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ABSTRACT

Soil erosion and the suspended sediment yield (SSY) of Kinta river catchment were investigated
using river and sediment discharge data of Kinta River and its tributaries available from 1961-2006.
A long-term annual SSY for the Kinta River basin recorded an average of 2417.6 t/km2/year, with
a maximum SSY of 8,757.3 t/km2/year in 1973 and a minimum SSY of 720.4 t/km2/year in 2005. The
Mann-Kendall test was conducted to analyse the long-term SSY trends, which revealed an overall
decreasing trend of SSY for the Kinta River basin. This 46-year period was divided into four phases
of different SSY trend. The second phase from 1970–1985 recorded the highest average of 4,062 t/
km2/year, as a result of the rapid development process that occurred in the drainage basin. The
declining trends in SSY were observed after many mining operations ceased after 1960 and dam
construction start in 2003. Some increasing trends in the early 1970s to 80s were due largely to the
initial implementation of the New Economic Policy (NEP) and Green Book Plan. It involved a
large-scale conversion of forest areas into agricultural lands with the expansion of urban areas and
improvement of infrastructures.
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INTRODUCTION

Urban areas, which serve as land cover in the form
of built-up or paved-over areas, occupy less than 2%
of the total land surface (Grubler, 1994; United
Nations, 2001). Therefore, any changes in the urban
areas do not significantly affect the land cover, but
urbanisation has caused land-use changes and land
degradation. Urbanisation itself is a complex process
of converting rural land use to urban land use,
which causes various implications on the structure,
functions, and dynamics of the ecosystem
(McDonnell et al., 1997; Lambin et al., 2001; 2003).
The pervasiveness of land-use changes and land-
cover changes, when aggregated globally,
significantly affect the key aspects of Earth System

functioning.
Apart from directly affecting the biotic diversity

worldwide (Sala et al., 2000) and contributing to the
local and regional climate change (Chase et al., 1999)
and global warming (Houghton et al., 1999), these
changes are the primary source of soil degradation
(Tolba et al., 1992). The land-use changes and
deforestation leads to soil degradation, which is
manifested as sediment. The sediment loads of
many rivers undergo changes owing to various
cases of land clearance or land-use changes
(increasing the suspended sediment loads) as well as
the construction of dams (trapping sediment that
would otherwise be discharged to the oceans)
(Walling, 2006). Nevertheless, the production of
sediment yield from a drainage basin to the oceans
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through the rivers is deemed vital in the global
geochemical cycles (Walling and Fang, 2003).
Essentially, the resulting sediment yield in the
drainage basin system is related to the effect of
clearing the land surface processes in certain areas
as well as a key measure for land degradation and
land resources deterioration.

The analysis of long-term suspended sediment
yield (SSY) trend demonstrated the sensitivity of
drainage basin due to various human activities, such
as the construction of dams, sand mining, forest
exploration, and changing the original drainage
design and diverting rivers. Human disturbance
increases the production of SSY, which affect the
drainage system. It may also reduce the SSY when
the sediment is blocked or deposited in dams.
Evidently, any type of development and human
activities, such as mining, logging, and construction
of roads and housings, increase the sediment loads
in the drainage basin (Syvitski et al., 2005).
Moreover, the production of sediment in the
drainage basin is significantly high in the tropics,
particularly within the Asian region (Milliman and
Meade, 1983), due to the tropical climate with high
temperature and overwhelming rainfall. Such
climate is in favour to the weathering process,
which, in turn, catalyses the soil erosion process.
This is worsened by the lack of vegetation to protect
the land surface from the direct impact of rainfall.

Accordingly, studies on sediment yield trends are
usually studied together with the discharge and
other hydro-meteorological factors, such as rainfall,
temperature, evaporation, and evapotranspiration.
Some studies on long-term sediment yield trends
include the work of Milliman (1991); Walling and
Fang (2003); Yang et al. (2005); Liu et al. (2007). In
addition, studies on long-term sediment yield trends
in China were also widely documented, especially in
the Yangtze River and Yellow River basins (Chen et
al., 2001; Saito et al., 2001; Zhang et al., 2004; Chen et
al., 2005; Yang et al., 2006; Lu et al., 2007; Wang et al.,
2007; Yang et al., 2007; Chen et al., 2008; Wang et al.,
2008). In view of the above, this study aimed to
examine the long-term SSY trend and its relationship
with land-use changes in the Kinta River basin,
Perak (Malaysia) based on the river discharge data
of between 1961 and 2006 and sediment discharge
data of between 1977 and 1998.

