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Abstract

This paper describes the morphodynamic changes that took place along Kuala Terengganu coastline over daily periods during
seasonal monsoons (onset of Northeast Monsoon in October 2014 and during Southwest Monsoon in May 2015). Cross-shore
beach profiles had been determined and foreshore sediments were sampled from two selected beaches; north of Kuala
Terengganu at Pengkalan Maras (PM) and another to the south at Kuala Ibai (KI). Based on the beach classification scheme,
PM appeared to be a spilling breaker type beach (&) with an Intermediate state (€2), whereas KI belonged to the plunging breaker
type (&p) with Intermediate-Dissipative state (£2). The beaches were dominated by coarse and fine sands at PM and K1, respec-
tively. The wave hydrodynamics on the southern beach (KI) was characterised by higher Hy, values, when compared to that in the
north (PM). This study investigated the impact of morphodynamic changes during seasonal monsoons, regardless of the presence
of coastal defence structures. Without any coastal defence structure (revetment), the PM beach exhibited attainment of equilib-
rium state, when compared to the KI beach. Therefore, coastal structures, such as revetments, directly modified the
morphodynamics at KI beach. The PM beach displayed the tendency for occurrence of erosion during the Northeast
Monsoon, while exhibited accretion during the Southwest Monsoon. This scenario differed from that noted at the KI beach,
which signified erosion during both seasonal monsoons. The study outcomes may assist in formulating an effective coastal zone
management plan for monsoon-dominated coasts, particularly sandy beaches.
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Introduction tide) (Kumar et al. 2012). Such sandy beaches, which serve as

natural sediment, tend to buffer for coastal system, along with

Kuala Terengganu beaches have sandy sediment (Rosnan and
Mohd Lokman 2005), in which the foreshore or intertidal
zone is a dynamic zone due to impact from human activities
(structures of the coast) and natural phenomena (wind, waves,
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the correlation of erosion (accretion) with high (low) energy
waves (Ariffin et al. 2016). The trend of waves depends on
seasonal variation; waves with low energy while calm, but
high energy upon storm (Ariffin et al. 2016; Castelle et al.
2015; Prasad et al. 2009; Saravanan and Chandrasekar 2010;
Vousdoukas et al. 2012). The phenomena of erosion and ac-
cretion (changes in beach) that occur due to the changing
season offer data to comprehend coastal processes, thus con-
tributing to better coastal management planning.
Nevertheless, the beach morphology that alters based on sea-
son and durations (short term: hourly/tidal cycle, daily, week-
ly; and long term: monthly and annually) demand close ob-
servations (Davis 1985). Masselink et al. (2007) asserted that
short-term observations mostly assess morphological variance
in the sandy beaches due to waves and tides in micro- and
meso-tidal conditions.

Stive et al. (2002) developed a storm model by observing
seasonal changes, as well as estimating rapid sediments
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erosion at storm and subsequent slower accretion at post-
storm. The application of this model for beaches is subject
to the varied seasonal wave energies. Beach morphodynamics
could be influenced by anthropogenic effect upon coastal re-
gion, including breakwater, harbours, groynes, revetments
and ripraps. Investigations on modern beaches, which are
linked with dense human habitation, may be applied as yard-
stick in identifying its morphodynamic and equilibrium
conditions.

As for the case of a beach with high-wave energy located
on the northern Moroccan Atlantic coast, called Charf el
Akab, displayed interesting relationship between increased
energetic events at winter storm and intense human activities
since past several years (Taaouati et al. 2011). At the East
Coast of Peninsular Malaysia, the human-dense Cherating
beach is not in equilibrium due to coastal erosion caused by
development of beach bar and high scarps (1-2 m). Typically,
high scarps are initiated due to impact of tides and high-energy
waves on modern beaches (Wong 1990).

Studies related to beaches seem to adopt the
morphodynamic system model in inching towards dynamic
equilibrium condition under steady force setting. Such models
predict the equilibrium state by depicting beach morphology
(Dean 1973; Masselink and Short 1993). These beach-system
models are used in vast researches in light of coastal
morphodynamics (Woodroffe 2002) ranging from three-
dimensional (3D) morphology to isolated environmental pa-
rameters. Some assessed beach morphology via direct visual
observations using models, which have led to categorisation
of beach states: dissipative, intermediate and reflective genres.
Upon linking forcing factors with observations of beach
condition, Wright et al. (1985) built a non-intricate predictive
model to group beach types. Gourlay (1968) proposed the
dimensionless parameter called Dean’s number, and was
later enhanced by Dean (1973) by embedding sediment and
wave features.

