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Process-based, 
morphodynamic
models

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

• Examples:
– 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



Validating components



Validating morphological evolution



Validating key parameters in 
evolution

Erosion volume Dune retreat



Useful metrics

• Brier Skill score agreed metric for 
morphological change



Useful metrics
Table 1 Definition of error parameters. 
Parameter Formula  

(m=measured, 
c=computed) 
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R2=1 means no scatter, tendency may still be wrong 
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This is a relative measure of the scatter between model 
and data. The error is normalised with the maximum of 
the rms of the data and the absolute value of the mean of 
the data; this avoids strange results for data with small 
mean and large variability  
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This is a relative measure of the bias, normalised in the 
same way as the Scatter Index. 

Brier Skill 
Score BSS 
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This parameter relates the variance of the difference 
between data and model to the variance of the data. 
BSS=1 means perfect skill, BSS=0 means no skill, 
BSS<0 means model is worse than ‘no change’ scenario. 
We consider this parameter mainly to judge the skill of 
the sedimentation/erosion patterns 

 



Model skill



‘Factory settings’



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



1930 2005

B1 II

Observed

Base case: initially
uniform sediment size

Initially space-varying
sediment size
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Validating morphology

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

• Given tide and landboundaries
• Example: Western Scheldt



Results of 
3D run Observed 1998

Initial flat 
bathymetry

Modelled, 15 yrs

Modelled, 30 yrs

Modelled, 200 yrs



Evolution of BSS

• Watch red line
• Best skill after

60 years Overall BSS

Phase skill

Amplitude 
skill



Conclusions

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

• Model system skill requires generic model 
settings

• Positive model skill in morphodynamics
difficult but increasingly doable