MATERIALS AND METHODS

Study Area: Kinta River Catchment

Kinta River basin, which covers an area of 2,566 km2,

is one of the rapidly developing sub-basins in the
Perak River compared to the other sub-basins of
Perak River (Figure 1). The sub-basins of Kinta River
include the basins of Pari River, Raia River, Kampar
River, Chenderiang River, and Tumboh River
(Figure 2). Kinta River is the largest tributary of
Perak River with a basin perimeter of 266.7
km,which stretches from north to south. The
drainage density (Dd) of the river basin is 2.23 km/
km2. Based on Strahler’s (1957) method the Kinta
River is a seventh ordered river. The drainage
pattern of Kinta valley has been described by
Ingham and Bradford (1960) as “roughly in the form
of a herringbone and is governed by the shape of the
valley which is closed in to the north and open to the
south”.

The geological structure of Kinta River basin
consists of limestone-type (46%) and acid and
undifferentiated granitoids (39%). Kinta river basin
situated in belts of tin in Permo-Triasic granite
mountain ranges, and Ipoh tin field is located on the
west of the Main Range granite, underlain by
limestone bedrock (MohamadandHassan, 1996).
Meanwhile, the types of soil at the Kinta River basin
include steep land (40.3%), land mines (22.8%), and
Holyrood-Lunas (14.2%) (http://www.jmg.gov.my,

Fig. 1. Location of Kinta River basin in the state of Perak
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2011). These geological features and types of soil
provide insights on the significance of these
attributes in affecting the diffusion rate, erosion rate,
and sediment yield rate in the Kinta River basin.

Figure 3). Most significant changes is the increasing
area of developed or built up area (pink colour) by
almost 120% (Table 1).

Data and Analysis

The main data for this study were river discharge
data of between 1961 and 2006 and sediment
discharge data of between 1977 and 1998, which
were obtained from the Information Management
Unit, Hydrology and Water Resources Division,
Department of Irrigation and Drainage (DID)
Malaysia. The DID has maintained their data
collection according to the standards, guidelines,
and procedures established by the World
Meteorological Organisation (WMO) at several
gauging stations in Perak (Che Ngah, 2007). The
DID monitors the discharge data at seven river
discharge stations in Kinta River basin on a daily
basis. These recorded data from each station provide
very valuable information on the characteristics of
river discharge and sediment discharge in a basin or
sub-basin.

The obtained daily data for this study were in
Notepad format, which was then converted into
Excel format in time series form. Table 2 shows the
information of the river discharge data and
sediment discharge data according to the respective
stations in the Kinta River basin. There were certain
cases of missing data for a certain period of time,
which highlighted the need for this study to perform
additional analysis. Therefore, the data from the
adjacent or nearby sub-basins (paired catchment)
were analysed to address the missing data problem
in this study.

In this study, linear regression analysis and
Mann-Kendall test were selected to determine the
significance of the river discharge and sediment
discharge trends in the Kinta River basin. The linear
regression analysis was conducted to assess the
long-term trends of river discharge and sediment

Fig. 2. Main river tributaries in Kinta River basin

The land use records in 2004 (Figure 3) revealed
that Kinta River basin were dominated by forests
(46%), followed by agriculture (28%), mining and
water bodies (16%), and built-ups (10%). Table 1
shows the land-use changes from 1974 to 2004,
which demonstrated the impact of land-use changes
on the amount of SSY in the Kinta River basin. The
percentages of relative changes in the land uses were
based on the land uses between 1974 and 2004 (see

Table 1. Historical land-use changes of Kinta River basin from 1974 to 2004

Year/Land Use 1974 % 1984 % 1990 % 1997 % 2004 %  in %
Relative

1974-2004
(%)

Forest 1350 53 1326 52 1293 50 1204 47 1184 46 -12.3
Agriculture 659 26 656 26 611 24 691 27 721 28 9.4
Water bodies 445 17 484 19 452 18 463 18 417 16 -6.3
Built up area 111 5 100 4 210 8 207 8 244 10 119.8
Total 2566 100 2566 100 2566 100 2566 100 2566 100

Source: Hashim (2014)
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discharge (i.e., it can either be an increasing or
decreasing trend or no trend exists). The trends were
displayed in the form of annual river discharge and
sediment discharge in the sub-basins of Kinta River,
of between 1961 and 2006.

