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Abstract

Soil erosion refers to the soil removing process, from the terrain surfaces. It is the results of
the combined effects of energy from rainfall and runoff, topography, soil properties and land
uses. The process is greatly enhanced by human activities such as extensive agriculture,
urbanization construction, and inappropriate farm and crop management practices. Soil loss
from continent entering marine waters could affect marine fisheries. Erosion or soil loss on
Pulau Payar was estimated using Revised Universal Soil Loss Equation (RUSLE) based on
rainfall and site investigation of the soil and slope characteristics. Soil loss from a fully
covered forest dominated by natural erosion process which was estimated about 3.52
ton/ha/year, which is considered as non-significant erosion to low erosion. While, for the
worst case scenario of a fully disturbed area, land clearing and bare soils would give an
estimates of 9,813 ton/ha/year. Medium disturbance, for example, will create a medium
erosion of 801 ton/ha/year. Based on these scenario of land uses' activities, Pulau Payar should
be kept at a minimal disturbance in order to minimize the impact of siltation on the surrounding
marine environment.
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1. Introduction

Soil erosion is one of the most significant forms of land degradation (soil truncation, loss of
fertility, slope instability), greatly influenced by land use and management (Bini et al. 2006;
Xu et al. 2011). Soil erosion is considered to be the results of the interplay and the combined
effect of mainly three factors i.e.; a) energy of rainfall, or erosivity, b) resistance offered by
the soil or erodibility, and c) protection offered by the vegetative cover (Morgan, 1979;
Wischmeier and Smith, 1978). Hadley et al. (1985) stated that water erosion occurs if the
combined power of rainfall and overland flow exceeds the resistance of the soil to detachment.

Erosion can occur naturally or be intensified primarily due to human activity, such as land
clearance and forest disturbance (Bodo et al., 2021). The erosional patterns in the humid
tropics are significantly influenced by the level of human disturbance, as stated by Juarez in
1990. Erosion and sedimentation are natural processes. These processes are caused by wind
and water and happen every day on every terrain. On the other hand, natural erosion typically
only becomes apparent over geologic time scales. Construction, farming, and logging are
examples of activities that disturb the soil surface and significantly increase the amount of
sediment lost from the site as a result of erosion (Price and Karesh, 2000).

Under humid tropical region, less water erosion when the natural protection offered by lush
vegetation remains intact. Nevertheless, as a result of the intense rainfall, the erosion potential
in this location is great and severe, and it will become evident when the vegetation is disturbed
(El-Swaify and Dangler, 1982). Rainstorms in the humid tropics exhibit a significant level of
intensity, often reaching 150-200 mm/hr (Lal, 1976). Due to human disturbances and the
nature of the erosive power of humid tropical rainfall, Asia is regarded to have the highest rate
of erosion with an overall annual sediment loss of about 166 t/km? as compared to 47,43 and
93 t/km? respectively for Africa, Europe and South America (Erman and Mahoney, 1983).

1.1. Siltation in rivers and marine environment

There is no question that the siltation of the coastal marine environment, watershed
deterioration, and silty rivers are related. Nonetheless, this receives comparatively little
scholarly attention. Scientists have only looked at a few instances of siltation harm to tropical
coastal marine species, despite the substantial economic importance of coastal marine life
(Hodgson and Dixon, 2018). Fish and invertebrate biomass and diversity will eventually
decline as a result of siltation of the marine environment.

Rivers, coastal ecosystems, and marine environments are affected by erosion from land masses
(Syvitsky et al., 2022; Morrison et al., 2009). Suspended sediment in water column influence
the quantity of light that travels through water over a specific distance known as turbidity or
clarity of water. The size of suspended particles influences the color and clarity of water. Both



Research in Marine Sciences 425

non-point sources such as storm-water runoff, stream erosion, agricultural runoff, urban
runoff, and soil leaching; and point sources such as building projects and industrial or sewage
treatment plant discharges, contribute suspended solids/sediments. Soil organic, for instance
bacteria, algae, plankton, and zooplankton; and inorganic particles, such as clay, silt, and sand,
are examples of suspended materials (Kennicutt, 2017). Understanding the mechanisms
affecting these marine resources' very existence and survival is a step toward improving
scientific knowledge of marine biodiversity for the sake of conservation and sustainable
management in coastal and marine zones with turbid waters.

