ecl-ACE

A grid generator for OPENCoastS
powered by OCSMesh

LNEC — Laboratorio Nacional de Engenharia Civil, Portugal
NOAA — National Oceanographic and Atmospheric Administration, USA
* also affiliated with Spatial Front Inc., USA

2023 NOAA SCHISM workshop
July 19-20, 2023

’ ". EGI-ACE receives funding from the European Union's Horizon 2020 research
and innovation programme under grant agreement no. 101017567.



Outline

Motivation and goals
The building blocks
+ OCSMeshv. 1.34
+  JIGSAW
* NICEGRID V. 5
Grid generation with OPENCoastS

Examples

Summary and outlook

o0
0%%,e
...I"l...
0o 0
ee’ e

eel-ACE




® el
O
[ YA

Motivation ee-Ace

« OPENCoastS empowers users to generate and operate coastal forecast systems powered by
SCHISM
« The user is guided through eight steps that let him create his own forecast for any domain

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8

Model Domain Boundaries Stations Hydrodinamic Additional Data Water Quality Submission
Parameters

« Current capabilities include 2D and 3D hydrodynamics, waves, and water quality (generic tracer and
fecal indicator bacteria)

« OPENCoastS targets both experienced modelers and technicians without previous modeling
experience

* For most users, providing a grid of their domain of choice is the major difficulty in adopting
OPENCoastS




Goals

Foster the adoption of OPENCoastS by non-experienced modelers by:
« Providing users with an online grid generator that is simple and intuitive
+ Generating both horizontal and vertical grids for SCHISM
* Providing easy access to online bathymetric and coastline data

Users should be able to generate an operational grid in less than 30 minutes
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The building blocks ea-Ace
OCSMesh

* Mesh preparation tool for generating inputs and cleaning up outputs for the mesh
engine (Jigsaw)

» Designed to be user-friendly and interoperable with common Python GIS packages

e Supports multiple methods of defining the domain and sizing function of the mesh

e Supports mesh sizing function manipulation based on predefined shapes or extracted
contours from bathymetry

« Originally developed by Jaime R. Calzada (VIMS), currently developed and maintained
by Soroosh Mani (NOAA, SFI)




The building blocks

JIGSAW (www.giss.nasa.gov/tools/jigsaw)

» Unstructured mesh generator and tessellation library called by OCSMesh

* Designed to generate high-quality triangulations and polyhedral

decompositions of general planar, surface and volumetric domains

* Includes refinement-based algorithms for the construction of new meshes,

and optimization-driven techniques for the improvement of existing grids

+ Developed by Darren Engwirda et al.
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The building blocks
NICEGRID

NICEGRID automatically improves grids by
reducing element skewness.

Main operations:
« Adding and removing nodes
Changing connections between nodes
* Adjusting the position of internal nodes,
and of nodes along straight boundaries
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Generating a grid in OPENCoastS

Step 1 — Horizontal domain
Assistente de geracao de malhas © nova gerscio | [CEERE

Passo 1 Passo 2 Passo 3 Passo 4 Passo 5 Passo 6 Passo 7 Passo 8
Define: o— (o
. . Dominio Resolugdo da malha Gerar malha Interpolar Determinar Download Malha Geragdo da malha Resumo
l . R e g | O n Of | nte I'eSt Horizontal batimetria fronteiras Horizontal vertical

2. Bathymetric source(s) R =
3. Landward limits

. Este passo permite definir e obter a informac&o de base sobre o dominio horizontal.
4. Water boundaries ppe :

~ \ Trenton Jressrees
Nome da malha (*): ‘ DelawareBay_clone ‘

e
| ettt /- A { |} ol
| | & New Jarsey
. i £ __Philadelphia

feer
1- Defina a regido de interesse:

Desenhe primeiro a regido de interesse (ROI) que pretende antes
de prosseguir para o passo seguinte
Longitude Oeste (*): | 7564  © |

Latitude Norte (): | 40,16 “

Longitude Este (*): |-73,99 2

Latitude Sul (): 3700 <

Desenhar ROI Editar ROI
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Max and min resolutions
Constant resolution
between two isobaths
Constant resolution
along an isobath and
linear increase away

Constant resolution in
polygon and linear
increase away from it

Other OCSMesh options are
not implemented yet

Generating a grid in OPENCoastS
Step 2 — Grid resolution

Assistente de geracao de malhas

Passo 1 Passo 2 Passo 3

= O

Dominio Resolugdo da malha Gerar malha

Horizontal

Definir resolugdo
Neste passo tera de fornecer a resolugéo da malha.