Mann-Kendall test is normally conducted to
further verify the trend changes in time-series data,
especially for rainfall, temperature, discharge, SSY,
water quality, and other environmental data (Burn
and Elnur, 2002; Yue et al., 2003; Shaharuddin and
Hashim, 2006). Besides that, the Mann-Kendall test
is also used to identify whether the occurring trend
is significant. Mann-Kendall test was used in
numerous studies to identify the hydro-

meteorological trends, particularly rainfall (Hirsch
and Slack, 1984; Burn, 1994; Lettenmaier et al., 1994;
Gan, 1998; Suppiah and Hennessey, 1998; Zhang et
al., 2001; De Jongh et al., 2006; PartalandKahya 2006;
Bae et al., 2008; Luo et al., 2008; Basistha et al., 2009;
Kwarteng et al., 2009; Shahid, 2010; Caloiero et al.,
2011).

For this non-parametric analysis, the obtained
data are organised in time-series form. Each data is
compared with the subsequent data. Basically, the
initial data from the Mann-Kendall test (S) is
assumed as zero (0), which indicates that no trend
exists. If the data from the following period is higher
than its predecessor, S increases by 1. On the

Table 2. River discharge and sediment discharge stations in Kinta River basin

Station Station Latitude Longitude Year of River Year of
No. Name (North) (East)  DischargeData Sediment

Discharge Data

4212467 Chenderiang River at 32 mile road 04o 3’ 55" 101o 13’ 10" 1970–2006 1977–1996
4310401 Kinta River at TanjungTualang 04 o19’ 20" 101o 04’ 30" 1976–2006 1977–1995
4611463 Kinta River at TanjungRambutan 04 o40’ 10" 101o 09’ 30" 1960–2006 No data
4610466 Pari River at JalanSilibin 04o 36’ 20" 101o 04’ 00" 1960–2006 1977–1998
4511468 Raia River at KeramatPulai 04o 32’ 00" 101o 08’ 20" 1978–2006 1979–1998
4311464 Kampar River at KampungLanjut 04o 21’ 10" 101o 06’ 05" 1960–1992 No data
4210401 Tumboh River at Kg. Gajah 04 o13’ 40" 101o 00’ 15" 1978–1985 No data

Fig. 3. The land-use changes in Kinta River basin from 1974 to 2004.
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contrary, if the data from the following period is
lesser than its predecessor, S decreases by 1. The
results of the increasing and decreasing trends in a
data sequence then produce the final value for S. If
x1, x2, x3,…,x, represent the data points of n where xj

is the data point of time j, then S is expressed as
follows:

n-1    n
S=” “sign (xj%xk)      (1)
k=l   j=k+l
where
+1, if (xj%xk) > 0
sign(xj% xj) =              0, if (xj%xk) = 0
                                    -1, if (xj%xk) < 0

RESULTS AND DISCUSSION

Suspended Sediment Yield (SSY) of Kinta River
Catchment

According to Manokaran (1979), the tropical rain
forest can intercept between 21% and 31% of the
total rain from directly hitting the ground, which
minimises the rate of soil erosion. Deforestation
contributes the most significant impact on the
production of SSY, especially in the tropical rain
forest areas. High rainfall in the tropics exposes all
materials on the Earth’s surface and carries the
sediment to the water bodies.

According to Milliman and Syvitski (1992) a third
of the estimated contemporary global flux of about
20 Gt yr-1 of fluvial suspended sediment from the
continents to the oceans is transported by the rivers
of southern Asia. Areas experiencing active erosion
and having high sediment yields are from the
Southeast Asian archipelagos and peninsulas
(Gupta, 1996).

The long-term annual SSY in the Kinta River
basin recorded an average of 2,417.6 t/km2/year
with a maximum annual SSY of 8,757.3 t/km2/year

in 1973 and a minimum annual SSY of 720.4 t/km2/
year in 2005 (Table 3). Meanwhile, referring to
Figure 4c, high SSY was recorded in 1970 (5,041 t/
km2/year), 1972 (4,699 t/km2/year), 1976 (6,305 t/
km2/year), 1980 (6,524 t/km2/year) and 1985 (5,476
t/km2/year), which were related to the La Niña
phenomenon (except for 1980) (Nicholson and
Selato,2000; de Souza et al. 2000) and fragile
landform of the tin mining landscape.