Total suspended solids (TSS) and chlorophyll-a (Chl-a) are the two main water quality metrics
that have a major impact on the coral ecosystem both directly and indirectly (Maslukah et al.,
2023). The TSSs are defined as that material indefinitely suspended in solution but retained
on a sieve size of two micrometers (2 mm). Settleable solids refer to material that does not
remain suspended or dissolved when water is motionless. Settleable solids may include large
particulate matter or insoluble particles. The total inorganic and organic substances dissolved
in water are called total dissolved solids (TDS) (Kennicutt, 2017). The distribution of total
suspended solids (TSS) in surface waters is a common source of information for scientists and
environmentalists on the health and state of a body of water (Anisah Lee and Yasin, 2000) and
TSS provides a direct measurement of observable physical pollutants throughout time and
space (Wirabumi et al., 2021).

The objective of this study is to estimate the probable impact of land use changes of the Pulau
Payar on the potential soil erosion state using USLE model.

2. Material and Methods

2.1. Study Site: Pulau Payar Marine Park

Pulau Payar Marine Park has placed off the coast of Kedah, between Pulau Langkawi and
Pulau Pinang (Figure 1). Pulau Payar is the largest (31.2 ha) of three islands in a group called
the Payar-Segantang Groups of Island which consists of Pulau Payar, Pulau Kaca and Pulau
Lembu (Aikanathan and Wong, 1994). It has located on the north west coast of Peninsular
Malaysia and lies at latitude of 6° 03’N-6° 05°N; longitude 100° 02°E — 100° 04’E,
approximately 35km off the coast of Kedah (De Silva and Ridzwan, 1982).

The average length of Pulau Payar is approximately 1.75km and width of 0.5km (Figure 2)
and rise to some 80-90m above sea level at its highest point. The topography of the island is
as such that it rises up a steep gradient from the shoreline. The entire island is covered with
dense vegetation while it has been thinned out due to logging activities (De Silva and Ridzwan,
1982). Pulau Payar itself is a small island with very few low-lying areas and beaches, as the
land rises at a steep gradient from the shore. Coupled with the lack of freshwater sources on
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the island, this seems to have deterred any accommodation development on the island
(https://www.fao.org/4/ X5626E/x5626e05.htm).
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Figure 1. Pulau Payar Marine Park located off the coast of Kedah, between Langkawi and Pulau
Pinang, consisting three islands (Source: Anisah Lee et al., 2016).
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Figure 2. The topography of the Pulau Payar
2.1.1 Rainfall

Rainfall distribution for Pulau Payar could be regarded as similar in its distribution with
Langkawi Island. Rainfall in dry period was observed in the January and February; each
months having less than 40mm rainfall. January is the driest month with a mean rainfall of
18.2mm (Figure 3). The wet season started in southwest monsoon, where in May rain started
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be more than 200 mm per month. The rainfall peaked in October with the highest average
377.1 mm. It is noticeable that only one peak of rain was observed as compared to a two
peaked distribution in other Malaysian sites (Ismail, 1997). The average 24-hour temperature
ranges from 26.8 "C in October to 28.3 'C in March. The average annual rainfall is plotted in
Figure 4. The mean long term rainfall at Langkawi is 1905.6 mm (1973-2015).
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Figure 4. Annual Rainfall at Padang Matsirat, Langkawi from 1973-2015. Mean annual rainfall is
1906.5mm (red line).

2.2. Model description

One of the most common methods of estimating soil erosion is the Universal soil loss equation
(USLE). USLE may be written as:

E=f(C K T,L)

where, E is the average annual erosion expressed in ton/ha/yr, C is the climatic factor (rainfall
erosivity), K is the soil factor (erodibility), T is the topography factor comprised of slope
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gradient and slope length,and L is the land utilization factor that expresses the plant cover in
relation to bare soil (Seckler, 2015).

The climate C factor is represented by rainfall erosivity R; soil factor is represented by the
erodibility K,topography T could be represented by slope length (L) and slope gradient (S);
and land utilization L could be represented by the cropping factor C, and management
practice, P. USLE is therefore one of the methods used to estimate soil loss from land use
category. The USLE method is based on the six factors above (Stefanescu et al., 2011).

So now, erosion is the product of all six parameters above,

E=RxKx(LS)xCxP 1)
where;

E is soil loss in tons/halyr,

R is rainfall and runoff erosivity factor in MJ.mm /(ha.hr),K is soil erodibility in
t.h/(MJ.mm),

LS is slope length and slope steepness,C is cover management, and P is support practice.
C is cover or crop management, and P is support practice factor.