This present study characterised beach morphodynamics at
north and south of Kuala Terengganu located in Malaysia by
comparing their equilibrium states. This study is novel as it
adopted short-term observations during seasonal monsoons,
as other researches pertaining to Kuala Terengganu beaches
mainly focused on long-term investigations (see Ariffin
et al. 2016; Rosnan and Mohd Lokman 2005). The two
primary morphodynamic features that define the equilib-
rium state of a beach are: i) surf similarity index (&)
proposed by Battjes (1974) and Galvin (1968), and ii)
dimensionless fall velocity (£2) proposed by Dean (1973)
and Gourlay (1968).

Description of study area

This study assessed the northern and southern Kuala
Terengganu coasts located on the East Coast of Peninsular
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Malaysia and separated by the Terengganu River. The two
sandy beaches investigated refer to Pengkalan Maras (north)
and Kuala Ibai (south) (see Fig. 1) portray North-northwest to
South-southeast trending. Escalating human activities exert
adverse effects on these beaches and interrupt the dynamics
that control their equilibrium state, which lead to further ero-
sion. Unlike Pengkalan Maras, Kuala Ibai has a 3-m wide
revetment on its berm (vegetation area), which serves as coast-
al defence in addressing erosion issue. The structure has sub-
stantially modified its morphodynamic features, particularly
in beach slopes, apart from interrupting sediment transport
system and waves.

A beach is characterised by many surficial structures
formed by winds, wave processes and tides. Seasonal
winds locally occur as Northeast Monsoon (between
end of October and end of March), while Southwest
Monsoon occurs between beginning of May and end
of September (Ariffin et al. 2016). The properties of
wind-generated waves depend on wind conditions (Hill
2004), with beaches being exposed to predominantly
two seasons of wind waves; North-easterly winds during
Northeast Monsoon and South-westerly winds during
Southwest Monsoon (Kok et al. 2015).

Based on wind wave studies performed during the
Northeast and Southwest Monsoons in the Kuala
Terengganu area, significant wave heights (Hy) of 1.0-2.0 m
were recorded during Northeast Monsoon, while less than
0.8 m during Southwest Monsoon (Ariffin et al. 2018b;
Ariffin et al. 2016; Mirzaei et al. 2013). However, the tides
in this region are generally semi-diurnal and the setting can be
classified as micro- to meso-tidal, with Mean High Water
Spring (MHWS) of 3.28 m and Mean Low Water Spring
(MLWS) of 1.12 m (Ariffin 2017).

Methodology

This present study was conducted along the Kuala
Terengganu coastline, namely Pengkalan Maras (PM,
north) and Kuala Ibai (KI, south), during Northeast
Monsoon (late October 2014), and Southwest Monsoon
(late May 2015). Beach profiles and wave parameters
were analysed to record the morphodynamic features of
the selected beaches. Wave parameters were recorded on
October 2014 and May 2015 by using the wave modelling
(DHI 2011) modules (Mike-21 — Spectral Wave Flexible
Mesh). This wave modelling system had been employed
to retrieve the morphodynamic features from the selected
beaches during the stipulated monsoons. The breaking
wave height (H,) was predicted using wave height data
(H,) in deeper waters. As the subtidal zone displays a
broadly constant slope on the shoreface of Kuala
Terengganu, the breaking wave height was calculated by
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Fig. 1 Study area showing (a) two selected beaches on the Kuala Terengganu coast, namely; (b) Pengkalan Maras (PM) to the north and (c) Kuala Ibai
(K1) to the south of the Terengganu River, respectively. Each beach comprises five transects (T1 to T5)

using the formula proposed by Komar and Gauhan
(1972), as given in Eq. 1:

H,, = 0.39¢°2(TH2)™ (1)

where Hy, denotes breaking wave height, g represents ac-
celeration due to gravity, T refers to wave period, and Hy
reflects wave height in deep waters.

The morphodynamics are characterised using various pa-
rameters (environmental parameters) based on the model built
by Masselink and Short (1993) under maximum wave

conditions. Most studies applied environmental parameters
in estimating beach morphodynamics (e.g. beach state and
type of breaker) in accordance with beach slope, wave height
and wave period. Commonly, type of breaker is predicted
using the surf similarity index (&) (Battjes 1974; Galvin
1968), expressed in Eq. 2:

tan

= (Hp/Lo)"

(2)

where tan f3 is beach slope, while L is wave length; calculated
in Eq. 3 as:
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Ly =gT?/2x 3)

On a uniformly sloping beach, the breaker type is estimated
by spilling (&, <0.4), plunging (0.4 < &, <2) and surging
(& >2) (Battjes 1974; Galvin 1968). Wright and Short
(1984) introduced a criterion to estimate the state of beach
based on sediment grain size and wave height by applying
the dimensionless fall velocity (£2) proposed by Dean (1973)
and Gourlay (1968), as depicted in Eq. 4:

H,
Q= T 4)
where w is sediment fall velocity. Based on the models
developed by Dean (1973) and Gourlay (1968), the di-
mensionless fall velocity distinguishes reflective beaches
(2<1) from intermediate beaches (1 <2< 6) and dissi-
pative beaches (£2> 6).

