravitational 
constant, kinematic viscosity

ζ

H ≡ ζ + hb
u

f

τbf , fc
̂

k , g, ν

hbis the depth below the geoid.

Ωon

Primitive continuity equation

Ωcomputational domain

Vertical scales << horizontal scales, “long waves”
Hydrostatic pressure

 Depth-averaged momentum equations 

Ωon

Key assumptions



Manual mesh generation  
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Zundel 2008, Surface-Water Modelling System (SMS) V8

1. Trace shoreline boundaries from imagery. 
2. Specify resolution zones by hand.

250-m

1-km

Zone element sizes



Manual coastal ocean model generation with 
SMS…


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

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

Mesh sizes
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Mesh sizes around Hong Kong, China



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).
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Section of shoreline along northern Gulf Of Mexico

Irregular shoreline boundary



Vertex densities on the shelf are zoned according to the wavelength-to-gridscale mesh sizing heuristic.
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Resolution transitions are slow ≈ H
 is set artificially high (100+) to ensure shoreline resolution matches shelf resolutionαwl

wavelength of M2 tide
period of M2
depth below geoid

= 5αwl
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What is an efficient distribution of elemental resolution?

h



 Automatic mesh generation: OceanMesh2D

Software: https://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.2.2.21840.61446/2. 

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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An object orientated approach for coastal mesh development.

The whole process can be scripted

and thus approximately reproducible

https://github.com/CHLNDDEV/OceanMesh2D/tree/Projection


Geodata: shoreline is represented with signed-distance 
functions

Simplification of shoreline is not necessary beforehand

bbox

S
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Ω

∂Ω

*Shoreline are represented as 
piecewise linear segments at raw 
detail.


*Segments are classified by length and 
intersection with bbox

sign function nearest distance



bbox = [ -73.9705   40.6032 
  -73.9028   40.6696
  -73.7867   40.6983
  -73.7463   40.6300
  -73.7735   40.5517
  -73.8351   40.5329
  -73.9389   40.5240
  -74.0040   40.5220
  -73.9705   40.6032];

bbox      = [-73.97 -73.75  % lon_min lon_max
              40.5 40.68];  % lat_min lat_max

Geodata
Domains just have to be a polygon



Edgefx: Mesh sizes are controlled via sizing functions
h
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h(x, y, z) → h

h =
2π
x

b
|∇b |

For example,

where b is the depth

h = min[(hLxorhFsx), hSx, hCx]withg ≤ G
Combinations of mesh size functions are createds



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

DEM extents

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 

size variation.

SRTM15+V2



Multiscale meshing
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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. 

1. Recovery of “lost” medial points. 

2. Removal of spurious medial points. 

3. Improved efficiency of signed distance calculation.

4. Scale-aware feature size

Estimating shoreline width (feature size)

hfs = 2
(dm − ds)

αfs
pM → p: | |∇d | | < 0.9d < − 0.5Lmin

dm =
ds =
αfs =

Lmin =
pM = medial points

nearest distance to medial points
signed nearest distance to shoreline points

number of elements per width**

minimum element size
W = width of shoreline

hfs =
width

αfs
=

shoreline 
width Uniform fine Feature-size

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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Input: stream network 
from DEM 

Mechanism of resolution distribution

Result

More accurate interpolated 

seabed extrema

Inside cone 
h =

b
αch



Mesh size gradation
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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. 

∂h
∂t

+ |∇h | = min( |∇h | , g(x, y, z))

Solve the following on a Cartesian grid

∇h ≤ g(x, y, z)

edgelength of triangle h
Note when∇h ≤ gthen ∂h

∂t
= 0



Topographic-lengthscale
h =

2π
x

b
|∇b |

How do you filter b? LR =
gd
f



Meshgen: generation via modified DistMesh2D algorithm
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• P.-O. Persson, G. Strang, A Simple Mesh Generator in MATLAB. 

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

p(0) = p0 F(p) = 0Delaunay triangulation
Move points based on F

𝒪(minutes)

p = [xy]
F(p) = [Fx(p)Fy(p)]

dp
dt

= F(p), t ≥ 0

pn+1 = pn + ΔtF(pn)
**Points that exit are 
reprojected back into 
meshing domain

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


Meshgen

User passes the edgefx and geodata class instances
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Boundary simplification
Cleaning algorithm leads to a valid mesh boundary for our finite element methods.

Finer shoreline 

resolution

Coarser shoreline 

resolution

Delete exterior disjoint Delete interior disjoint Delete exterior disjoint Cleaned
Repeat until no more geometric violations

Number of boundary vertices = number of boundary segments



Mesh improvement/boundary simplification



Msh class



Floodplain meshing
Del. refine  (using Mesh2D) Internal point and edge constraints

Three strategies (only two shown)

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

while constraining boundary of 

oceanside

mesh

1. Build oceanside of domain
2. Build floodplain mesh propagating 

meshing front from 

oceanside boundary

Meshing front



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



Global storm tides



Global storm tides



Automated global coastal 
water level modeling

https://github.com/WPringle/GLOCOFFS

https://github.com/WPringle/GLOCOFFS


Automated global coastal water level modeling
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 Pre-assembled tiled meshes merged together “on-the-fly”

plus =

global mesh
local hi-res mesh

global + local

Red boxes are extents of topobathy meshes



Automated global coastal water level modeling
Tropical Cyclone Idai – Mid-March 2019



Tropical Cyclone Idai – Mid-March 2019



Meshing Barriers
Barriers are represented as weirs.



Meshing barriers
Crestline of barrier is passed



Meshing Barriers



Sandy Hook to Breezy Point (SH-BP)



Maximum water levels during Hurricane Sandy



Maximum water levels during Hurricane Sandy



Conclusions

OceanMesh2D algorithm and operations
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Mesh design using OceanMesh2D

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

https://github.com/CHLNDDEV/OceanMesh2D


Thank you for your attention!