The Universal Soil Loss Equation (USLE) predicts the long-term average annual rate of
erosion on a hillslope based on rainfall pattern, soil type, topography, crop system and
management practices. The USLE only predicts the amount of soil loss that results from sheet
or rill erosion on a single slope and does not account for additional soil loss that might occur
from gully, wind, or tillage erosion (McKague, 2023).

3. Results

3.1. Rainfall erosivity factor (R)

The rainfall and runoff erosivity index (R) factor represents the erosivity occurring from
rainfall and runoff at a particular location (Renard et al., 2011). Rainfall is one of the main
drivers of soil erosion by water (Meusburger et al., 2012). In the USLE, the R factor
quantitatively explains the impact of rainfall on the soil surface. R is the average of the annual
summation of the erosion indices (El) at maximum 30-minute rainfall intensity (Wischmeier
and Smith, 1978).

In the original form of Revised Universal Soil Loss Equation (RUSLE), R factor is computed
as the average annual sum of the erosivity of the individual storms, which is calculated as the
product of total storm energy and maximum 30-min intensity (Wischmeier and Smith, 1958).
Recent guidelines on erosion and sedimentation control in Malaysia (DID, 2010) have
produced map of rainfall erosivity areas in Kedah, Perlis and Pulau Pinang (Figure 5).
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3.1.1 Determination of Rainfall Erosivity, R, Factor

Rainfall is one of the main drivers of soil erosion by water (Meusburger et al., 2012). In the
USLE, the R factor quantitatively represents the impact of rainfall on the soil surface. R is the
average of the annual summation of the erosion indices (EI) at maximum 30-minute rainfall
intensity (Wischmeier and Smith, 1978). Rainfall erosivity (R) map has been produced by the
erosion study guidelines as shown in Figure 5. The R value for Langkawi and Pulau Payar fall
between 10,000 -11,000 (MJ.mm)/ ha.hr (DID, 2010).

3.2. Rainfall erodibility factor (K)

Soil erodibility factor (K) is related to the combined effect of rainfall, runoff, and infiltration
on soil loss. This represents the effect of soil properties and soil profile characteristic on soil
loss (Renard et al., 2011). Soil type of the proposed site based on sample investigation
following the slope transect above. The soil content was then used to calculate K factor.

Soil samples from the three transects were analysed using the soil hydrometer testing
sedimentation method (ASTM D422-63, 2007). The method is based on Stoke’s Law, that
calculates the particle' sizes from speed at which they settled out of suspension from a liquid,
that gave the percentages of clay, silt and sand. The percentage of coarse sand and fine sand
was estimated at 44% each, 7.3% silt and 4.7% for clay. These values are used for determining
the structure of soil s, in diagram Figure 6. The structure, "s" for the site is classified into a
Class 3 for silty loam soil.

R Factor MJ.mm)/ ha hr.
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Figure 5. Rainfall erosivity map for Kedah, Perlis and Pulau Pinang. The R value for Pulau Langkawi
area is 10000 -11000 (MJ.mm)/ ha.hr (DID, 2010).
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Figure 6. Diagram of soil structure, "s" (DID, 2010).

The calculation for K factor was done using the following formula
K = [1.0x10* (12-OM) M4 + 4(s - 3) + 8.0(p -
OM = between 3-6% from the literature, average value used is 4% (Azlan et al., 2012).

M is calculated from the equation (%sand + % silt) x (100-%clay)

M = (44 +7.3) x (100-4.7) =51.3 x 95.3 = 4888.9
For s=3, p=4

2)]/100

K = [(0.0001x 8.0x 4888.914) + (4 x (3-3) + 8 (4-2)]/100 = 0.28

K = [(0.0001x 8.0x 16058.34) + (0 + 8(4-2)]/100

K =(12.847 + 16) /100 = 0.288 (ton/ac.)*(100ft.ton.in/ac.hr)

For s=3, p=6

K = [(0.0001x 8.0 x4888.9414) + (4 x (3-3) + 8 (6-2)]/100 = 0.32

K = [(0.0001x 8.0x 16058.34) + (0 + 8(6-2)]/100

K =1[(12.043) + (32)]/100 = 0.44 (ton/ac.)*(100ft.ton.in/ac.hr)

Minimum K= 0.28 (ton/ac.)*(100ft.ton.in/ac.hr)
=0.288 x (1/7.59)
= 0. 038 (ton/ha)(ha.hr/MJ.mm)
Maximum K= 0.448 (ton/ac.)*(100ft.ton.in/ac.hr)
Max K = 0.448/7.59
= 0.059 (ton/ac.)*(100ft.ton.in/ac.hr)

)
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Therefore, K values obtained is 0.038 (ton/ha)(ha.hr/MJ.mm) when permeability = 4
(medium) and 0.059 (ton/ha)(ha.hr/MJ.mm) when p = 6 (fast)
3.3. Length of slope

LS is the product of slope length and slope steepness.

