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A study was conducted on the impact of forest clearance on discharge from newly established Hopea odorata plantations catchment
(14.4 ha). The stands were two years old when this study commenced in year 2006 and the data collection was carried out for
two years. The forested catchment (C3) was clear-cut during the preparation of the forest plantation and catchment C1 was left
undisturbed. Discharge and rainfall were measured continuously for two years. The discharge measured from years 1997 to 2003
was used also to determine the water yield before and after forest clear-cut. This study showed that the plantation catchment is more
responsive to storm with higher total water yield than in the forested catchment. The effect of forest clear cutting to discharge was
clearly shown by the increment in the amount following the clear-cut activities and time taken for the recovery of the discharge
back to its original state was almost three years. The peak discharge in C3 also was affected in which the biggest change was obtained
during the forest clear-cutting period compared with during calibration and after clearing periods. This study is useful as basis for
improving the existing guidelines on forest plantation establishment.

1. Introduction
The effects of deforestation on catchment hydrology are
dependent on the removal of dominant plant species and
the climate [1]. In catchments that receive high rainfall
and have tall vegetation, streamflow is a useful indicator of
hydrological responses to land-use change [2]. Increase in
water yield would be expected following deforestation or
removal of forest cover. The magnitude of increase varies with
the annual rainfall and the proportion of cover removed [1].
In Malaysia, the main conversion of forest is from
lowland forest to agriculture, especially rubber and oil palm
plantations, which started in the early 1960s. The study
on hydrological parameters by Abdul Rahim [3] on the
conversion of secondary dipterocarp forest to cocoa and oil
palm plantations at Sungai Tekam, Pahang, revealed that
the highest increases in water yield occurred in the second
and fourth years after treatment with 157% and 470% of

increments, respectively (𝑃 = 1878 mm yr−1 ). The forested
catchment had been subjected to timber logging, clear
felled, burning of logs, road construction, and tree plantings.
Another study carried out by Abdul Rahim and Harding [4] at
Berembun Watershed, Negeri Sembilan, showed the effects of
selective logging (commercial and supervised) on water yield
and streamflow. They found significant water yield increases
in both catchments of which 70% was from commercial
logging and 37% was from supervised logging following the
treatments, and the increases continued until the fourth year
(𝑃 = 2126 mm yr−1 ). However, a small increase in the water
yield was observed in the study at Sipitang, Sabah by Malmer
[5] when logged over forest was converted to A. mangium
plantation involving manual felling, manual wood extraction
and no burning was applied. Annual water yields increases
were observed from 80 to 197 mm for 3 years of study duration
(𝑃 = 3341 mm yr−1 ). The study also included the conversion
of secondary vegetation to A. mangium plantation which
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applied the normal practices and the results showed that the
water yield was increased higher than the manual felling with
89–522 mm with the same time duration.
The impact of forest harvesting, thinning, and other
silvicultural treatments on runoff has been carried out by
scientists using paired catchment experiments in which the
catchment size is less than 100 km2 and the results have shown
that forest harvesting can significantly increase annual runoff
and magnify peak flow [6–13].
Forest plantation will be the future source of timber to
meet the forest resources demand and also because logging
in upper hill forest will be more costly. However, there is no
examination on the effect of establishment of forest plantation
on runoff characteristics in Malaysia.
The purpose of this study was to analyse the hydrograph
characteristics of a young forest plantation (C3), Hopea
odorata, in comparison with a forested catchment (C1). From
the hydrograph, water discharges (𝑄) were determined using
equations which were obtained from rating table curves
of each catchment, followed by the hydrograph separation
processes in order to separate the stormflow from the
baseflow before further analysis can be carried out. The
studies focused on four aspects; that is, first, in the water
yield aspect, we use the unpublished daily discharges data
from years 1997 to 2004, 2006, and 2007 in the analysis
of water balance with the objective to look at the changes
over the selected years. In the other two aspects, we used
the 2006 and 2007 data observation only for hydrograph
analysis of stormflow and stormflow response to rainfall
characteristics. The stormflow analysis is to determine the
relationships between the stormflow and rainfall for both
catchments while stormflow response to rainfall is to examine
the hydrograph characteristics differences between the two
catchments related to wet and dry conditions of the soil.
The last aspect is the analysis on peak discharges before and
after the forest clearance from 1997 to 2007. The regression
analysis on dummy variables was applied on peak discharges
to determine the effect of forest clearance on 𝑄.

