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ABSTRACT
Forest conversion has potentially affecting the hydrological processes within the
catchment area especially in tropical countries due to the frequent and intense rainfall.
Thus, the aims of this study are:- i) to evaluate the water flow pattern for oil palm
plantation and regenerated forest catchments; and ii) to compute the new and old water
contributions to stream discharge from these two types of catchments during storm
events. Isotopic (Oxygen-18 (δ18O)) approach was applied to perform two-component
hydrograph separation for the monitored five storm events. Our results showed that new
water was ranging between 51 to 59% under regenerated forest catchment and 63 to
69% under oil palm plantation catchment, respectively. This implies that more new
water was generated in the overland flow from oil palm canopies due to limited
infiltration (soil compaction) within oil palm catchment. Our results also discovered
that new water has dominated the runoff volume during peak flow. It is evidenced that
rainfall has become the main source of supplying new water in both catchments due to
overland flow or rapid subsurface delivery of storm water. Detailed study on the long
term flow regime is necessary to formulate an effective management strategy for
protecting water resources in the tropic.
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INTRODUCTION
In Malaysia, increasing lands conversion to profitable land uses such as oil palm estate and forest plantation
have raised concerns among authorities, scientists, environmentalists and relevant communities. It has been
associated by the removal of the primary forest and expanded significantly (Koh and Wilcove, 2008). It was
estimated that about 1.2 million hectares of rainforests have been developed into oil palm plantation in year
2012 and was projected to be increased to 1.5 million hectares by the year 2020. The wide-spread and extensive
clearance of rainforest into large scale oil palm plantations was mainly driven by the high global market prices,
which provide good profit margin compared to other types of land use. The state government of Sarawak has
allocated 1 million hectares of land that will be developed for tree plantations due to the increasing demand for
industrial wood (Chan, 1998). Other activities such as urbanisation and rural development also drastically
increased which directly reduce the rate of forested areas. The decline of forested area is inevitable as new land
needed for the expansion of settlements to meet the demand of the growing population which is expected to
reach 32 million by year 2020 (Thang, 2009). The environmental consequences of land use change have
been depicted through deterioration of water quantity and quality, loss of biodiversity, soil fertility degradation
and effects on freshwater macro invertebrates (Ahern et al., 2011; Mercer et al., 2013).
In general, land use changes always link to the disturbance of forest functional systems and instability of
environmental conditions in catchment areas, for example, the overland flow generation of hydrological systems
(Ziegler et al., 2004). Forest conversion has potentially affecting the hydrological processes within the
catchment area (Lambin & Geist, 2003). It is essential to first understand the hydrological behaviour of the
catchment system in order to assess any form of disturbances associated with land uses (Dykes and Thornes,
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2000). Black box approach in hydrological study, by relying only on rainfall and discharge data often has
limitation in describing numerous different processes or combination of process that influence a catchment
hydrologic regime (Beven, 1991; Latron and Gallart, 2008). For example the hydrograph behaviour is the
interplay of several processes such as rainfall characteristics, canopy interception storage and loss,
evapotranspiration, surface runoff, hydrograph separation to quantify event and pre-event water, and soil
water content. All these components are needed to quantify runoff generation processes for ensuring sustainable
land use.
In addition, the conversion of complex structure of forest canopies in the tropics into monostructure canopies might alter the runoff generation processes within catchment area and are suggested to be
sensitive to such land use changes (Shuttleworth, 1988). The impact of land development in Malaysia especially
on runoff generation processes in agricultural plantation ecosystem has not been studied so far in a significant
way. Information on runoff generation processes is still not well understood especially under oil palm
catchments as many hydrological researches in Malaysia are confined to forested ecosystems. Consequently, it
is vital that the runoff generation processes are properly study in the oil palm ecosystems. Thus, the objectives
of this study are: i) to investigate the runoff flow pattern from oil palm plantation and regenerated forest
catchments; and ii) to determine the contribution of new and old waters into the stream discharge from both type
of catchments during storm events.
MATERIALS AND METHODS
Site Description:
The study sites are located at Sg. Maong oil palm plantation catchment, Sibu district (N 01o 54’ 23.1”; E
o
112 14’ 13.4”) and Sg. Mina regenerated forest catchment, Bintulu district (N 02o 49’ 44.6”; E 113o 13’ 41.4”)
of Sarawak, Malaysia (Fig. 1). Generally, Sg. Mina is a tributary of Sg. Kakus headwater while Sg. Maong is a
tributary of Sg. Kanowit headwater catchment. The summary of physiographic description of these two
catchments are showed in Table 1.

