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ABSTRACT

Over the years, Cameron Highlands have witnessed extensive land-use and land-cover (LULC) changes due to
the massive agricultural and urbanization activities. This significantly contributed to the erosion problems in the
area. Rainfall erosivity that measures the aggressiveness of raindrop in triggering soil erosion is one of its major
components that could be influenced by the LULC changes in watersheds. However, the research relating to the-
LULC changes with the erosivity especially in the complex landscape is scarce. Hence, this study applies geo-
graphic information system (GIS) and remote sensing techniques to assess the LULC changes and their influence
on the rainfall erosivity distribution in mountainous watershed of Cameron Highlands. Four Landsat images and
the rainfall data from the period of thirty years were analysed for the development of LULC and erosivity maps
respectively in ArcGIS environment. The study showed that the study area experienced immense land-use changes
especially in agriculture and urbanization which affected the erosivity distribution. The LULC change for agricul-
ture increased linearly in the last 30 years from 7.9% in 1986 to almost 16.4% in 2016. The results showed that
urban development increased from 5.1% in 1986 to 11.4% in 2016. The increasing urbanization trend was targeted
to meet up with tourism requirement in Cameron Highlands. However, forest class declined tremendously due to
the exploration of land for agriculture practice and other various types of development. Watershed managers and
other stakeholders should find this study beneficial in tackling erosion and its associated ecological challenges.
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land-use pattern has been reported as the prima-
ry cause of land-cover change (Cegielska et al.,
2018). Land-use/land-cover (LULC) is of great
significance and a central component of the cur-

INTRODUCTION

Land-use is an important component with
socioeconomic and cultural values for the sus-

tenance of biodiversity and ecosystem activities.
Land-covers are the observed biophysical covers
on the earth’s surface (Di Gregorio, 2005) and
the socio-economic interpretation of the activities
taking place on land is the land-use of such locali-
ty (Straume, 2014). Both land-use and land-cover
are often used interchangeably in several environ-
mental studies. However, constant changing in the

rent strategies in monitoring, evaluating, protect-
ing and planning of natural resources for sustain-
able management. According to Zubair (2006),
the LULC pattern of any locality is a product of
its natural and socio-economic factors and their
level of utilization by human in time and space.
The growth in population leading to increasing
in human activities could result in soil erosion,
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global warming, and pollution that are very harm-
ful to the environment (Cegielska et al., 2018).
Land-cover classification is one of the most stud-
ied topics in remote sensing, as land-cover maps
provide the basis for many applications in model-
ling of carbon budgets, management of forests,
and estimation of crop yield (Zhu and Woodcock,
2014). The authors also highlighted that land-
cover impacted on the energy balance, carbon
budget, and hydrological cycle relating to albedo,
emissivity, roughness, photosynthetic capacity,
and transpiration. The reports of past research
showed that only few landscapes of the earth still
remain in their natural state (Zubair, 2006). This
makes the resources a scarce due to the extensive
agricultural and demographic pressures. Urban
development, forest harvesting, land degradation
through desertification and agricultural practices
are the major human-driven land-use changes that
considerably alter natural landscapes. However,
the land-use change is also being influenced by
some various natural phenomena such as topog-
raphy, distribution pattern of vegetation, water,
proneness to hazards zones, proximity to required
resources, etc (Abdulkadir et al., 2017). IPCC
(2000) recognized land-use as an important com-
ponent of global change. It was also reported as
an important factor in determining the climate of
a region through both biophysical and biogeo-
chemical processes (Cegielska et al., 2018).
Remote sensing data with varying spatial
resolutions have been applied for mapping and
monitoring of LULC changes in the urban envi-
ronment. The availability of computers and the
advances in remote sensing techniques and com-
puting technology, have aided the application of
these data in the LULC studies focusing on the
urban and agglomeration growth processes and
the areas threatened by human pressure (Cegiel-
ska et al., 2018). It has been established that the
LULC distribution patterns have great influence
on the occurrence and spatial distribution of some
land degradation features. Soil erosion as one of
such land degradations is related to several other
factors which include rainfall processes, land-
use, soil, terrain, and topography (Zhang et al.,
2017). Universal soil loss equation (USLE) de-
veloped by Wischmeier and Smith (1965) is one
of the most popular models for the estimation
of the average annual rate soil loss on a long-
term basis. It basically involves parameteriza-
tion of several factors such as rainfall erosivity
factor-R (MJ mm/ha/yr), soil erodibility factor-
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K (t ha yr/MJ/mm), slope length factor-L, slope
steepness factor-S, cover and management factor-
C and the supporting practices factor-P (Ming-
Hsi and Huan-Hsuan, 2015). A revised version
of the USLE model (RUSLE) is a widely used
empirical method in temperate regions whose
R-factor, is the summation of all erosive events
during a one year period (Renard et al., 1997).
Despite being originally applied at plot scale, it is
now being applied on catchments in a wide set of
environments, including semi-natural ecosystems
and mountainous areas (Stanchi et al., 2015). Ero-
sivity being one of the major biophysical compo-
nents of RUSLE could be influenced by LULC of
any watershed. It measures the aggressiveness of
raindrop in detaching soil particles, thereby trig-
gering soil erosion. However, detailed research
relating to the land-cover changes with the ero-
sivity nature especially in the complex landscape
witnessing rapid development is scarce. Hence,
this study aimed to assess the LULC changes and
their influence on the rainfall erosivity distribu-
tion in mountainous watershed across Cameron
Highlands Malaysia using geographic informa-
tion system and remote sensing techniques.