In this case, the analysis of long-term SSY trend
was required to determine whether the drainage
basin experiences an increasing or decreasing trend.
Figure 4 depicts the annual SSY trends of the three
segments of Kinta River basin, specifically at the
upstream part of Kinta River at Tanjung Rambutan
(TR), the middle segment of Kinta River at Tanjung
Tualang (TT), and the Kinta River mouth before
entering the Perak River.

The Kinta River basin at Tanjung Rambutan (TR)
is located at the upstream part of Kinta River (Figure
1). The annual SSY at the TR station recorded an
average of 2.4 t/km2/year with a maximum SSY at
8.1 t/km2/year in 1994 and a minimum SSY at 0.2 t/
km2/year in 2005. As shown in Figure 4a, the long-
term SSY trend showed a downward trend. In
addition, high SSY was recorded for this basin in
1995 (6.32 t/km2/year). The SSY trend slightly
decreased from 1961 to 1993 with an average of 2.4
t/km2/year before it increased to an average of 7.19
t/km2/year from 1994 to 1995. Following in 1995,
the SSY trend declined steeply with an average of
1.66 t/km2/year.

Meanwhile, the Kinta River basin at
TanjungTualang (TT) received SSY input from the
basins of Pari River, Kinta River at TR, Raia River,
and Kampar River. The production of SSY at TT
station recorded an average of 879 t/km2/year with
a maximum SSY of 2,397.4 t/km2/year in 1994 and
a minimum SSY of 414 t/km2/year in 1986. Figure
4b reveals the decreasing trend of SSY in the Kinta

Table 3. Descriptive statistics of the annual SSY (t/km2/year) for Kinta River basin and sub-basins from 1961 to 2006

Sub-basins/Basin Mean Standard Minimum Maximum Range Standard Coefficient No. of
Error Deviation Variation Data

Chenderiang 1069.1 243.7 18.1 7219.1 7201.1 1652.9 1.55 46
Kampar 0.7 0.1 0.1 2.4 2.4 0.5 0.76 46
Raia 151.2 10.6 18.1 426.3 408.2 71.8 0.48 46
Kinta@ TanjungRambutan 2.4 0.2 0.2 8.1 7.8 1.3 0.53 46
Pari 314 46.7 10.8 1293.0 1282.2 316.5 1.01 46
Tumboh 0.8 0.1 0.07 2.8 2.7 0.6 0.78 46
Kinta @TanjungTualang 87 50.7 414.0 2397.4 1983.5 343.5 0.39 46
Kinta River basin 2417.6 259.7 720.4 8757.3 8036.9 1761.2 0.73 46
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River at TT. Additionally, high SSY records were
obtained in 1969 (1,278 t/km2/year), 1980 (1,434 t/
km2/year), 1994 (2,397 t/km2/year), and 1996 (1,299
t/km2/year). The SSY trend fluctuated from 1961 to
1992, but the recorded values exceeded 500 t/km2/
year with an average of 876 t/km2/year. The SSY
increased to 1,131 t/km2/year from 1993 to 2000 and
decreased again to 558 t/km2/year from 2001 to
2006.

The long-term SSY trend of Kinta River was in
decreasing trend from 1961 to 2006 (Figure 4c)
possibly related to the decline in mining industry
post 1960. After World War II, production of tin
remained constantly above 50,000 tonnes annually

(ITC 1974; 1984). However, Malaysia’s contribution
to global tin production declined progressively from
over 40 percent in the early 1960s to just over 20
percent in 1990s (Balamurugan, 1991). It has been
reported that export of tin has reached from 39, 569
tonnes in 1898 and rose to a peak 72, 620 tonnes in
1972, but decline to 37 874 tonnes in 1983. The total
acreage of mining areas in Perak also declines to
5388 ha in 1996 (Malaysian Mines Department,
1996). Recent estimates of tin production from mines
output were 7339 tonnes in 1999; reduced to 6307
tonnes in 2000, and declining to 3539 tonnes in 2003
(Wu, 2003).