Beach profile surveys were conducted for five days (28th
October - 1st November 2014), and four days (28th May - 31st
May 2015). The sample beaches were covered by five tran-
sects with 50-m spacing between the lines of transect (see Fig.
1). These beach profiles were measured from the berm (veg-
etation area) to the low-tide mark using Total Station instru-
ments (Topcon GPT-3100 N). The readings were adjusted to
DTGSM datum level, using beach volume and slope values
obtained from monitored profiles, which were analysed with
the Profiler 3.2 XL program (Cohen 2016).

This present study exclusively assessed the changes
in bed level solely for Transect 3 with collection of
sediment sample from middle of the beach. The mean
grain size (Dsp) of sediment, which was calculated via
GRADISTAT V4.0 program (Blott and Pye 2001), was
applied to calculate sediment fall velocity (wg) that
heavily relied on size of grain (Gibbs et al. 1971).

Results and discussion

The study outcomes are presented in two sections; wave char-
acteristics and beach morphodynamics. Characteristics of
wave contain types of wave breaker and wave height, both
relating to beach morphodynamics. The mean sediment grain
size (Dsg) is essential in determining the behaviour and
morphodynamics of beach. In determining the effect of
short-term beach morphodynamics on PM and KI during
monsoon season, the following aspects were analysed:
profile, gradients, volumes and state of beaches, as well
as changes in level of bed and types of breaker. In
comprehending the impact on coastal management,
changes in beach morphodynamic are briefly discussed
in light of adaptation of coastal defence subject matter.

@ Springer

Wave characteristics

The selected beaches displayed higher wave heights in
October 2014, when compared to the start of Northeast
Monsoon, while lower values were recorded in May 2015
during Southwest Monsoon. The essential wave heights (H)
during storms were below 3 m from near shore, but decreased
up to 2 m (see Fig. 2) during Northeast Monsoon (Ariffin et al.
2018Db; Ariffin et al. 2016; Mirzaei et al. 2013). Although no
sign of storm was noted for the monsoons, Fig. 3 illustrates
significant wave heights with a normal pattern and escalated
reading for Northeast Monsoon (Ariffin et al. 2016; Mirzaei
et al. 2013). These findings are in agreement with data re-
trieved for breaking wave height (H,) that displayed lower
values for Southwest Monsson than for Northeast Monsoon
(see Table 1).

The survey at PM beach in October 2014 recorded 0.52 m
and 0.68 m for average and maximum Hj, respectively. In
May 2015, the average and maximum Hg were 0.16 m and
0.21 m, respectively. The KI beach exhibited near similar
pattern of PM beach in October 2014, with 0.52 m and
0.66 m as average and maximum Hj reading, respectively.
The H; readings for KI beach in May 2015 were higher than
those for PM beach (PM: 0.23 m and 0.30 m for average and
maximum Hg values).

The highest energy-wave patterns noted at KI beach in
May 2015 displayed beach disequilibrium, when compared
to PM beach that portrayed low-energy wave trend. Calmer
waves seemed to be more intense in KI than that noted in PM
for both monsoon events (see Fig. 2). Such variance is attrib-
utable to the presence of revetment on berm that altered the
foreshore hydrodynamics (Kaliraj et al. 2013; Masselink and
Short 1993). In parallel to this, both beaches had near similar
breaking wave (Hy) values (see Table 1), but substantially
differing values for H.

Morphodynamics and behaviour of beaches

In October 2014 (Northeast Monsoon), the beach volume sig-
nified accretion in PM, while erosion in KI. In this period,
which reflects the onset of Northeast Monsoon, the PM beach
underwent recovery based on the sediment volume accretion
at post Southwest Monsoon in 2014 (Ariffin et al. 2016). In
May 2015 (Southwest Monsoon), the PM beach displayed
slight reduction in volume of sediment attributable to the ef-
fect of Northeast Monsoon in 2014-2015. Ariffin et al. (2016)
and Rosnan and Mohd Lokman (2005) claimed that beaches
begin its recovery during Southwest Monsoon (calm season)
and rely on the volume of sand available.

