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Abstract: XBeach, a coastal response numerical model, developed to stimulate the nearshore and coastal 
processes. It is 2HD open-source process-based which includes short wave propagation, sediment transport, flow 
and bathymetry changes from difference wave spectral and flow boundary conditions. The mode is focus on 
horizontal circulations and effects of coastal evolution due to anthropogenic measures.  In this case, the application 
of XBeach was used at Cherok Paloh Beach located in Pahang, Malaysia. The model stimulated an extreme storm 
event during Typhoon Rai, 11 to 21 December 2021. The case of the event was tested using 1D beach erosion test 
during the storm conditions. The evaluation of the sensitivity analysis for the profile (morphological changes) was 
compared and determine using an error indicator (Brier Skill Score) proposed by van Rijn et al., (2003). The 
sensitivity was tested using different morphological influenced parameters (facua, wetslp and dryslp) and been 
compared with the final beach profile to calculate the BSS. Based on the BSS, the validated value obtained then 
replicated to other 1D profile around Cherok Paloh Beach. Based on stimulated the default parameters tested shows 
overestimated erosion volume. The result obtained from the BSS, it revealed that the best model was obtained by 
changing the calibration parameter facua and wetslp. 
 
Keywords:  Geomorphology; Storm Surge; Numerical; XBeach; Typhoon Rai 
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INTRODUCTION

XBeach  is  an open-source numerical  model
to s imulate the hydrodynamic  and
morphodynamic  processes and the impact
on sandy beaches.

2DH-based model  solut ion for wave
propagation,  long wave and mean f low,
sediment transport ,  and morphological
changes nearshore ,  beaches,  and dunes  due
to storms .

Developed by Delft  University of
Technology  and University of  Miami



INTRODUCTION

Storm surge is  an abnormal  r ise of  water
generated by a storm ,  over and above the
predicted  astronomical  t ide .



INTRODUCTION

Storm surge is  caused pr imari ly  by
the strong winds  in  a hurricane  or

tropical  storm .  



Wind Speed :  267km/h 
Diameter:       185km/h
Eye:                56km
Air  pressure :  below 915mbar
Saff ir-Simpson scale :  Cat 5

SUPER TYPHOON RAI
(ODETTE)



11 DEC 2021 -  21 DEC 2021

(16 DEC 2021)

PROBLEM STATEMENT



Categor ized as  a  rapidly  rotating storm
system commonly referred to as  a  tropical
cyclone 

TROPICAL DEPRESSION 291

Sustains  between 50km/h to  60 km/h
2 WIND 

Make landfal l  at  Terengganu coast  and move
to Straits  of  Malacca

3 PATHWAYS

PROBLEM STATEMENT



CHEROK PALOH 
20 KM SOUTH OF KUANTAN

LOCATION OF INOCEM

STUDY AREA



Prel iminary erosion study using DSAS 



METHODOLOGY

Numerical
Modelling

Field
Observation

Total  stat ion

Pre-Storm profi le
6 Dec 2021
Post-Storm Profi le
21 Dec 2021

Echo sounder

Bathymetic Survey
5 Dec 2021

Secondary data
(Copernicus
Marine)
Bed level   data

SWAN - XBeach
Coupl ing Model

     (F ie ld sampl ing)



Validation Output

Wave & Wind

Water Level

Bathymetry

In-Situ Data

Delft-3D

Delft-Wave
Delft-Flow

Secondary Data

Topography
Bathymetry

Wave Height

Wave Direction

Wave Period

XBeach

Morphological Output

SWAN XBeach

Insitu
 Depth Data

SWAN - XBeach Coupling Model

RMSE =0.08m
Index of  agreement = 0.86

WAVE VALIDATION 



Grid Size varying (5m to 100 m)
Finer at  the study area.

XBeach Grid



Bedlevel  (7m to -11m)
Water depth at  boundary required more
than 10 m

XBeach Bedlevel



1 D
Cal ibrat ion of XBeach numerical
model
Cal ibrated parameter are anal ised
using Brier  Ski l l  Scoring Analysis

METHODOLOGY

Geomorphology
Parameter



Drone Imagery of  Transect Locat ion

Tr1

Tr2

Tr3

Tr4



RESULT
TR 2TR 1

MSL MSL

BSS = 0.976 BSS = 0.968



RESULT
TR 4TR 3

MSL
MSL

BSS = 0.825 BSS = 0.968



RESULT
EROSION STIMULATION

23 Dec 2021 TR 2

23 Dec 2021 TR 3

3 Jan 2022

3 Jan 2022



The Set  up of  XBeach for  Cherok Paloh beach
is  cal ibrated accordingly  and the BSS score
s ignifys  that  is  suff ic ient  to  be repl icated
onto other  areas.

The S imulat ion is  in  l ine with the pre l iminary
study that  ident i f ies  the area to be
exper iencing coastal  eros ion with a  rate of
greater  than 5 m.  

Required a  wave cal ibrat ion and val idat ion
for  XBeach,  

NUMERICAL MODEL1

2 RECOMENDATION

DISCUSSION
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