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Dynamic Visualization of Beach Morphology in Wave 
Overtopping over Coastal Structures  

A Ismailluddin1, E H Ariffin1,2, S A T Hikmatullah3, M F Abdul Haris1, A 
J Razak2, S Ratnam4, L S Yun1, M H M Shukri1 and M Z Ramli3 

1 Faculty of Science and Marine Environment, Universiti Malaysia 
Terengganu, 21030, Kuala Nerus, Terengganu  
2Institute of Oceanography and Environment, Universiti Malaysia Terengganu, 
21030 Kuala Nerus, Terengganu, Malaysia 
3Institute of Oceanography and Maritime (INOCEM), International Islamic 
University Malaysia, Kampung Cherok Paloh, 26060, Kuantan, Pahang, 
Malaysia, Malaysia 
4 Centre for Marine and Coastal Studies, Universiti Sains Malaysia (USM), 
11800, Penang, Malaysia 
Corresponding author’s email: effihelmy@umt.edu.my 

Abstract. Wave overtopping of coastal structures depicts a hazard for community, property, and infrastructure 
within the vicinity of low land areas. Given the growing threat of climate-change-induced floods, the wave 
attacks, particularly in Kelantan low-lying areas, can substantially affect the occurrence of wave overtopping at 
various coastal structures. Hence, a precise prediction of wave overtopping for different coastal structures is 
essential to protect community and property nearby the coastal structure areas. Smoothed Particle 
Hydrodynamics (SPH) method using DualSPHysics was conducted to simulate wave overtopping on flow 
thickness, velocity, and volume discharge. Understanding the complexity of beach dynamics and hydrodynamic 
characteristics were assessed using Profiler 3.2 XL and MIKE-21 to determine the current beach morphology 
with existing coastal structures and gain better insights into the dynamic visualization of wave overtopping. The 
result shows that the variation of the beach morphology throughout the storm event greatly influences the wave 
flow and velocity, while the wave overtopping discharges are influenced mainly by the defending of coastal 
structures to impede the wave overtopping water drains discharge inland. This study demonstrates the most 
desirable choices concerning the effectiveness of coastal structures design and types are profound in coastal 
erosion and flood management purposes visually and realistically. 

Keywords: Coastal structures, DualSPHysics, SPH, numerical modelling, wave overtopping. 
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INTRODUCTION

CLIMATE 

CHANGE IS 

THE BIGGEST

THREAT WE’RE 

FACING -

PERIOD

Sea level rise and its impacts in the coastal areas 
(Ehsan et al., 2019)



Sea Level Rise?
An increase in global mean sea level as a result 
of an increase in the volume of water in the 
world’s ocean 

Impacts of sea level rise

• Wet land loss

• Salt water intrusion

• Loss of habitat

• Contamination of agriculture 

soil

• Loss of low lying lands

• Coastal erosion

• Powerful storm surges

Low-lying coastal communities are vulnerable to 

flooding & erosion due to elevated water level, large 

battering waves or the combined effect of storm 

events 
(Kirshen et al., 2008; National Research Council, 2009; NOAA, 2018). 

So, who is the most impacted?

IPCC:  globally 

sea level has risen 

by 2.4 mm to 3.8 

mm (per year).



If sea level rise cannot be stopped, 

what can be done about it?
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IPCC adopted a strategies:



Structural failures of coastal defenses, coastal erosion & 

Coastal flooding under the scenarios of: 

(1) The water level exceeds the crest elevation of coastal 

defenses

(2) Waves rush up the shore and overtop the crest of coastal 

defenses

(3) Coastal defenses are breached or undermined

Depicts a hazard for community, property, and 

infrastructure behind the coastal structure area.
(Sallenger, 2000; Zou et al., 2013).



Low-Lying Area
(Department of Minerals and 

Geoscience Malaysia, 2003;Nazaruddin 

et al., 2014) 

Malaysia- land area of 330,000 km2 & a coastline of 4800 km. 

About 70% of the total population live in the coastal zones.

Sea Level Rise 

Trend in Malaysia

NAHRIM, 2010:  

Malaysia sea level 

has risen by 2.73 

mm to 7.0 mm 

(per year)

Coastal floods - 2 mechanisms, tidal effects causing sea water flow

inland (wave overtopping) & low-lying area



Coastal Structures in 
Kelantan



PROBLEM STATEMENT JUSTIFICATION

The detailed post overtopping 

processes on coastal structures 

are not fully understood 

Wave overtopping studies play a key 

role in planning and design of coastal 

structures

(Subramaniam et al., 2021)

Limited study of effectiveness of 

coastal structures in low land area
- Prevent & minimize the wave attack 

impact

Important reference to helping 

authorities in coastal planning and 

development in the future

Lowland vulnerable to wave impact



Objective Hydrodynamic 
Characteristic 
(Wave)

Wave Overtopping

Beach Morphology 
Characteristic



Selected research area

➢ Sensitive area 

(settlement area)

➢ Present of coastal 

structure (Rock 

Revetment; groyne, 

seawall)

Kelantan

• Kota Bharu

• Bachok

• Pasir Puteh

5 Sampling Stations

- 5 transect lines (50 m 

interval)

Research Area



Methodology

Beach Morphology 
Characteristic

Hydrodynamic
Characteristic (Wave)

Wave Overtopping

Profiler 3.2 XL
(Cohen, 2016)



PRELIMINARY RESULT

Beach Morphology 
Characteristic



K1: Pantai Cahaya Bulan



K2: Pantai Sabak



K3: Pantai Nusuk



K4: Pantai Irama



K5: Pantai Tok Bali



Next step?

Run Hydrodynamic Simulation

Run Wave Overtopping
Simulation



Suzuki et al. (2017), the simulation of
wave overtopping generally capable of
estimating the instantaneous wave
overtopping event and water discharge
over impermeable structures which
important requirement of implementation
of new coastal structures with reducing
coastal flood risk.

Overtopping phenomenon - passing of 
water over the crest of natural beach or 
top of structure as a result of wave 
runup or surge action 

Intensity of the mean overtopping event
impact during extreme event and
frequency of extreme surge events
which can lead to severe overtopping
hazards
(Dong et al., 2020; Abolfathi et al., 2016, 2018, 2020; Cheon and 

Suh, 2016; Chini and Stansby, 2012). 
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