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ABSTRACT

Coastal erosion prediction in mixed sediment environments, encompassing cohesive
(mud) and non-cohesive (sand) components, poses a critical challenge in coastal
engineering projects. This research aims to address the issue by achieving four main
objectives. Profiles of shoreline and elevation changes were produced using UAV
photogrammetry techniques. The data was processed by the Pix4D and Global Mapper
application tools, offering valuable insights into coastal dynamics at Pantai Punggor,
Batu Pahat, Johor, which is known for erosion. The results revealed that Zone C
exhibits accretion of 0.726 m, while Zone D experiences the highest erosion rate (-
12.073 m). Volume changes indicated an increase in Zone A, while Zone D showed
the most significant erosion. The research achieved Objective 1 by producing shoreline
and elevation change profiles. Sediment analyses in Objective 2 revealed poor
sediment characteristics in Zone D that contributed to significant changes in its
shoreline evolution. Objective 3 assessed the coastal erosion using Dean numbers (N).
Zone D had the highest erosion (N = 8.879), and Zone A had the lowest accretion (N
= 0.138). However, there was a limitation in the Dean equation as data from the mid
tide (MT) and low tide (LT) levels, consisting of sand-mud sediment, exceeded the
range for sandy beaches. Objective 4 was achieved by developing a new formulation
for erosion and accretion assessment, namely the Nmr equation, derived from physical
tests. The Nwmr values ranged from 1.06 in Zone A (accretion) to 3.73 in Zone D
(erosion). A confirmation test validated the Nwmr equation, aligning with the observed
pattern. The uniqueness of the novel equation overcame the limitations, providing a
reliable tool for evaluating sand-mud sediment erosion. In conclusion, even though
coastal evolution can influence erosion and accretion areas, there is a lack of studies
on this type of sand-mud coast, and the erosion mechanism is still not clearly
understood. This research fills in the gaps by offering sedimentary analyses, including
sand-mud sediment, which will aid in the development of better knowledge of how

coastal morphology changes occur.
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ABSTRAK

Ramalan hakisan pantai dalam persekitaran campuran sedimen, merangkumi
komponen berjeleket (lumpur) dan tidak berjeleket (pasir), merupakan cabaran kritikal
dalam projek kejuruteraan pantai. Penyelidikan ini bertujuan untuk menangani isu ini
dengan mencapai empat objektif utama. Profil perubahan garis dan aras pantai
dihasilkan menggunakan teknik fotogrametri UAV. Data diproses oleh aplikasi Pix4D
dan Global Mapper, menawarkan maklumat mengenai dinamik pantai di Pantai
Punggor, Batu Pahat, Johor yang terkenal dengan hakisan. Keputusan menunjukkan
bahawa Zon C mengalami penambakan 0.726 m, manakala Zon D mengalami kadar
hakisan tertinggi (-12.073 m). Objektif 1 tercapai dengan penghasilan profil perubahan
garis pantai dan arasnya. Analisis sedimen di dalam Objetif 2 mendedahkan ciri-ciri
sedimen yang lemah di Zon D menyumbang kepada perubahan ketara dalam evolusi
garis pantai. Objektif 3 menilai hakisan pantai menggunakan formulasi Dean (N). Zon
D mempunyai hakisan tertinggi (N = 8.879), dan Zon A mempunyai penambakan
paling rendah (N = 0.138). Walau bagaimanapun, terdapat had dalam formulasi Dean
apabila data dari aras air pasang pertengahan (MT) dan air surut rendah (LT), yang
terdiri daripada sedimen pasir-lumpur, melebihi julat untuk pantai berpasir. Objektif 4
dicapai dengan membangunkan formulasi baru untuk penilaian hakisan dan
penambakan, iaitu persamaan Nwmr, yang diperoleh dari ujian fizikal sedimen. Nilai Nms
berkisar dari 1.06 di Zon A (penambakan) hingga 3.73 di Zon D (hakisan). Ujian
validasi mengesahkan persamaan Nwt, selari dengan pemerhatian. Keunikan formulasi
baru ini mengatasi hadnya, menyediakan kaedah penilaian hakisan sedimen pasir-
lumpur. Kesimpulannya, walaupun evolusi pantai boleh mempengaruhi kawasan
hakisan dan penambakan, terdapat kekurangan kajian berkaitan jenis pantai pasir-
lumpur ini, dan mekanisme hakisan masih belum difahami dengan jelas. Penyelidikan
ini mengisi jurang kekosongan dengan menawarkan analisis sedimen, termasuk
sedimen pasir-lumpur, yang akan membantu dalam pembangunan pengetahuan yang

lebih baik tentang bagaimana perubahan morfologi pantai berlaku.
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CHAPTER 1

INTRODUCTION

1.1 Research background

Coastal or beach morphology addresses the evolution of coastal features, such as
sediment (sand and silt-clay) and their interaction with hydrodynamics, which is an
important subject in coastal studies. The soil sample is the earliest part of soil testing
and the foundation for information derived from laboratory analyses, soil test
interpretations, and recommendations. Beach topography, its geometric properties,
and estimates of eroded and deposited sand volumes will be the early significant output
of the study that will lead to the identification of erosion areas and sediment
characteristics.