3.3.1 Determining LS factor

The LS factor can be calculated using methodology suggested in Chapter 15, MSMA (DID,
2012), which applied the equation defined by Wischmeier (1975);

LS = (/%)™ x (0.065 + 0.046s + 0.006557) (3)
where,
A = sheet flow path length (m or feet)
Y = 22.13 for SI Units and 72.6 for English Units (BU)
s = average slope gradient (%)
m=0.2 fors<1,
=0.3 for 1<s <3,
= 0.4 for 3<s <5,
=0.5 for 5<s <12 and
=0.6 for s >12%

A survey of 3 slope profiles was carried out to obtain the slope of the terrain. The average
steepness (S) from three slope transects was 46.9% while the average slope length was 62.7m.
The slope of the area is shown by the transects in Figures 7.

The slopes of the area are more than 12% so the parameter ‘m’ to be used in the calculation
of LS value is 0.6.

Length of flow path, A, ranged in 73m; 90 m, and 28 m, with an average of 62.7m.
Now, the average LS factor is calculated as follow:
Average LS factor = [(62.7/22.13)% x (0.065 + 0.046x46.9 + 0.0065x46.9%)] = 30.859.
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Figure 7a. Transect at Marine Park Centre slope was 54.5%.
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Figure 7b. Transect at Langkawi Coral (LC) slope was 36.9%.
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Figure 7c. Transect at Teluk Wangi Beach. The beach profile slope was 14.6% and the main hillslope
behind the beach is 49.4%.

3.4. Crop and management (C) factor

The factor C is the cover management factor used to reflect the effect of cropping and
management practices on erosion rates. The C is often used to compare the relative impacts of
management options on conservation plans. It indicates the effect of the conservation plan to
the average annual soil loss and distributed of soil loss potential during construction activities,
crop rotations or other management schemes. The C values were applied to the land use map
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of 1997 (Figure 5). The value ranges from 0.003 in forest to 1.0 in a newly cleared land, other
mining area and water (Tablel).

Table 1. The adopted value of C factor for different land use

ID Land use C Value
1 Forest 0.003
2 Lalang 0.3

3 Newly cleared land 1.0

4 Scrub/Belukar 0.3

5 Unused land 0.45
6 Mining areas 1.0

7 Estate building and associated areas 0.35
8 Urban and associated areas 0.8

Source: Troeh et al., (1999)

3.5. Support Practice (P) factor

Factor P is the support practice element. The P reflects the impact of support practices on the
average annual erosion rate. It indicates the fractional amount of erosion that occurs when any
special practices are used compared with what would occur without them (Troeh et al., 1999).
The P value in the study area ranging from 0.1 in the forest to 1.0 in the other mining areas,
and urban and other associated areas (Table 2). The adopted value of P for different land use
were adopted from Troeh et al., (1999) tabulated in Table 2.

Table 2. The adopted value of P for different land use

ID Land use P Value
1 Forest 0.1
2 Lalang 0.6
3 Newly cleared land 0.7
4 Scrub/Belukar 0.2
5 Unused land 0.45
6 Mining areas 1.0
7 Urban and associated areas 1.0

Sources: Troeh et al., (1999)

There were several possible scenarios of erosion rate estimated in this study and the results
are tabulated in Table 3.

4. Discussions

The USLE calculates the total mass of sediments eroded from a specific area. It was originally
set up to estimate sheet and rill erosion and it was designed for and empirically tested on the
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gently sloping, deep soiled, agricultural fields of the American Midwest and Eastern Seaboard
(Calhoun and Fletcher 11, 1999). In this study, the slope of Pulau Payar was between 35-45%.
The results of the estimation are shown in Table 3.

