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Introduction

We show the coupling of the nearshore erosion
model XBeach to two modelling frameworks: ESMF
and OpenMI. We compare the two implementations
and give suggestions for easy model coupling.

Possible applications of coupled XBeach

XBeach

A two-dimensional model for wave
propagation, long waves and mean
flow, sediment transport and morpho-
logical changes of the nearshore area,
beaches, dunes and backbarrier during
storms. It consists of 17000 lines of For-
tran90.

From XBeach to libX-
Beach

The main XBeach program was rewrit-
ten to a library (.so). Making a library re-
sulted in 140 extra lines of code (29 for
C compatibility).

XBeach + OpenMI

For OpenMI a C# wrapper around libx-
beach was written(65 lines), the Open-
MI specification was implemented in
an XBeachComponent (117 lines). Unit-
tests were also added (189 lines).

XBeach + ESMF

An XBeachComponent (93 lines) and
a coupler were created (44 lines) and
tests (194 lines).

XBeach < > MODFLOW

Frameworks ESMF:

' Initialize XBeach

rc = init()

call ESMF_GridCompPrint(gcomp, rc=rc)

' Create the grid

rc = getintparameter(“nx”, nx, 2)

rc = getintparameter(“ny”, ny, 2)

grid = ESMF_GridCreateShapeTile(maxIndex=(/
nx,ny/), name="xbeachgrid”, rc=rc)
statename = “Coast”

exportState = ESMF _StateCreate(statename,

Coupling in 5 steps:
Make a library: Build a dll or shared object
exposing the initialization, step, final-
ize. Throw out your time loop “Don't call
us we'll call you!”.

Allow introspection: Make all your data

Barrier island during a storm

. 3‘}‘92;‘_“
J"?(v-"' e

- Gyt U & T 3 83
e o £33 2 555
. =i 5

(
o= 5 J’ : =
programmers

scientists

Delft3D < »XBeach < » Delft3D

less more

abstract i et ety pESHE STATE EXPORT remres avallablg thrgugh getters and setters.
° script function  object interface  aspects bundlename = “Bathymetry” EXtra pOIntS If you do nOt use g|0ba|
ESNIE bundle = ESMF_FieldBundleCreate(name=bundlename, . bl
ImTAN;E; rc=rc) Varla ES.
array = ESMF _ArrayCreate(s%zb, distgrid=distgrid) 1 . i
I_-—'—lM — field(l) = ESMF _FieldCreate(grid, array=array, Language barrlerS. Use the approprlate o 2D |nundatlon after breach
ate 3 name="zb”, rc=rc) tools. F90: use iso_c_binding others:
Python / Ruby > call ESMF_FieldBundleAdd(bundle, field(1l), rc) . XBeach < » SOBEK
OpenMi call ESMF_StateAdd(exportState, bundle, rc) ctypes, swig, Jna.
Java/ C# Stick to your domain: Keep a clear separa-
OvenMi tion between domains (for example
enivii; . . . .
11Pb><Beach.1n1t<> ; numerical, physical, coupling, spatial).
double tstop = 0; // will be uUpdated Test your code: Write tests before you
ESMF Description OpenMI 2.0 libXBeach.getparameter (“tstop”, ref tstop); ]
ESMF_AppDriver Main program/controller OpenMI gui + command DateTime start = new DateT-ime(); Start COUpllng mOdE|S.

line runner

ESMF_GridComp Component with input and output (run,  IBaseLinkableComponent
initialize, finalize)

ESMF_CplComp Maps input to a output state (used for SDK/ OpenMI Tools
conversion of units, grids, spatial
transformation).

DateTime end = start.AddSeconds(tstop);
timeExtent.TimeHorizon = new Time(start, end);
result = libXBeach.getparameter(“nx”, ref nx);
result = libXBeach.getparameter(“ny”, ref ny);
double[] X = new double[nx+1];
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e s formation) .B'VI'EEI:hﬁ%.m esult = 1ibXBeach getlddoublearray ("yz7, ref y): Lloyd, W. et al. (2009) An exploratory investigation on the invasiveness of environ-
ESMF_Grid Geospatial representation of connected IElementSet | mental mOdeling frameWOrkS.
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