Closer scrutiny of the long-term data, this 46-year
period (1961–2006) can be divided into five different
phases according to the SSY trend. The total annual
SSY in the first phase, which was between 1961 and
1969, recorded a low average of 1,757 t/km2/year.
Following that, the total annual SSY recorded an
increased average of 4,062 t/km2/year in the second
phase of between 1970 and 1985. The total annual
SSY subsequently decreased to an average of 1,306
t/km2/year (1986–1993) before it increased again to
an average of 2,109 t/km2/year in the next phase
(1994–2000). Lastly, the fifth phase (2001–2006)
recorded an average of 865 t/km2/year only.

Essentially, the SSY trend is significantly related
to the land-use changes, thus human activities in the
drainage basin. This scenario is closely linked to
different human activities that cause various
amounts of discharge, which increase SSY and
subsequently affect the different aspects of land
management in the drainage basin. Therefore, the
various trends of the annual SSY found in this study
were very likely to be related to the occurrence of
land-use changes—certain areas of the drainage
basin were explored for various purposes that were
related to human activities.

Furthermore, the development process that took
place in the Kinta River basin was in line with the
initiated development plans by the Malaysian
government in 1970 through the introduction of
New Economic Policy (NEP) (Jomo 2004) and Green
Book Plan (Courtenay, 1984). As depicted in Figure
3, large forest areas were cleared for agricultural
purposes with the expansion of urban areas and
improvement of facilities and infrastructures. The
rapid development from 1970 to 1985 led to soil
erosion where all materials on the earth’s surface
were exposed and washed to the water bodies,
resulting in an increased amount of SSY during that
period.

Fig. 4. The total annual SSY at (a) the upstream part of
Kinta River at Tanjung Rambutan (TR), (b) the
middle segment of Kinta River at Tanjung Tualang
(TT), and (c) the Kinta River mouth before
entering the Perak River
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SSY of River Tributaries

Chenderiang River

Referring to Figure 5a, the trend analysis also
included the annual SSY trend for the sub-basins of
Kinta River basin from 1961 to 2006. Overall, the
annual SSY trend for this basin demonstrated a
downward trend. The production of SSY at the
Chenderiang River basin recorded an average of
1,069.1 t/km2/year with a maximum annual SSY of
7,219 t/km2/year in 1973 and a minimum annual
SSY of 18 t/km2/year in 1990 and 1992. Apart from
the recorded maximum SSY in 1973, huge amount of
SSY was produced over the years, specifically in
1970 (3,765 t/km2/year), 1972 (3,718 t/km2/year),
1976 (5,495 t/km2/year), 1980 (4,312 t/km2/year),
and 1985 (3,502 t/km2/year). In other words, these
data depicted a wide range of SSY readings for the
sub-basin, which amounted to 7,201.1 t/km2/year.

The coefficient of variation (CV) value exceeded
1 (Table 3), which reaffirmed that the amount of SSY
in this basin had high variance. In particular, the
fluctuating trend of SSY in Chenderiang River basin
can be divided into three phases. The first phase was
between 1961 and 1969, which revealed low amount
of SSY with an average of 433 t/km2/year. However,
the overall SSY trend during the first phase
demonstrated an increasing trend. Despite the
fluctuating readings, the second phase from 1970 to
1985 showed a significant, increasing SSY trend with
an average of 2,720 t/km2/year, which was five
times higher than the prior phase. However, the SSY
trend from 1986 to 2006 demonstrated a significant,
decreasing trend with an average of about 84 t/
km2/year.

Kampar River

Figure 5b presents the annual SSY in Kampar River
basin, which is a large sub-basin of the Kinta River

basin. However, the production of SSY at the
Kampar River basin was relatively small compared
to the other sub-basins, with an average of 0.7 t/
km2/year. The river basin recorded a maximum SSY
of 2.4 t/km2/year in 1988 and a minimum SSY of 0.1
t/km2/year in 2005. Besides that, high amount of
SSY was also observed in several years, specifically
in 1962 (1.26 t/km2/year), 1969 (1.39 t/km2/year),
1985 (1.36 t/km2/year), and 1987 (2.12 t/km2/year).
In particular, the overall SSY trend for this river
basin depicted a downward trend from 1961 to 2006
with four phases of different SSY trend. The first
phase (1961–1973) showed an increasing SSY trend
with high sediment discharge of an average of 0.83
t/km2/year. High amount of SSY appeared to be
significantly related to the extensive tin mining
activities in the area of Kampar during the 1970s and
the 1980s. Meanwhile, the second phase (1974–1983)
showed a slight decreasing trendof SSY with an
average of 0.43 t/km2/year. However, it increased in
the next phase (1985–1991) with an average of 1.41
t/km2/year, which was attributed to the land-use
changes following the conversion of former tin
mines to residential and urban areas in the area of
Kampar. The SSY trend in the fourth phase of
between 1992 and 2006 showed a downward trend
with a relatively high sediment discharge (average
of 0.37 t/km2/year).