Table 3. Erosion estimated using the USLE for Pulau Payar for three probable scenario of land use

changes.
Phase R K LS C P Area Bare  Annual Annual Total
MJ.mm/(ha.hr) Forested — area erosion erosion for  Erocion
(ha) forested bare area

(ha) area (tons)  (tons) (tons/yr)
1 Min 10000 0.037 30.86 0.003 0.1 31.2 0 109.76 0 109.76
Undisturbed Max 11000 0.059 30.86 0.003 0.1 31.2 0 187.46 0 187.46
2 Min 10000 0.037 30.86 0.003 0.1 15.6 15.6 54.88 54.88 109.76
Medium
disturbance Max 11000 0.059 308 02 0.2 15.6 15.6 12,497.56 12,497.56  24,995.12
of 50%
3 Min 10000 0.037 30.86 0.003 0.2 0 31.2 0 109.76 109.76
100% Max 11000 0.059 308 0.7 07 0 31.2 0 306,190.2  306,190.2
disturbed : : ' : : 490, ,190.

Results of the estimation indicates that for fully covered forest with good soil conservation
practice, the erosion rate was 109.76 tonnes (Table 3). This is equivalent to 3.52 ton/ha after
dividing with the area of the island of 31.2 ha. This is close to the natural erosion rate and is
considered none to slight erosion by FAO classification (Table 4). This erosion rate is
considerable low to very slight and almost negligible associated with natural erosion under
forested condition that would occur by slope wash and small disturbances by falling tree and
burrowing animal. This erosion rate is also low based on categories of Langkawi erosion
potential estimated by Ramli et al. (2004) as shown in Table 5.

Table 4. FAO Soil Erosion Classification

Erosion Class Annual Soil Loss (t/ha)
None to slight <10
Moderate 10-50

High 50-200

Very high >200

Source: FAO (1965) in Suresh (2000)

Protection of the forest soil by the litter layer and the understorey lays a very important role
in restricting further soil erosion loss. Both runoff and sediment yield fall exponentially as the
percent vegetation cover increases (Francis and Thorne, 1990).
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The maximum estimated erosion for category under forest, was 187.5 ton or 6.0 tons/ha which
is under slight erosion in FAOQ category (Table 4). However, under Langkawi erosion category
(Ramli et al., 2004), it falls under a moderate class (Table 5).

Under category 2, where there are 50% disturbance of the island, the minimum erosion was
similar to the first category discussed earlier, however the maximum erosion was 24,995
tonnes or 801 tons/ha. This is considered very high according to both FAO and Ramli et al.
(2004).

Table 5. Erosion potential categories for Langkawi Island (Ramli et al., 2004)
Erosion Class Numeric Range (ton/ha/year)  Erosion Potential

1 0-1 Very Low
2 1-5 Low

3 5-10 Moderate

4 10-20 High

5 20-50 Severe

6 50-100 Extreme

7 >100 Exceptional

Under category 3, when we expect all island is fully disturbed, or a worst case scenario, the
maximum erosion rate was 306,190 tonnes (Table 3) or 9,813 tons/ha. This value is at very
high and exceptional category according both to FAO (Table 3) and Langkawi erosion rate
(Table 4). It is an increase of almost 1125 times from the second category to third category
and 163,000 times compared to first (undisturbed). The worst case is when there is a total loss
or removal of vegetation, or bare soil without any conservation practice, which yield the
highest rate of erosion at 9,813 ton/ha/year. This extreme value could only happen when the
land masses is totally bare where all vegetation is cleared by large land clearing activities that
would leave the soil vulnerable to direct rainfall impact and high surface runoff (Douglas and
Guyot, 2005).

The increase in erosion could increase the TSS concentration to a higher value than the TSS
concentration of between 175-200 mg/l reported earlier (Anisah Lee et al., 2016; Figure 8).
The Pulau Payar Marine Park was surrounded with waters with high levels of TSS (up to a
maximum of 200 mg/L) during the satellite overpass on 9 December 2013. Figure 8 portrayed
an overview of high TSS concentrations (depicted by the darker orange-red tones) along the
immediate coastal strip of the peninsula. The range of TSS was >226 mg/L indicating very
high values but an acceptable range because the coastal region lies within the rice bowl region
of peninsular Malaysia. Erosion and runoffs of sediments as a result of continuous agricultural
practices along the coast are highly probable (Anisah Lee et al., 2014).

Fluctuations of TSS levels are normal since the coastal and marine waters are very dynamic
owing to the continuous tidal and current movement over the shallow zone of the continental
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shelf. A strip of lower TSS levels (<75 mg/l) running along the coastal region adjacent to the
mainland seaward to approximately 15 km due to tidal mixing. Further out to the sea the range
of TSS appeared to be higher. One possible explanation is the influx of water body during
flooding tide carrying suspended materials from neighbouring south Thailand or Sumatera
where land-use/land-cover change is rapid (Anisah Lee et al., 2016).

