
Conference Paper, Published Version

Gruwez, Vincent; Verheyen, Bart; Wauters, Peter; Bolle, Annelies
2DH Morphodynamic Time-Dependent Hindcast Modelling
of a Groyne System in Ghana
Zur Verfügung gestellt in Kooperation mit/Provided in Cooperation with:
Kuratorium für Forschung im Küsteningenieurwesen (KFKI)

Verfügbar unter/Available at: https://hdl.handle.net/20.500.11970/99476

Vorgeschlagene Zitierweise/Suggested citation:
Gruwez, Vincent; Verheyen, Bart; Wauters, Peter; Bolle, Annelies (2014): 2DH
Morphodynamic Time-Dependent Hindcast Modelling of a Groyne System in Ghana. In:
Lehfeldt, Rainer; Kopmann, Rebekka (Hg.): ICHE 2014. Proceedings of the 11th
International Conference on Hydroscience & Engineering. Karlsruhe: Bundesanstalt für
Wasserbau. S. 561-568.

Standardnutzungsbedingungen/Terms of Use:

Die Dokumente in HENRY stehen unter der Creative Commons Lizenz CC BY 4.0, sofern keine abweichenden
Nutzungsbedingungen getroffen wurden. Damit ist sowohl die kommerzielle Nutzung als auch das Teilen, die
Weiterbearbeitung und Speicherung erlaubt. Das Verwenden und das Bearbeiten stehen unter der Bedingung der
Namensnennung. Im Einzelfall kann eine restriktivere Lizenz gelten; dann gelten abweichend von den obigen
Nutzungsbedingungen die in der dort genannten Lizenz gewährten Nutzungsrechte.

Documents in HENRY are made available under the Creative Commons License CC BY 4.0, if no other license is
applicable. Under CC BY 4.0 commercial use and sharing, remixing, transforming, and building upon the material
of the work is permitted. In some cases a different, more restrictive license may apply; if applicable the terms of
the restrictive license will be binding.







2.2 Model settings and calibration 

The default parameter settings in XBeach are primarily intended for the North Sea wave conditions off 
the Dutch coast (Roelvink et al., 2009). The wave climate off Ghana differs significantly from the wave 
climate in the North Sea, since the wave climate off the West-African coast is swell dominated (IMDC, 
2013b).  

Moreover, since the XBeach model was initially designed for relatively short simulations (hours, days) 
during storm conditions, simulations over longer periods (weeks, months) may not be very accurate. In-
deed, during calm and moderate wave conditions the beach erosion is overestimated by XBeach due to 
the offshore sediment transport associated with long waves (van Thiel de Vries, 2009). van Thiel de Vries 
(2009) hypothesizes that inner surf and swash zone sediment transports associated with long waves are 
not properly simulated since the model misses some relevant physics in this case (e.g. long wave break-
ing, interactions with short waves in the swash zone). It was shown by van Rooijen (2011) that modelling 
the short waves with the NLSW equations together with the long waves and using the combined intra-
wave Nielsen and Bagnold type transport model, onshore transport during calm or moderate wave condi-
tions is better represented. However, doing this greatly increases the calculation time and therefore de-
creases the usability of the model in 2DH over longer periods.  

Although not a full alternative, onshore sediment transport can be promoted in some areas of the beach 
by increasing the onshore transport associated with non-linear short waves without influencing the calcu-
lation time too much. This is controlled by the parameters facAs and facSk, which represent calibration 
factors for the time averaged flows due to wave asymmetry and skewness. These flows are a result of 
non-linear wave behaviour in the shoaling, wave breaking, surf and swash zones. The factors applied to 
skewness (facSk) and asymmetry (facAs) determines the magnitude and direction of the cross-shore net 
sediment transport. Varying these factors therefore determines the predominant sediment transport direc-
tion (Pender and Karunarathna, 2013). 

The parameter facSk influences the profile shape most in the shoaling and breaker zone: increasing 
facSk increases the wave skewness which leads to mostly offshore sediment fluxes. On the other hand, fa-
cAs shapes the cross-shore profile more nearshore in the surf and swash zone (Roelvink, 2013): increas-
ing facAs increases the wave asymmetry which leads to an increase of the onshore transport. 

Another parameter which has influence on the beach profile is wetslp or the critical slope for which the 
dune avalanching algorithm is triggered in the model when the beach is wet (saturated). A lower (higher) 
value will cause a gentler (steeper) equilibrium slope of the bed in the swash zone and along the wet inter-
tidal beach.  

Splinter and Palmsten (2012) found that the wave dissipation model is also very important for the 
modelling of erosion in XBeach. Two main wave dissipation models at the scale of wave groups exist 
within XBeach, both formulated by Roelvink (1993). The wave dissipation is default proportional to H³/h 
rather than H²/h in the alternative wave breaking model. The default is therefore a more intense dissipa-
tive wave breaking model in the nearshore zone. 

To make the XBeach model applicable to the specific conditions of the area of this study, calibration 
of these parameters is necessary. The calibration was performed with a 1DH cross-shore profile model of 
a beach cross-section in the project area. The calibration was mainly based on the wave asym-
metry/skewness parameters (i.e. facAs and facSk), the wave breaking module (i.e. parameter break) and 
dune avalanching trigger parameter wetslp until a more or less stable beach profile was obtained under the 
wave action over a year (Verheyen et al., 2014). The parameters were calibrated such that the beach re-
tains as much as possible the original (measured) shape of the cross-shore profile. An overview of the cal-
ibrated parameters is given in Table 1. 

 
Table 1. Main calibrated parameters of the XBeach model. 
__________________________________________________ 
Parameter Default Calibrated __________________________________________________ 
facSk [-]     0.10          0.10 
facAs [-]      0.10          0.30 
break [-]  Roelvink2     Roelvink1 
wetslp [-]      0.30          0.30 __________________________________________________ 

2.3 Model domain and bathymetry 

The hindcast model domain is centred around the location of groynes A and B indicated in Figure 2. Both 
seabed and land topography measurements are needed for the initial bathymetry of the hindcast model. 
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The most important physical processes which caused the main morphological changes observed during 
this period in the area around groynes A and B were identified by analysis of the numerical model results. 
Analysis of the significant wave height, longshore currents, sediment transport and water levels shows 
that important causes of the severe beach erosion east of the first groyne were found to be: 

• A 2D bathymetric feature (i.e. a trough or bottom depression): it greatly influences the swell 
waves (wave refraction, divergence/convergence) and causes a longshore sediment transport gra-
dient leading to a local erosion hotspot. 

• 2D topographical features (i.e. differences in beach crest height west and east from the first 
groyne): this allows overwash to occur east more than west, causing the beach to retreat more in 
the east. 

Finally, a big advantage of a numerical model was exploited by modelling in parallel a second hindcast 
model wherein no groynes were introduced. This showed that the beach west of groyne A has clearly 
benefitted from the construction of the groynes, since the beach erosion was less with groynes than with-
out for this area. It also showed that while the groynes have contributed to the severe erosion east of 
groyne A, they are not the main cause of it. 

NOTATION 

D50 Median grain size (diameter) [µm] 
D90 90-percentile grain size (diameter) [µm] 
h Water depth [m] 
H Wave height [m] 
Hm0 Spectral significant wave height [m] 
LAT Lowest Astronomical Tide [m] 
Tp Peak wave period [s] 
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