1- Defina a resolugdo maxima e minima global:

Minimo Global (m) (*): | 100 3|
Maximo Global (m) (*): ‘ 5000 ¢ ‘

2- Resolugdo constante:
Indique a resolugéo constante entre 2 isobatimétricas.

Prof. Prof. Resoluga
# Inferior Superior
x 1 -5 10 400

3- Aumento linear:
Indique o aumento linear com a distancia a uma isobatimétrica.

Taxa de

<4 Anterior

Download Malha

Interpolar Determinar
batimetria fronteiras

Passo 8

Geragdo da malha Resumo

Legenda
# estimado nés: 7000

Resolugido
100 m

I 3737 m

Concluir passo =»



Generating a grid in OPENCoastS

Step 3 — Generate horizontal grid

1. Generate the grid with Assistente de geracdo de malhas el
OCSMesh & JIGSAW Passo Passo?

ecl-ACE

Passo 3 Passo 4 Passo 5 Passo 6 Passo 7 Passo 8
2. Improve the grid with o o (o
Dominio Resolugdo da malha Gerar malha Interpolar Determinar Download Malha Geragdo da malha Resumo
N I C E G R I D Horizontal batimetria fronteiras Horizontal vertical
Gerar malha

Neste passo o utilizador pode pedir para ser gerada a malha com os parametros definidos nos passos anteriores.

Gerar e visualizar (*)

Para avancar para o passo seguinte, fem que gerar a malha,
clicando no bot&o abaixo. Sera apresentado o nimero de nés e

New Jaroey

P Ryver
Phil i
elementos. e a possibilidade de salvar o ficheiro para o disco. > ?" Eiha
/ y Gerar malha
+ } A y
) % Vineland
e crea ,,..2; o kL Melhorar malha fantc ity
o, o, E possivel melhorar a estrutura da malha:
“,
by 1. Escolha o algoritmo:
. —
: @® Nicegridd O Springs
1
3 2. Correr:
w

May VY
oint

A malha nicegrid4 tem 26784 n6s e 51300 elementos.Quer
mesmo assim aceitar ou rejeitar malha melhorada? T

<4 Anterior

Concluir passo =»



Generating a grid in OPENCoastS e e
Step 4 — Interpolate bathymetry

1.

Interpolate the
bathymetry from
the sources
specified in Step 1

Assistente de geracao de malhas

Passo 1 Passo 2 Passo 3 Passo 4 Passo 5 Passo 6 Passo 7 Passo 8
Dominio Resolugdo da malha Gerar malha Interpolar Determinar Download Malha Geragdo da malha Resumo
Horizontal batimetria fronteiras Horizontal vertical

Interpolar batimetria ﬂ ﬂ

Neste passo o utilizador pode pedir para se fazer a interpolacdo com o conjunto de fontes batimétricas escolhido no passo 1

* Trentoh TS

Interpolar batimetria

Clique no botéo abaixo. Em caso de sucesso, sera apresentada a Legenda
malha resultante dessa interpolacdo. Abaixo apresentamos-lhe a lista | | Profundidade
¢ -

das fontes batimétricas escolhidas no passo 1 e
Fontes batimétricas

Ordem Fonte Ficheiro

47m
" nasa_srtm_1a
resec
2 gebco

Interpolar

A malha foi interpolada com sucesso.
Salvar Malha

4 Anterior Concluir passo =»



Generating a grid in OPENCoastS

Step 5 — Determine boundaries

Determine open/closed Assistente de geragdo de malhas 777 onovageracio | [T
boundarles by elther Passo 1 Passo 2 Passo 3 Passo 4 Passo 5

1. Selecting pairs of nodes @—@—0—0— O

that deflne Open bOundaI’IeS le?:lr:; Resolugdo da malha Gerar malha :t::;p;lrai; Df::::irr;asr Dov:r;l:::nl:l:llha Gerat‘;léeon?;:nalha Resumo
2. Selecting a threshold depth

for land boundaries

(O C S M eS h) Neste passo o utilizador pode determinar as fronteiras, ou por limite ou por pares de nos.