The Pulau Payar Marine Park was surrounded by waters with high levels of TSS (up to a
maximum of 200 mg/L) during the satellite overpass on 9 December 2013. Considering the
sensitivity of corals to environmental change particularly water quality, the duration of these
reef organisms being exposed to the high levels of TSS may impact on its productivity, hence,
the reef's overall health.

Generally, rate of soil erosion loss under forest are lower than in the open because rainfall
interception by forest or tree canopy reduces impact on the forest floor and thus reduces the
runoff forming on the forest floor. This is associated with high rate of infiltration cause by
high aggregate soil and the opening of macropores in the soil by tree root growth (Mohammad
and Adam, 2010; Li et al., 2019; Cheng et al., 2002).

All the above scenarios of land use changes cause increase in sedimentation and this could
alter the physical properties of surrounding sea water such as turbidity, temperature and
salinity that could lead to coral bleaching and in turn affect the marine fisheries (Zweifler et
al., 2021; Otafio-Cruz et al., 2017).

Total Suspended Solids (TSS) distribution

)

Tss
mg/L
B o-2
I 26 - 50
s -7s
] 76 - 100
101-125
126 - 150
] 151175
] 175 - 200
B 201 - 225
B 226 - 250
B - 250
B Land area

037575 15 225 30 A

Figure 8. The TSS distribution on surface water in the northern Strait of Malacca. The TSS around
Langkawi and Pulau Payar Marine Park was in the 175-200 mg/l zone. Source: Landsat 8 ETM+ on
9 Dec 2013 (Anisah Lee et al., 2016).
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Table 6. Some erosional values from various island studies and from continents of the world.

Location/Condition Methods Area Total Elevation  Erosion Source
(ha) rainfall (m) (ton/halyr)
(mm)

Marinduque, RUSLE 92,624 2000 1200 Avg:107 Salvacione

Philippines Max: 10,338  (2022)

Pulau Pinang, Gauging 28,500 2944 833 Min: 1.02 Ismail (1997;

Malaysia Max: 31.01 2000)

Pulau Pinang, USLE 28,500 2944 833 75.7 (2005) Pradhan et al

Malaysia 92.5 (2010) (2011)

Asia Gauging 2000-3000 30 Pimentel et al.,
(1995)

South America Gauging 40 Pimentel et al.,
(1995)

Undisturbed forest Gauging 0.05 Pimentel et al.,
(1995)

Pulau Payar, Qs=0.323 312 2360 90 0.23 Khosla (1953)

Malaysia A0

Pulau Payar, USLE 31.2 2360 90 Min: 3.52 This study

Malaysia Max: 9,813

Table 6 compares Pulau Payar's erosion to that of other islands and presents further findings
about erosion from forested and disturbed areas. The estimates for the Pulau Payar study are
low, at 3.52 t/ha for the undisturbed scenario, compared to 9,813 t/ha for the totally disturbed,
cleared area. Even yet, the low case result is similar to other measurements, including 1.02
tons/ha for Sg. Air Terjun (Ismail, 2000) and 0.05 tons/ha for erosion of undisturbed forest
(Pimentel et al., 1995). Using the Khosla (1953) formula, we estimate the erosion for Pulau
Payar at 0.23 t/ha/year (Table 6), which is less than previous estimates but nearly equal to
Pimentel's estimates for undisturbed forest, which are 0.05 t/ha/year. In the worst statues,
where all land was cleared, nearly similar results were obtained. The worst case scenario
involving fully cleared land, produced almost comparable results to the maximum erosion of
the Philippines by Salvacione (2022).

Conclusions

The combination of the steep topography and abundant rainfall on Pulau Payar allows for a
significant level of natural erosion. The projected soil erosion of Pulau Payar, calculated using
Langkawi's rainfall data, ranges from 3.52 tons/ha/year with minimal disturbance to a
maximum of 9813 tons/ha/year in the most severe scenario. Therefore, any construction that
encompasses extensive regions should be avoided, because it could cause increase in the TSS
in the marine waters. To preserve the pristine condition of Pulau Payar for future generations
and retain it as a viable tourist destination, it is important to prevent major clearing activities
in order to reduce the influence of siltation on the surrounding marine environment, which
could negatively damage the coral and fisheries. The status of Pulau Payar as a marine park
should keep the island from "massive" future development and land clearing.
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