Description of Study Area

Cameron Highland, located in 4°19°—4°37’N
and 101°21° — 101°30’E, is among Malaysia’s
most extensive hilly region with a total landmass
of about 71.21 ha, having almost 75% of the high-
lands approximately 1,000 metres above sea level.
The region is witnessing high rate of urbanization
and population growth due to tourism activities.
The increasing farming and logging activities
on hillslopes are due to the urges to increase the
productivities and income. These have inevitably
resulted in rapid land-use changes, exposing soil
surfaces to erosion which led to sedimentation
of waterways, triggering landslides, flash floods,
deterioration of water quality, etc. Moreover,
excessive tillage crop method practiced on the
highlands caused soil structure breakdown and
increased soil erosion rates (Mohd et al., 2010).
In a report published by World Wide Fund for Na-
ture (World Wildlife Fund Malaysia, 2002), about
81% of the watershed area have high erosion risk
due to its nature and increased human activities.
All these factors have increased the erosion rates
and sediment delivery to water bodies within the
catchment vicinity. Abdullah (2016) reported that
about 45% of agriculture lands in the area have
more than 25° slope with runoff causing erosion
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and massive river siltation. More so, the presence
of weathered underlying rocks (Barrow et al.,
2005), topography and heavy rainfall make the
region highly prone to erosion and landslide that
threatens the development on the highlands (Prad-
han et al., 2010). Meteorological records showed
that the area received high average rainfall rang-
ing between 2500 and 3000 mm annually (Gasim
et al., 2009) with high intensity that increases the
aggressiveness of raindrops to trigger soil ero-
sion. Rapid LULC changes in Cameron High-
lands altered the natural ecosystem over the area.
In a study by Raj (2002), land-use changes in the
area occur mainly on tea estates and orchards at
the expense of forests for the years 1947 to 1974.
Up till today, there has been further expansion
in commercial area, residential or urban centres
while the tea estates and orchards reduced. This
phenomenon resulted in triggering erosion with
on- and off-site impacts.

MATERIALS AND METHODS

Two basic components of this research are de-
velopment and the analysis of LULC and erosiv-
ity maps for Cameron Highlands. The former was
developed from the Landsat data retrieved from
the archive of United States Geological Survey
(USGS) website while the latter were from the
rainfall record obtained from Malaysia Depart-
ment of Irrigation and Drainage (DID). ArcGIS®
10 was used for the pre-processing and process-
ing of the data for the development of spatial dis-
tribution maps for LULC and erosivity maps for
Cameron Highlands.