Determinar Fronteiras: ol [Tl it T \ *entof §, Long Brandh
o+ =5 =
Escolha: b Licaster . * New Sarsey
P MJ Toms R

Passo 6 Passo 7 Passo 8

Determinar fronteiras ﬂ a

@ Por pares de nés phia

O Por threshold

Clique em 'Adicionar Par' e escolha dois nos no sentido direto &
(counterclockwise), depois cliqgue em determinar. Use a roda do

rato para zoom in e zoom out. Pode adicionar varios pares. mantown
®
x

# Par de Nés Cor

cYy
8847,26036 #9335B3 :

1
2 6209,6093 #835355

sburg

California
Lista de fronteiras:
# Tipo 2
1 [ e

<4 Anterior Concluir passo =»



Generating a grid in OPENCoastS

Step 6 — Output horizontal grid

Select file format and the
coordinate system
Download the horizontal
grid to your computer

Assistente de geracao de malhas

Passo 1 Passo 2 Passo 3 Passo 4 Passo 5 Passo 6
Dominio Resolugdo da malha Gerar malha Interpolar Determinar Download Malha
Horizontal batimetria fronteiras Horizontal

Informagdo Adicional

Neste passo o utilizador pode guardar copias da sua malha para varios formatos e EPSG.

Output da malha horizontal

© Nova geragio m

Passo 7 Passo 8
Geragdo da malha Resumo
vertical

Escolha o formato de ficheiro e tipo de transformacdo geografica que
pretende guardar.

Formato de ficheiro: ‘ ar3 v }

Transformagdo geografica (EPSG): ‘ 4326 <

Download Malha Horizontal

ver

4= Anterior

Concluir passo =»



Generating a grid in OPENCoastS
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Step 7 — Generate vertical grid

Generate a 2D or 3D vertical
grid
Define:

» # of vertical levels

« #ofZlevels

* hs

* hc

- 0,

- 0
Visualize the grid
Download the vertical grid to
your computer

Assistente de gerag¢dao de malhas

Passo 1

Passo 2 Passo 3 Passo 4 Passo & Passo 6 Passo 7 Passo 8
Dominio Resulugén da malha Gerar malha Interpolar Determinar Download Malha Gerag.é’o da malha Resumo
Horizontal batimetria fronteiras Horizontal vertical

Informagéo Adicional

Neste passo o utilizador pode gerar malhas verticais, como uma malha tridimensional. Este passo & opcional, caso pretenda manter uma malha bidimensional, defina o
nimero de niveis verticais para 2.

Escolha: ~
O 20
® 32D
Vertical levels (nvrt>1): |26 | o
—— -100
Zlevels (kz»0): |6 |
-200
Z-5 transition depth (Hs~100-200 m): B
100 | £ 300
e — a
U
. . Q —400
8-sigma transition depth (Hc~5-30 m):
| 5 | -500
ThetaB: |1 | -600
A 0 200 400 600 800 1000 1200
ThetaF: ‘ & | Horizontal (m)
Download malha vertical |
4= Anterior

Concluir passo =»



Generating a grid in OPENCoastS

Step 8 - Summary

* Review your choices

* Archive the grid in

OPENCoastS for future use

and change

Assistente de geragao de malhas

Passo 1 Passo 2 Passo 3 Passo 4 Passo 5 Passo 6 Passo 7 Passo 8
Dominio Resolugdo da malha Gerar malha Interpolar Determinar Download Malha Geragdo da malha Resumo
Horizontal batimetria fronteiras Horizontal vertical

Submeter Malha ﬂ B

Confirme as configuracdes selecionadas

Sumario

@ Dominio Horizontal

Nome da malha: DelawareBay_clone

ROI: [-75.64,40.16,

-73.99,37.99]

Dominio: Definir manualmente limites de terra e agua
Limite de terra: Open Street Maps (OSM)

@ Resolugdo damalha
© WMalha gerada

@ Batimetria

A Crantaira

4= Anterior Aceito Termos e Condigoes de Utilizagdo
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Examples
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Examples

Azov Sea
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Examples

Pearl River estuary (Macao and Hong Kong)
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Summary

Key features

Offers easy and intuitive grid generation
Generates both horizontal (triangular) and vertical (S-Z) grids
Provides open access data:
* Topography/bathymetry (gebco, SRTM 1-arcsec, emodnet)
* Coastline (open street map, emodnet MHW)
Grids are smooth, although not necessarily the most eficient
Grids can be cloned and changed

Ongoing and future developments

Bug fixes, improvements and robustness
English interface

Public deployment

Include more features from OCSmesh
Improve estimate of the number of nodes
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’ Thank you for your attention! es:ﬁcs

Questions? Comments?

@OPENCoastS

Coastal CIrcuIatlon on- demand forecast
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