Fig. 1: Location of Sarawak and study catchments.
Rainfall-Runoff Measurements:
Rainfall was measured by using 0.2 mm tipping bucket rain gauge (HOBO ONSET RGM-2) during the
study period. An automatic water level recorder (MDS-Dipper pressure sensor) associated with data logger was
installed at both studied catchments for monitoring the continuous stream water level. Stream discharge was
measured by using volumetric gauging method. Rainfall and stream water samples were collected from five
storm events at these two catchments. The rainfall and stream water samples were analyzed for oxygen-18
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(δ18O) isotope at Malaysian Nuclear Agency (MINT) laboratory by using SIRA 10 mass spectrometer (SIRA 10
MS).
Table 1: Summary of physical characteristics of the study catchments.
Catchment
Sg. Mina
Location
Bintulu Division
Topography
Rolling hill area
Soil texture
-sandy clay
Total area (ha)
approx. 25.0
Stream length (m)
651
Stream max. elevation (masl)
78
Stream slope
0.032
Catchment length (m)
772
Catchment max. elevation (masl)
87
Mean catchment slope (m/m)
0.055

Sg. Maong
Sibu Division
Undulating hill area
- course sandy clay
23.0
453
63
0.063
521
83
0.076

Two-component Hydrograph Separation Analysis:
The well-established two component model was used to estimate the contributions of new and old waters to
the total storm flow runoff during the storm event (Pinder & Jones, 1969). In the case of n runoff components
and n-1 observed tracers t1, t2,….tn-1, the following n linear mixing equations can be written as follows:
QT = Q1 + Q2 +…+ Qn
QT = Q1 + Q2 +…+

(1)
(2)

Qn

Where, QT is the total runoff; Q1, Q2,…,Qn are the runoff components; and , ,…, are the respective
concentrations of one observed tracer ti. (Hoeg et al., 2000).
The application of these equations is based on some certain assumptions: 1) there is a significant difference
between tracers of different components; 2) rainfall can be characterized by a single isotopic value; 3) the tracer
concentrations are constant in space and time; 4) contributions of an additional component must be negligible;
5) the tracers mixed conservatively (Sklash & Farvolden, 1979; Buttle, 1994).
Then, the contribution of new water (QE) and old water (QP) to total (QT) can be estimated by using
Equation (3) and Equation (4), respectively.
=

…..(3)

and

=

…..(4)

