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Process-based,
morphodynamic
models

simulate basic processes
‘upscaling’ approach
equilibrium not known a priori
detailed representation

Examples:

loop back

— XBeach — 1D/2DH storm impact model
— Delft3D — 2DH/3D medium-term morphodynamic model



XBeach model system validation

 Range of test conditions

* Single set of model parameters (‘factory settings’) where
possible
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Validating components
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Validating morphological evolution
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Validating key parameters In
evolution

Erosion volume (mSIm)
Dune retreat (m)
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Useful metrics

* Brier Skill score agreed metric for
morphological change
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Table 1 Definition of error parameters.

Useful metrics

Parameter Formula Remarks
(m=measured,
c=computed)
Correlation | Co\m 9 R°=1 means no scatter, tendency may still be wrong
coefficient T o
R2 Sid ¢
Scatter index rms. . This is a relative measure of the scatter betweaae
SCI and data. The error is normalised with the maxinafim
< m>
max(ms, < m ‘ ) the rms of the data and the absolute value of &&nnof
the data; this avoids strange results for data svihll
mean and large variability
Relative bias <C- m> This is a relative measure of the bias, normalisdbe
max(ms, |< m>‘) same way as the Scatter Index.
Brier Skill Var(c- m This parameter relates the variance of the diffiezen
Score BSs | 1- var(m) between data and model to the variance of the data.

BSS=1means perfect skilBSS=0means no skill,
BSS<0Omeans model is worse than ‘no change’ scenario.
We consider this parameter mainly to judge thd ekil

the sedimentation/erosion patterns




Summary of error statistics.

Model skill

Test case Parameter R SCI Rel, bias  BSS
Lip11d-2E Homs 12 0.88 0.07 — 0,03

Hrms 10 0.82 0.08 0,02

I — 0.44 0.11 0.08

I — 0.88 0.08 0,02

Unean 0.34 0.44 — 028

Sed/Ero 0.85 0.55 —0.14 0.72

Erosion wolume 0.87 0.06 —0.03

Dune retreat 0.83 0.08 —0.05
Deltaflume_2005_T04  Hope 0.88 0.04 — 0,003

Hrms 10 0.4 0.07 0,015

I — —0.51 0.144 —0022

I — 0.82 0.09 —0.033

Urmean 0.75 0.26 0.036

Sed/Ero 0.97 0.162 — 008 0498
Zelt Time series 0.98 0.17 0,01

Max runup 0.98 0.04 —0.03
Delilah Hromes 1a 0.852 0.093 — 0,002

Hrmes 10 0.570 0.296 0287

VB=0.10) 0.366 0,429 0320

(3= 0/05) 0578 0.401 0319
Zwin Breach width 0.94 0.09 — 006

Max velocity 0.76 0.36 0.16




‘Factory settings’

Parameter Description Default walue

Gamma Breaker parameter in Roelvink [ 1993ab) 0.55
dissipation model

Alpha Dissipation parameter in Roglvink (1993ab) 1.0
dissipation model

i Power in breaking probability functon 10

Wi Switch (0/1) to turn on wave-currant 0
interaction

Beta Slope of breaking wave front in roller model 0.1

Scheme Option to use upwind (1) or second-order 2
Lax=Wendroff scheme (2) for short-wave
ENErgy propagation

himmir Minimum depth for computation of undertow 0.05 m
velodty

EAMM A Maximum ratio wave height/ water depth 2

hswitch Minimum water depth considered as 0.1

Order First=order (1) or second-order (2) wave Depends on test
£eneration facility or field

situaton

C Chezy roughness value 65 mV</ 5

nuh Backeround horizontal viscosity 0.1 meé)s

nuhfac Calibration coefficient in Battjes model of 1.0
horizontal viscosity

eps Cut-off water depth for inundation 0.001 m

dico Horizontal dispersion coefficient 1.0 m/s

facsl Slope factor in sediment transport formula 16

Tsfac Coefficient in ad aptation time suspended 0.1
sediment

wetslp Underwater critical bed slope for avalanching 03

dryslp Dy critical bed slope for avalanching 1.0

CFL CFL number used in computation of automatic 09

timestep




Validating morphology change In
area models

Difficult line of business

Model morphology often tends to different
pattern/amplitude than reality

Often negative skill score

Example: simulating Marsdiep tidal inlet
1930-2005 using Delft3D

Simple physics (2DH, Engelund-Hansen
formula)

With and without grain size variation
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Validating morphology

« Evaluate capability of model to create
morphology from flat-bed

e Given tide and landboundaries
 Example: Western Scheldt
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Results of
3D run

Observed 1998

Initial flat
bathymetry

Modelled, 15 yrs

Modelled, 30 yrs

Modelled, 200 yrs
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Evolution of BSS
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Conclusions

« Skill metrics essential in validating model
systems and assessing model
schematizations

 Model system skill requires generic model
settings

e Positive model skill in morphodynamics
difficult but increasingly doable