Rainfall Erosivity

The rainfall erosivity factor is defined as the
erosive force from raindrops that detached and
washed away soil particles. Raindrops are the
erosive agents with kinetic energy that instigate
the disintegration and movement of soil particles.
Due to the scarcity of field measurements of the
kinetic energy of rainfall both in time and space,
several studies were conducted to assess the rela-
tionship between rainfall characteristics and soil
detachment (Meusburger et al., 2012). However,
computation of R-factor for a particular water-
shed requires high temporal rainfall resolution
(pluviograph) data with a maximum of 30-min-
utes intensities for at least 20 years (Meusburger
et al., 2012). However, precipitation time-series

with such temporal resolution is rarely avail-
able in many parts of the world (Abdulkadir et
al., 2016). Thus, various simplified models were
proposed and implemented for estimating R-fac-
tor using precipitation volume (daily, monthly or
yearly data) instead of intensity (Meusburger et
al., 2012). Bols (1978) proposed an expression
for estimating erosivity value based on the empir-
ical study in Indonesia, as shown in Equation 1.
This solution was adopted in Malaysia, owing to
its similarity in climatic conditions and unavail-
ability of high resolution data. The rainfall data
was obtained from DID for seventeen rainfall sta-
tions within and around the study area. However,
some rainfall data was missing and was fixed us-
ing linear interpolation technique. The rainfall
record of 1986 only was implemented for the
estimation of erosivity values for all the stations
using Equation 1. The results obtained were used
for the development of rainfall erosivity map
in ArcGIS using the kriging method of Geosta-
tistical Analyst toolbar. Then, the erosivity map
was re-projected into coordinate system of WGS
1984/UTM Zone 470 N applicable to the study
area. Similarly, the procedures were repeated for
rainfall record of 1986, 1987-1996, 1997-2006
and 2007-2016 for the computation and develop-
ment of erosivity maps.

. 2.5p2
~100(0.073P + 0.73) (1

where: P= Annual rainfall (mm)

Landsat Imageries and Data Processing

In order to develop the LULC maps for Cam-
eron Highlands to analyse its impact on erosivity
distribution, Landsat data were used. Raw satel-
lite data were required to develop the LULC map
and assess the decadal land-use changes that took
place in the last three decades in the study area.
The satellite data used were retrieved for the years
1986, 1996, 2006 and 2016 from USGS Earth Re-
source Observation Systems Data Center for the
location (Row/Path: 57/127) on a relatively clear
day with less cloud cover. The raw Landsat data
were then pre-processed in ArcGIS® for atmo-
spheric and radiometric corrections. Then, Land-
sat images were processed for LULC classifica-
tion into four major classes which are agriculture,
forest, urban and water. Supervised classification
training algorithm with maximum likelihood in
ArcGIS® was used to ensure successful analyses
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with higher accuracy output. A sufficient number
of training points was selected for each land-use
class for the training in the ArcGIS environment.
Thus, the resultant LULC maps for the years
1986, 1996, 2006 and 2016 were developed for
the study area. The accuracies of LULC classifi-
cation for each year were evaluated to ascertain
the applicability of the results for further analy-
ses. These LULC maps were correlated with the
respective erosivity maps of 1986, 1987-1996,
1997-2006 and 2007-2016. Then, layers of rain-
fall erosivity and the corresponding LULC maps
were analysed for the assessment of impacts of
LULC changes on erosivity pattern in Cameron
Highlands. This was achieved by overlaying these
maps over one another for pixel-to-pixel analysis
of the relationship between LULC and erosivity.

RESULTS AND DISCUSSION

This study developed and evaluated the
decadal LULC changes and rainfall erosivity
maps for the period of three decades, starting
from the years 1986 to 2016. The rainfall record
obtained for this period was used for the analysis
of spatial distribution and variability of erosivity
in the study area. The temporal analysis highlight-
ing monthly variability pattern of R-factor for the
study area is shown in Figure 1. Comparing with
the rainfall pattern, the least and peak R-factors
estimates occurred in the months of February
and November having 52.79 and 512.26 MJ mm
ha' h'! year! respectively. The result showed that
the peak rainfall cycle is the most critical period
of higher R-factor in the watershed of Cameron
Highlands. It was observed that the erosive pow-
er starts to increase from the month of January
through April, before starting to fall to the lowest
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value in the month of June. Then, it started in-
creasing again from July until it reached another
peak in the peak rainfall cycle. The fluctuation in
R-factor trends may be attributed to the tempo-
ral variability in the rainfall amount and intensity
which result in increasing the aggressiveness of
raindrops to trigger erosion in Cameron High-
lands. The higher erosivity was observed to be
caused by higher amount, intensity and kinetic
energy of the rain, especially in the tropical zones.