Raia River

The annual SSY trend for the Raia River basin also
showed a downward pattern from 1961 to 2006
(Figure 5c). Furthermore, the average SSY (151.2 t/
km2/year) in this Raia River basin was considerably
high (compared to Kampar, Kinta TR, and Tumboh)
with a maximum SSY of 426.3 t/km2/year in 1981
and a minimum SSY of 8.1 t/km2/year in 2005. The
production of SSY was high in certain years,
especially during the 1990s, specifically in 1994 (200

Table 4. Mann-Kendall test of the annual SSY trend at Kinta River basin and sub-basins from 1961 to 2006

Sub-basins/Basin No.of Mann- Normal Probability Trend (at 99
Data (n) Kendall Statistical (P) % Confidence

Statistics (S) Test(Z) Level)

Chenderiang 46 -390 -3.684 0.0002 Decreasing
Kampar 46 -323 -3.050 0.0023 Decreasing
Raia 46 -212 -1.999 0.0456 Decreasing
Kinta @TanjungRambutan 46 -234 -2.207 0.0273 Decreasing
Pari 46 254 2.396 0.0166 Increasing
Tumboh 46 -11 -0.095 0.9245 Decreasing
Kinta@ TanjungTualang 46 -303 -2.860 0.0042 Decreasing
Kinta River Basin 46 -393 -3.712 0.0002 Decreasing
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t/km2/year), 1995 (306 t/km2/year), 1998 (281 t/
km2/year), and 1999 (285 t/km2/year). Despite the
downward trend, the overall SSY trend of SSY from
1961 to 1980 appeared to be relatively stable and
high with an average of 161 t/km2/year. However,
there was an exceptional increase of sediment
discharge in 1981. Meanwhile, the average SSY from
1982 to 1992 (113 t/km2/year) was slightly lower
than the average SSY from 1961 to 1980.
Nevertheless, it increased to an average of 230 t/
km2/year from 1993 to 1999 before it decreased
again to an average of 65 t/km2/year from 2000 to
2006.

Pari River

Pari River basin, which is located at the
northwestern part of the Kinta River basin,
experienced rapid development process,
particularly in the area of Kinta Valley. The
production of SSY at this river basin recorded an
average of 314.3 t/km2/year (Figure5d) with a
maximum SSY of 1,293 t/km2/year in 1995 and a
minimum SSY of 10.8 t/km2/year in 1964.
Therefore, the range between the minimum and the
maximum values was deemed high at 1,282.2 t/
km2/year. In addition, there were also high SSY
readings in 1981 (953 t/km2/year), 1985 (1,206 t/
km2/year), and 1987 (1,008 t/km2/year). Overall,
the long-term SSY trend for this river basin depicted
an increasing trend. In this case, it is plausible that
the diversity of land-use activities, such as massive
deforestation, caused high amount of sediment and
soil to enter the drainage system of Pari River, or in
other words, increased SSY. Accordingly, there were
five phases with different SSY trend. The first phase
(1961–1976) recorded an average SSY of 123 t/km2/
year and it increased sharply to 524 t/km2/year
during the second phase of between 1977 and 1987.
However, there was a shortfall in the third phase
(1988–1994) with an average of 149 t/km2/year.
Following that, it increased dramatically to 761 t/
km2/year in the subsequent phase (1995–2000)
before it declined sharply to 185 t/km2/year from
2001 to 2006.

Tumboh River

Meanwhile, the annual SSY trend for Tumboh River
basin showed a downward trend (Figure 5e) with an
average of 1.0 t/km2/year. The maximum SSY of 2.8
t/km2/year was recorded in 1988 whereas the
minimum SSY of 0.07 t/km2/year was recorded in
1990. The other high values of SSY recorded were

2.03 t/km2/year in 1984, 2.08 t/km2/year in 1985,
and 2.8 t/km2/year in 1988. In particular, there were
three phases with different SSY trend for this river
basin. The first phase (1961–76) recorded an average
of 0.42 t/km2/year before it increased to 1.33 t/km2/
year during the second phase (1977–87). The third
phase (1990-2006) recorded a lower average of 0.39
t/km2/year.