Oxygen-18 (δ18O) is suggested to be applied for hydrograph separation because this component is stable in
the sense that it does not change its physio-chemical characteristics during the flow phenomenon or during
contact with soil (Bowen, 1991; Matsubayashi et al., 1993).
RESULTS AND DISCUSSION
A total of 29 individual water samples were collected from five storm events at both catchments. The runoff
water samples were collected from discharges ranged from 0.003 to 0.05 m 3s-1 during these five storm events
(Figs. 2 and 3). Isotopic δ18O values for forested and oil palm catchment were ranged from -7.70 ± 0.044‰ to 12.63 ± 0.039‰ and -10.46 ± 0.034‰ to -13.22 ± 0.013‰, respectively. The total rainfall depth at forested and
oil palm catchments were observed at a range of 12.3 to 42.7 mm and 11.7 to 37.3 mm, respectively. The
runoffs were ranged from 1.7 to 6.3 mm (regenerated forest) and 1.2 to 5.2 mm (oil palm plantation),
respectively. Time to peak and time of concentration (Tc) during the study period were ranged from 0.30 to 0.55
hrs (regenerated forest); 0.28 to 0.49 hrs (oil palm plantation); and 1.5 to 2.5 hrs (regenerated forest); 1.4 to 2.3
hrs (oil palm plantation), respectively (Table 2). Two-component hydrograph separations analysis revealed that
higher percentage of new water occurred in both catchments. These findings showed similar pattern with other
studies elsewhere such as Goller et al. (2005) in Ecuador and Liu et al. (2008) in China, which both reported
that new water was dominate in stormflow runoff. Sklash & Farvolden (1979) observed that both overland and
stream flow were dominated by new water in response to a very intense storm on a much drier basin.
In addition, higher percentage of new water was observed for oil palm catchment compared to forested
catchment. Our results showed that new water was ranging between 51 to 59% under regenerated forest
catchment while 63 to 69% under oil palm plantation catchment, respectively. This implies that more new water
was generated from oil palm canopies due to limited infiltration (soil compaction) within oil palm catchment.
Our results also discovered that new water has dominated the runoff volume during peak flow. It is evidenced
that rainfall has become the main source of supplying new water in both catchments which was due to overland

68

Geoffery James Gerusu et al, 2015
Australian Journal of Basic and Applied Sciences, 9(1) January 2015, Pages: 65-70

flow or rapid subsurface delivery of storm water. The results also indicating the rapid response of the stream
water levels to the onset of rainfall (Figs. 2 and 3). Goller et al. (2005) found that new water will use the nearsurface flow paths to reach the stream channel quickly. They had observed a rapid change of δ18O values of
stream water right after the storm was ceased.
Table 2: Storm characteristics for 5 storm events at forested and oil palm catchments.
New dates
Total new
Total
Oxygen-18 (mm)
Time to
rainfall (mm)
Runoff
Peak
(mm)
(hour)
9/3/2012
22/8/2012
23/7/2012
25/9/2012
18/12/2012

42.7
12.3
37.3
11.7
33.7

6.3
1.7
5.2
1.2
4.8

3.7 (58.7%)
0.9 (52.9%)
3.6 (69.2%)
0.7 (58.3%)
3.0 (62.5%)

0.55
0.3
0.49
0.28
0.44

Time of
Concentration (TcCenter of Rainfall)
(hour)
2.5
1.5
2.3
1.4
2.1

Catchment
Location
Forested
Forested
Oil Palm
Oil Palm
Oil Palm

(a) 9 March 2012

(b) 22 August 2012

Fig. 2: Variations of δ18O‰ in forested catchment compared with discharge and hyetograph-hydrograph
characteristics for (a) 9 March 2012 and (b) 22 August 2012 storm events.
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(a) 23 July 2012

(b) 25 September 2012

(c) 18 December 2012

Fig. 3: Variations of δ18O‰ in oil palm catchment compared with discharge and hyetograph-hydrograph
characteristics for (a) 23 July 2012, (b) 25 September 2012 and (c) 18 December 2012 storm events.
Conclusions:
This study has monitored five storm events for the hydrological processes at regenerated forest and oil palm
catchments in Sarawak, Malaysia. Two-component hydrograph separation analysis was carried out to determine
the contribution of old and new waters into the stream discharge during the storm event. The following
conclusions have been made:
i) New water has dominated the runoff volume during peak flow at regenerated forest and oil plam plantation
catchments.
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ii) Higher percentage of new water was generated under oil palm canopy compared to regenerated forest during
storm event.
iii) Soil condition and rainfall characteristics are the two main parameters in determining the proportions of old
and new waters that contributing to the storm water runoff.
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