Coastal erosion is defined as sediment loss with the wearing away and
transportation of sediments. It is related to the inland displacement of the sea/land
contact point (i.e., the mean sea level) where the shoreline is being pushed inland due
to the effects of wind, current, and wave (Prasad & Kumar, 2014; Morner & Finkl,
2019). Shoreline change analysis and coastal erosion prediction are significant for
integrated coastal zone management and development plans in the coastal area, as well
as for coping with the phenomena of sea level rise and climate change.

Mentaschi et al. (2018) conducted an evaluation of coastal morphodynamics
over 32 years (1984-2015) based on satellite observations and found that eroded land
is twice the gained land. Their results exposed that anthropogenic factors are projecting
drivers of global coastal morphological change trends. Coastal morphology modifies

flood hazard; future flood risk depends on changing shoreline position, and a very



substantial role is played by beach morphology through its impact on the delivery of
wave energy to the base of the cliff (Earlie et al., 2018; Pollard et al., 2018).

Previous studies (Liu et al., 2013; Tamassoki et al., 2014; Aryastana et al.,
2018) primarily relied on historical data from satellite or airborne sensors to map
coastal morphology in terms of land cover and three-dimensional structure. Both
satellite and airborne sensors face their own unique challenges when it comes to
mapping coastal morphology. However, in the context of the previous studies
discussed, the use of satellite data appears to be the most challenging method for
mapping coastal morphology. The availability of satellite data is subject to specific
acquisition schedules and limited spatial coverage, which may not align perfectly with
the needs of studying coastal morphology. Additionally, satellite data may not always
provide up-to-date information, especially in rapidly changing coastal environments
where timely data is crucial. The high costs associated with satellite data can limit the
extent and frequency of data collection, potentially leading to outdated or incomplete
information. Resolution limitations pose another challenge for satellite data. While
satellite imagery can provide valuable insights into coastal morphology, the resolution
of satellite sensors may not be sufficient to capture fine-scale details. Airborne sensors,
on the other hand, offer advantages such as higher resolution and more flexible
acquisition schedules. However, airborne data collection has its own challenges,
including cost considerations and logistical constraints associated with deploying and
operating airborne platforms. Therefore, while both satellite and airborne sensors face
challenges, the use of satellite data appears to be the most challenging method for
mapping coastal morphology in the previous studies mentioned.

Malaysia is a maritime nation, which is made up of 13 states of Peninsular
Malaysia (referred to as West Malaysia), Sabah and Sarawak (referred to as East
Malaysia), and the Federal Territories of land-locked Kuala Lumpur and the island of
Labuan. The coasts of Malaysia experience enormous and numerous environmental
and ecological problems due to massive development. Shoreline erosion has changed
the coastal morphology, with extensive development of microcliffs and shelly beaches.
The main factors influencing beach morphodynamics and coastal erosion in Malaysia
are wave climate, topography, and sediments (Sa & Boon, 2010; Yanalagaran &
Ramli, 2018; Ehsan ef a/.,2019). The main government departments with a sectoral

interest in coastal issues are the Department of Irrigation and Drainage (DID), the



Department of Environment (DOE), the Town and Country Planning Department
(TCPD), and the Department of Fisheries (DOF) (Asmawi et al., 2015).

The National Coastal Erosion Study (NCES) was completed in 1986, and the
study findings revealed that out of the country's total coastline of 4,809 km, about 29%
or 1,380 km faced erosion problems. In order to tackle this problem, the Government
established the Coastal Engineering Technical Centre within the DID in 1987 to
implement the Coastal Erosion Control Program for the whole country. Realizing the
increasing trends of coastal erosion and conflicts, the Government of Malaysia through
the DID planned the Integrated Shoreline Management Plan (ISMP). The objectives
of ISMP are as follows: 1) Appraisal and selection of coastal development
management strategies, 2) Appraisal and selection of defense options for the coastline,
and 3) Formulation of specific guidelines and policies for development activities/
proposals in the coastal area. The status of ISMP implementation for West Johor was
completed in 2012. Coastal protection structures had been implemented in West Johor
Coast, such as rock revetment, soft rock structure, gabions wall, Labuan Blocks,
geotubes, bakau/nibong stakes, seawalls, and spun piles (DID, 2005; Ainee et al.,
2014; Mokhtar et al., 2020; DID, 2019).

In the current literature, several initiatives have been done by the government
for mitigation and preparedness for coastal erosion. However, the government through
DID needs to establish a continuously effective coastal erosion management and
monitoring system, which can then be used to guide the stakeholders concerned to
balance environmental and economic needs. As stated in the ISMP report (DID, 2005),
the main issue encountered in the use of coastal protection structures is that they
require regular maintenance at least twice a year after the passing of each monsoon.

Cohesive sediment exhibits distinctly different physicochemical characteristics
from non-cohesive sediment. Pure cohesive and non-cohesive sediments have been
widely investigated in the literature, while mixed cohesive and non-cohesive
sediments are less commonly understood. Therefore, the erodibilities of cohesive and
non-cohesive sediments have been researched separately over the past few decades
(Ledden et al., 2004; Le Hir et al. 2008; Le Hir et al., 2011; Perera et al. 2020). This
segregated research has significant implications for accurately determining erosion.
Hence, it is essential to subject the sediment to geotechnical testing to ascertain its

properties before conducting further erosion analysis.
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