Mann Kendall Test

The Mann-Kendall test was applied in this study to
verify the significance of long-term annual SSY
trend for the Kinta River basin. Compared with the
annual discharge trend that mostly showed an
increasing trend, the trend of SSY showed the
opposite trend except for Pari River basin (Table 4).
The overall SSY trend of the Kinta River basin
showed a highly significant reduction at 0.01 level (S
= -393).

Thus the decreasing long-term SSY trend for a
drainage basin could be influenced by several
human activities, for instance, the construction of
dams and lakes will potentially reduces the amount
of SSY in the downstream area (Trimble, 1999;
Rahaman, 2004; Ismail et al., 2010, Gao et al., 2012;
Memarian et al., 2012; Toriman et al., 2012; Sani et al.,
2012). Ulu Kinta dam was completed in 2006 and
began operation in 2007 (Ismail et al., 2017).  The
second factor that could have impacted the SSY of
the Kinta River basincould related to the decreased
mining areas in the catchment which has been
reported earlier (ITC, 1974; 1984).

This study demonstrated that the decreasing
long-term SSY trend for the Kinta River basin is with
the value of S= -393. With an average of 2,417.6 t/
km2/year, the maximum SSY of 8,757.3 t/km2/year
was recorded in 1973. High SSY readings were also
recorded in 1970 (5,041 t/km2/year), 1972 (4,699 t/
km2/year), 1976 (6,305 t/km2/year), 1980 (6,542 t/
km2/year), and 1985 (5,476 t/km2/year). These data
demonstrated the impact of rapid development
process in this basin on the (high) amount of SSY
over these years.

Clearly, the national development policy,
particularly the NEP, promoted the conversion of
forest areas into large-scale agricultural estates, such
as rubber and oil palm plantations. In order to
process the raw materials of these agricultural
products and to provide for the downstream
industries, new industrial areas and other facilities,
such as residential areas, business hubs, and other
infrastructures, were built. The massive
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deforestation led to the problem of increased SSY in
the drainage basin. This follows Abernethy’s (1990)
analysis of sediment yield based on reservoir
sedimentation in Southeast Asia’s reservoirs
impacted by land use change during the twentieth
century who observed that the annual rate of

sediment yield increase between 2.48 – 6.02% per
year. The sediment yield increase is paralleled with
the rate of population growth in the areas
concerned. He also suggested that the annual
suspended sediment yields in many developing
countries were currently increasing at a rate
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equivalent to 1.6 times the rate of population
increase (Walling and Webb, 1996). The combination
of anthropogenic alteration and fragile landforms in
Southeast Asia give rise to very high local sediment
yields (Gupta, 1996).

CONCLUSION

The trend of SSY of Kinta River basin were analysed
and presented. The SSY is closely associated with the
land-use development activities, including the
clearance and opening of such areas for various
human activities, such as for the purposes of
agriculture, residential, new township, and
others.The SSY trends for Kinta River basin and sub-
basins demonstrated a declining trend, except for
Pari River basin. The Pari River basin is a rapidly
growing downstream area of where the Ipoh city
lies. With respect to the increasing demands of the
population, the rapid urbanisation in this area has
resulted in the development of numerous urban
areas in Ipoh city and its peripheral areas. Large
forest areas and agricultural plantations were

converted into township areas, which further
increased the amount of SSY in this basin.
Nevertheless, the decreasing SSY trend for the Kinta
River basin did not exclusively imply the absence of
land-use activities altogether, but more of an
indication that the development process in this area
may have been at a slower and staggering pace. In
particular, the forest land-use changes appeared to
have affectingsome part of the total Kinta River
basin area, resulting in the downward trend of SSY.
The changing development phases would
continuously affect the forested land uses and
contribute to higher SSY, especially when there are
no control measures in place. The main reduction in
SSY was due to declining mining areas since 1960,
and the creation of Ulu Kinta dam is partially
responsible for the reduction in SSY of Kinta River
basin starting 2005.
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