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Sensitivity Analysis and Application of XBeach at Cherok Paloh Beach,
Pahang, Malaysia

M.M. Abd Rahman!, M.Z. Ramli*?", and M.S. Ab Razaks

1Department of Marine Science, Kulliyyah of Science, International Islamic University Malaysia, 25300,
Kuantan, Pahang, Malaysia.
2Institute of Oceanography and Maritime Studies (INOCEM), International Islamic University Malaysia,
Kampung Cherok Paloh, 26060, Kuantan, Pahang, Malaysia.
3Faculty of Engineering, Universiti Putra Malaysia, 43400 Serdang, Malaysia.

*Corresponding author: mzbr@iium.edu.my

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 simulate the hydrodynamic and
morphodynamic processes and the impact
on sandy beaches.

2DH-based model solution for wave
propagation, long wave and mean flow,
sediment transport, and morphological
changes nearshore, beaches, and dunes due
to storms.

Developed by Delft University of
Technology and University of Miami
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NTRODUCTION

Storm surge is an abnormal rise of water

generated by a storm, over and above the
predicted astronomical tide.
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NTRODUCTION

Storm surge is caused primarily by
the strong winds in a hurricane or
tropical storm.




PROBLEM STATEMENT

tsgs - @@f Ny, dhruen SUPER TYPHOON RAI

11 DEC 2021 - 21 DEC 2021
(16 DEC 2021)

,‘,‘-’:T ROty : e Wind Speed : 26/7km/h

| iy AR e Diameter: 185km/h

’*:" ! _ | /ﬁ* * Bye: >6km

L : | | e Air pressure : below 215mbar
Y R s e o e Saffir-Simpson scale : Cat 5




PROBLEM STATEMENT

TROPICAL DEPRESSION 29 anl l - [t
Categorized as a rapidly rotating storm 'Hﬁ”-“““_______‘i"'ﬂ;_léni-im (*
system commonly referred to as a tropical R é}"‘ £

L) ~ CAMBODIAZ

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

PATHWAYS

Make landfall at Terengganu coast and move
to Straits of Malacca




STUDY AREA

CHEROK PALOH
20 KM SOUTH OF KUANTAN
LOCATION OF INOCEM
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DIGITAL SHORELINE ANALYSIS5 5YSTEM

e Preliminary erosion study using DSAS




METHODOLOGY

Field Numerical
Observation Modelling
Bathymetic Survey SWAN - XBeach
5 Dec 2021 Coupling Model

e Echo sounder
e Secondary data

Pre-Storm profile (Copernicus

6 Dec 2021 i

: . . Marine)
ost-Storm Proftile e Bed level data

21 Dec 2021

Field samplin
e Total station ( Pling!
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Seach Coupling Model
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Secondary Data In-Situ Data

Wave Height
Wave Direction

Wave Period

WAVE VALIDATION
RMSE =0.08m

Index of agreement = 0.86



103°30'0"E 103°40'0"E 103°50'0"E 104°0'0"E

103°20'0"E

103°10'0"E

5

i
S
N

(5m to 100 m)

o

%.ﬁ%«#
xx/uuw,.,./&/w%,@
oy

ik
7
"
%
[ ]

i
o
‘?’f'

£

iy
i

i
e

4
o
’ﬁ"’-’:

{77
il
RELE;
o
el
s

i
i
ity
7

()

ity

R,
i
#f
iy

o

ize varying
e Finer at the study area.

XBeach Grid
e Grid S

Z_.o_“umom

z..o,muvom

z..o.“umom z.,o._owom N.O.Q o€ Z_.o_.oom Z._o,"umom

N.0.0G.€

e

B

N.0.0¥.€

oy
o
3 = | F2
o Z <
O < 3 =)
T A < m -
c < o X |,
&
& <= -&E
L G =
o
o
-0
o
™
o
—
>
& .
L
=
o
- <t
o
™
o
~
wl
o
(e ]
)
[+]
)
o
—
L
=
()
I
[+]
™
o
b
wl
o
(e ]
h
[+]
™
o
—

N.0.0€.€ N.0.0C.€ N.0.0S.C

N.0.OL.€ N.0.0.€



3°0'0"N 3°10'0"N 3°20'0"N 3°30'0"N 3°40'0"N 3°50'0"N 4°0'0"N

2°50'0"N

103°10'0"E 103°20'0"E 103°6:0'0"E 103°4t0'0"E 103°5|0'0"E

104°P'0"E

N

A

Legend
A ADCP
Grid
SWAN

- XBeach

Location

(37

T — T T
103°10'0"E 103°20'0"E 103°30'0"E 103°40'0"E 103°50'0"E 104°0'0"E

|0||N

4

XBeach Bedlevel
e Bedlevel (7m to -11m)

e Water depth at boundary required more
than 10 m



METHODOLOGY

Geomorphology
Parameter

e Calibration of XBeach numerical
model
e Calibrated parameter are analised
. . . . . Parameters Description Default Range Used
using Brier Skill Scoring Analysis Value | Value | Value
Mkl ol I il
above water
Wetslope Critical avalanching slope 0.1-1.0
under water

Calibration factor time
averaged flows due to
wave skewness and
asymmetry
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RESULT
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NUMERICAL MODEL
The Set up of XBeach for Cherok Paloh beach
is calibrated accordingly and the BSS score
signifys that is sufficient to be replicated
onto other areas.

The Simulation is in line with the preliminary
study that identifies the area to be
experiencing coastal erosion with a rate of
greater than 5 m.

RECOMENDATION
Required a wave calibration and validation
for XBeach,