The beach volume for KI beach in October 2014 showed
that only Transect 4 (end of revetment) displayed some accre-
tion (see Fig. 1). Transect 5 exerted the worst erosion as it was
placed further from the end of revetment. Masselink and Short
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Fig. 2 A numerical model of significant wave height and direction with wave rose plotting (a) in October 2014 and (b) in May 2015

(1993) asserted that sea walls or revetments (any artificial
structure) alter shoreline by discarding sediments from the
coast. Nonetheless, the KI beach volume displayed slight re-
duction in its erosion during Southwest Monsoon in
May 2015 (only Transect 2 had accretion). It is also during
this particular monsoon that the beach starts its recovery pro-
cess by relying on the sand volume (see Fig. 4). Rosnan and
Mohd Lokman (2005) highlighted that erosion in beaches is a
primary source of sediment to supply long-shore transport
system in Terengganu coastal.

The beach gradient (tan (3) for October 2014—May 2015
survey duration (no storm) at PM and KI beaches displayed
minor variation (see Table 1). The KI beach had steeper slope
than the PM beach as the revetment on berm altered the
morphodynamics of beach at the foreshore zone (Kaliraj
et al. 2013).

To define the morphodynamic state from the quantitative
stance, both surf similarity index (;,) and Dean number 2
were calculated for each survey period (see Table 1).
Jackson et al. (2005) reported that increment in Hy, led to
higher Dean number €. Therefore, the Hy, values were higher
for Northeast Monsoon, in comparison to Southwest
Monsoon, upon reduction in this parameter (£2).

Nevertheless, different patterns of morphodynamic
states were observed at both selected beaches. The

morphodynamic state of PM beach was because of low
slope values, spilling breakers, and intermediate beach
state (low €2 readings). On the contrary, the surf similarity
index (&) at KI beach had been due to plunging breakers
caused by intermediate-dissipative beach state (higher Q2
readings) and higher slope values.

In comparing the two monsoon seasons, the &;, and Dean
number (2 values increased and decreased, respectively, for
PM beach. In KI beach, the comparison between the
monsoon seasons signified a decrease in both &, and Dean
number 2 values. Taaouati et al. (2011) and Aagaard et al.
(2005) mentioned that no major changes were noted in &, and
) values for beaches with gentle slopes despite the presence
of substantially high-energy waves.

Nevertheless, 2 values at KI beach escalated in October
2014, when compared to that recorded in May 2015 (PM:
lower € value). This is in line with Masselink and
Pattiaratchi (2001), who reported higher H and €2 values for
stormy conditions. At calm conditions, both Hg and €2 values
were lower.

Figure 5 shows the changes in morphodynamic for bed
level and beach profile noted at PM. The trend for October
2014 (Northeast Monsoon) was Accretion-Accretion-
Erosion-Accretion on the second, third, fourth and fifth day
of observations, respectively. In May 2015 (Southwest
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Table 1 Beach morphodynamic parameters
Month Ds( (mm) Hy, (m) tan 3 &b Q
PM KI PM Kl PM  KI PM KI PM KI
Oct-14 0.51 0.22 136 137 003 0.15 021 1.08 2.01 6.75
May-15 0.54 0.22 053 056 0.04 017 025 0.84 1.54 5.34
Mean Grain Size  Coarse Sand ~ Fine Sand  — - - - - - -
Breaker type - - - - - Spilling  Plunging — -
Beach state - - - - - - - Intermediate  Intermediate-Dissipative

Monsoon), only the fourth day of observation displayed
Erosion-Accretion-Erosion pattern. Based on the changes in
bed level from 28 October until 1 November 2014, a plateau
was noted for the beach profile with active region at 25 m
distance. However, the conditions appeared to be more dy-
namic for 25 m — 50 m distance interval, mainly because the
zone lies between MHWS and MLWS tide levels.

Meanwhile, the morphodynamic changes in KI dif-
fered from those reported for PM, especially in terms
of bed level during similar monsoon periods (see
Fig. 6). Changes in bed level for October 2014
(Northeast Monsoon) and May 2015 (Southwest Monsoon)
signified Erosion-Erosion-Accretion-Erosion on the second,
third, fourth and fifth day of observation (in May 2015, similar
pattern with October 2014). By observing the change in bed
level from 28 until 31 May 2015, the beach profile with active
region corresponded to dynamic zone that started at a distance
of 15 m from the revetment (i.e. MLWS tide level) and further
extension to 30 m.