The LULC of Cameron Highlands was devel-
oped for the years 1986, 1996, 2006 and 2016 and
classified into four prominent land-use classes
which are urban settlement, forest, agriculture,
and water. Figure 2 presents the developed LULC
map. The study showed that Cameron highlands
were heavily forested, occupying 87% in the year
1986 being the initial stage of development. Hu-
man activities, i.e. farming and urbanization were
at relatively low, occupying 7.9% and 5.1%, re-
spectively, as presented in Table 1. The spatial
distribution of rainfall erosivity for the 1986 is
presented in Figure 3. The analysis of this erosivi-
ty map showed that the western (especially north-
west) region of Cameron Highlands experienced
higher rainfall erosivity compared to the eastern
region. This was because the western region
was occupied by urban and agricultural activi-
ties which expose the land surface to direct rain
events. As a result, these human-environment in-
teractions aided the aggressiveness of raindrops.
However, the eastern region has heavy forest
cover with less human activities. On the basis of
the rainfall erosivity and land-use maps of 1986,
it can be inferred that the land-use changes were
not too intense and the rainfall erosivity factors in
each of the land-use classes were also relatively
small. The spatial variation in the R-factor ob-
tained from locations to locations was suggested
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Figure 1. Monthly temporal variability of R-factor
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Figure 2. Land-use/land-cover map for the year 1986

Table 1. LULC classification accuracies for each year

Years % Classification accuracies
1986 85.1
1996 88.2
2006 80.1
2016 86.9

to have caused by elevation differences in the wa-
tershed that increases the aggressiveness of the
runoff generated rainfall events.

Subsequently, the Landsat data for the year
1996 was implemented for the development of
the LULC maps while rainfall records of 1987
to 1996 were used for the erosivity maps. Simi-
larly, the LULC maps for the years 2006 and 2016
and erosivity maps for the years 1997-2006 and
2007-2016 were developed and analysed. The
overall accuracies of the Landsat-derived LULC
maps developed each year were assessed and pre-
sented in Table 1. The results of classification ac-
curacies were found to be acceptable for all the
years. Tables 2 and 3 present the results obtained
for the analyses of the LULC and erosivity maps
for the years 1986 and 1996, respectively. The
analysis of the results obtained for these years
showed that the forest coverage decreased from
87.0% to 82.0% while the agricultural activi-
ties increased significantly from 7.9% in 1986 to
11.2% in 1996. Similarly, the urban development
coverage slightly increased to 6.6% from 5.1%
and water body also increased slightly to 0.09%.
On the other hand, the R-factor in 1996 was rela-
tively huge compared to what was obtained in the

year 1986. This might due to the increase in rain-
fall intensity and amount, together with the inten-
sive changes in land-use pattern through human-
environment interactions.

Further analyses of the LULC for the year
2006 and its corresponding erosivity distribution,
as presented in Table 4, showed that Cameron
Highlands witnessed a greater increase in the
urbanization rate than in agriculture, when com-
pared with that of 1996. It was because of rapid
development occurred even on the highlands
region, especially construction of more housing
estates due to increasing rate of tourism devel-
opment, among others. On the contrary, the for-
est land-use shows a declining trend from 1986
with the area occupied by water remain almost
constant. The forest land-use class had the high-
est average erosivity value among other classes.
In terms of spatial distribution, the study showed
that the southwest regions had higher R-factor
values due to uneven distribution of human ac-
tivities across the watershed. It was also observed
that the forested regions have relatively smaller
R-factor values. This is because higher vegeta-
tion index from forest provides protection to earth
surface, which lessens the aggressiveness of rain-
drops despite higher rainfall intensity.