From the recorded bed level change and beach state, the
PM beach displayed the tendency to be at equilibrium state,
along with low constant beach gradient and natural high-
energy wave conditions. Nevertheless, disequilibrium state
was noted for KI beach due to constant bed level changes
trend, constant erosion, and nil beach recovery for both mon-
soon seasons. The hydrodynamics for KI beach was altered

 Oct-14
& May-15

|

Volume m*/L.m
o

2

3 T T2 T3 T4 TS

I 1 & L

due to the presence of revetment, which resulted in higher Hg
value for Southwest Monsoon (Kaliraj et al. 2013; Masselink
and Short 1993).

Minor variances was discovered for October 2014-May
2015 in terms of sediment size (Dsg), with fine and coarse
sands noted at KI (south) and PM (north) beaches, respective-
ly (see Table 1). These outcomes contradicted the reported
distribution of sediment size by Rosnan and Mohd Lokman
(2005), wherein fine and coarse sands were observed at north-
ern and southern sites, respectively. In 2005, the northern
studied area had no compact coastal structures or develop-
ment, in comparison to years after 2010 upon the noted pro-
gression (Muslim et al. 2011).

Adaptation of coastal defence

An inclusive coastal management system is of paramount im-
portance, primarily because the beach erosion phenomenon
has become an uprising issue. The objective in adaptation of
coastal defence is crucial to protect the coastlines from devas-
tating erosion. In order to implement coastal defence, it is
pertinent for a coastal engineer to understand, initially, the
behaviour of beach morphodynamic prior to implementing
any structural plan. In fact, a number of successful adaptation
of coastal defence have been reported, such as that in Greece
(Alexandrakis et al. 2015), England (Karunarathna et al.
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Fig. 4 The cumulative beach volume at a) Pengkalan Maras beach and b) Kuala Ibai beach during October 2014 and May 2015
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Fig. 5 Levelling surveys along Transect 3 of beach profile at Pengkalan Maras, (a) during October 2014 and (b) during May 2015, showing (i) beach
profile; (ii) bed level change between 28 October and 1 November 2014; and (iii) bed level change between respective daily observations

2011), and Colombia (Rangel-Buitrago et al. 2017). Only a As for the case in Malaysia, proper planning for adaptation
handful have probed into the monsoon event, such as that  of coastal defence through implementation of a series of
portrayed in India (Thiruvenkatasamy and Baby Girija  breakwater along the coastline has been carried out. Such
2014), and Thailand (Saengsupavanich 2013). adequate planning has been installed after the failure of an
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ad-hoc project (i.e. ripraps and revetments) that was conduct-
ed to mitigate beach erosion (Ariffin et al. 2018b). After
weighing in the sandy beach environment and the dy-
namic challenge of the direct exposure of the coastline
to the open South China Sea (Ariffin et al. 2018a),
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adaptation of coastal defence demands comprehensive
details and careful understanding. Thiruvenkatasamy
and Baby Girija (2014) asserted that coastal defence
implementation generates heavy accretion near to the
northern and southern of breakwater. This study reveals
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the successful approach based on the intensive study of
beach behaviour under monsoon environment imple-
mented in India.

This study recommends that both short- and long-term anal-
yses should be performed with cooperation of the government
and several related research organisations. Hence, good coop-
eration with many stakeholders emerges as the best approach
to mitigate programs in line with the present implementation
across many countries in the world (Alexandrakis et al. 2015;
Ariffin et al. 2018b; Ariza et al. 2014; Rangel-Buitrago et al.
2017; Saengsupavanich 2013; Saengsupavanich et al. 2009;
Thia-Eng 1998; Thiruvenkatasamy and Baby Girija 2014).

Conclusion

This study looked into the morphodynamics of beach, which
could be altered due to presence of interrupting artificial struc-
tures. Upon comparison, Pengkalan Maras appeared to be
closer to equilibrium than Kuala Ibai, which displayed revet-
ment at the backshore zone. The Kuala Ibai hydrodynamics
had higher energy waves during the Northeast Monsoon,
when compared to that in Pengkalan Maras that portrayed
calmer climate. Additionally, disruption in the recovery pro-
cess was noted along Kuala Ibai beach due to the Southwest
Monsoon. Thus, in order to overcome poor beach recovery
issues, building of revetments or ripraps or coastal defence is
hindered, while favouring vegetation or berm-based develop-
ment at the coastal region. Despite the extended time con-
sumption to gain benefit, such development does not adverse-
ly affect morphodynamics around the region, but contributes
to beach recovery at a normal pace.
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