Table 5 presents the results obtained for the
year 2016. An increasing trend in both agriculture
and urban developments were observed, result-
ing in tremendous decline in the forest volume
in Cameron Highlands. This is because massive
agriculture practice is taking place on the high-
lands with different horticultures by local farmers
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Figure 3. Rainfall erosivity map for the year 1986

to boost their productivities. The decline in forest
is also traceable to the increasing rate of urban-
ization to meet up with the facilities requirement
of tourists due to the growing rate of tourism ac-
tivities in the study area. The study revealed that
the highest average R-factor value was observed
in the urban land-use class contrary to the result
obtained for 2006. The results showed that as the
LULC changes, the erosivity distribution also
varies in response to the changes. This indicates
how land-use influences the rainfall erosivity, be-
cause human activities in the watershed remove
the protective layer of the earth that often damp-
ens the energy of raindrops. Thus, rapid land-use
changes experienced over a 30-year period of the
study results in higher rainfall erosivity, which

Table 2. Land-use map with corresponding 1986 R-factor

eventually contributed to the soil erosion prob-
lems in Cameron Highlands.

CONCLUSION

Land-use is a crucial factor necessary for sus-
tenance of biodiversity and ecosystem services
with socioeconomic values. The current studies
evaluated the trend of the land-use change pattern
and spatial distribution of rainfall erosivity over
the period of three decades in Cameron High-
lands Malaysia to understand their relationship.
Geospatial technology was adopted for the as-
sessment of the LULC changes as well as devel-
opment of the LULC map and the erosivity maps.

. R-factor (MJ mm ha'h-'year™)
LULC Class Area occupied (km?) % Area - —
Maximum Minimum Average
Agriculture 56.2 7.9 709.22 678.75 699.33
Forest 615.6 87.0 699.11 631.26 660.94
Urban 36.2 5.1 721.32 631.26 674.11
Water 0.34 0.05 701.45 692.98 699.33
Table 3. Land-use map data (1996) with corresponding R-factor for the year 1987-1996
. R-factor (MJ mm ha'h-'year")
LULC Class Area occupied (km?) % Area - —
Maximum Minimum Average
Agriculture 79.41 11.2 799.31 707.56 739.28
Forest 584.92 82.0 812.08 696.92 746.62
Urban 43.32 6.6 775.53 703.99 737.81
Water 0.61 0.09 751.07 743.33 746.16
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Table 4. Land-use map data (2006) with corresponding R-factor for the year 1997-2006

) R-factor (MJ mm ha'h-'year™)
LULC Class Area occupied (km?) % Area - —
Maximum Minimum Average
Agriculture 94.85 13.4 859.86 691.59 750.75
Forest 542.91 76.6 841.02 694.77 754.68
Urban 69.89 9.8 814.26 693.56 751.18
Water 0.70 0.09 856.68 719.32 746.44
Table 5. Land-use map data (2016) with corresponding R-factor for the year 2007-2016
. R-factor (MJ mm ha'h-'year")
LULC Class Area occupied (km?) % Area - —
Maximum Minimum Average
Agriculture 116.50 16.4 860.75 684.70 748.44
Forest 510.60 721 868.30 679.55 745.18
Urban 80.50 1.4 870.50 685.08 758.94
Water 0.70 0.09 856.68 719.32 756.44
The study showed that Cameron Highlands had REFERENCES

undergone massive land-use changes during the
study years, especially in agriculture and urban-
ization, which affected the erosivity distribution.
The LULC change for agriculture increased lin-
early for the last 30 years from 7.9% in 1986 to
almost 16.4% in 2016. This highlights the grow-
ing rate of tea, flowers and temperate vegetables
production in Cameron Highlands. The study
showed that urban development was the second
highest land-use class, since urban development
often occurs gradually. This increased from 5.1%
in 1986 to 11.4% in 2016. The increasing urban
trend was indeed to meet up with tourism require-
ment in Cameron Highlands. Nonetheless, the
forest class experienced a great decline in area, as
a result of the land usage for agricultural practic-
es and various types of urban development. This
trend is expected to continue until major urban-
isation takes place. In sum, the high rainfall ero-
sivity was found to be associated with rapid land-
use changes during the study period of 30 years,
which in turn escalate the soil erosion problems in
Cameron Highlands. This study should be helpful
to the watershed managers and other necessary
stakeholders in tackling erosion and its associated
ecological problems.
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