2. Material and Methods
2.1. Study Area. This study was conducted in catchment
C1 (32.8 ha) and catchment C3 (14.4 ha) at Bukit Tarek
Experimental Watershed (3∘ 31 30 N, 101∘ 35 E, 48–213 m;
Figure 1), Peninsular Malaysia. This forest is classified as
a lowland rainforest and was first logged in 1963. The
catchment characteristics of C1 and C3 are shown in Table 1.
The original composition of vegetation was dominated by
Koompassia malaccensis, Eugenia spp., and Canarium spp.
The period between January 1997 and October 1999 was
taken as a calibration period. The commercial timber trees
in C3 were logged from November 1999 until August 2000.
The remaining unmerchantable trees were clear-cut and the
residual trees were burnt from December 2003 to January
2004 prior to forest planting. The Hopea odorata trees were
planted in April 2004. The trees were about two years old
when this study was initiated. The period of data observed
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Figure 1: Bukit Tarek Experimental Watershed, Kerling, Selangor.

from September 2000 to December 2003 was considered as
the period after forest logging.
This area is dominated by metamorphic rock from Arenaceous series with silt sediment which was formed in Triassic
Era [15]. Some slopes in these catchments can reach up to 40∘
as a result of metamorphic process in this area with strong
forces from both W-SW directions [16, 17].
2.2. Hydrological Observation. Runoff discharge was measured at the 120-degree V-notch weir at the stream outlet
of catchment. Weir flow rate was continuously monitored
using the float-type water level instruments (C1: Steven
Recorder Chart; C3: W-021, Yokogawa, Japan) and capacitive
water level sensor (C1 and C3: WT-HR, TruTrack, NZ). The
discharge was calculated using rating table for dischargestage relationships. Rainfalls were measured by a standard
manual storage rain gauge and a tipping bucket rain gauge
near the weirs. Automatic tipping bucket rain gauge by Ota
Keiki Seisakusho (s/n 689012) with bucket capacity sensitivity
of 0.5 mm/tip and receiver diameter is 200 mm ± 0.3. Rainfall
events were defined as a rain amount captured >0.5 mm with
no periods of rainfall of more than 6 hours from the last
rainfall events.
2.3. Analysis. The average daily discharges of years 1997, 1998,
1999, 2000, 2001, 2002, 2003, 2004, 2006, and 2007 were
used to determine the water yields based on the water years
in Malaysia which starts from July of each year to June in
the following year. Water year, also known as hydrologic
year, which is from 1 July to 30 June of the following year,
is the period for the southern hemisphere. It is based on
any twelve-month period, usually selected to begin and end
during a relative dry season and used as a basis for processing
streamflow and other hydrological data. The year from 1 July
2006 to 30 June 2007 is called the 2007 water year.
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Table 1: Catchment characteristics of C1 and C3.
Element
Size (ha)
Elevation: (m.a.s.l)
Highest
Lowest
Mean slope (%)
Aspect
Stream order
Drainage density (km km−2 )
Morphology
Form factor
Circulatory ratio
Shape factor
Elongation ratio
Vegetation (main)

C1 (undisturbed forest)

C3 (forest plantation)

32.8

14.4

175
48
32.5
Northwestern
3rd order
5.1

150
65
27.7
Southwestern
2nd order
4.6

0.51
0.50
0.71
0.58
1.94
2.01
0.81
0.80
Koompassia malaccensis, Eugenia spp., Canarium spp.
Hopea odorata
Kuala Berang
Kuala Berang
(Orthoxic Tropodult)
(Orthoxic Tropodult)
Bungor (Typic Paleudult)
Metamorphic rocks (quartzite, quartz mica schist, graphitic schist, and phyllite from Arenaceous series)

Soil series
Surficial geology
(Source: Noguchi et al., 1994 [14]).

The hydrographs were separated using the method of
Hewlett and Hibbert [18] into stormflow and delayed flow or
baseflow for C1 and C3. The separation line has the constant
slope of 0.0055 litres sec−1 ha−1 hr−1 which is projected from
the initial rise until it intersects the recession limb of the
hydrograph. Data from January 2006 to June 2007 were used
for stormflow analysis as there were many storms of more
than 30 mm that occurred in year 2006 and less in year 2007.
The selected single storm events were analysed based
on the different rainfall characteristics and soil conditions.
Antecedent precipitation index (API𝑛 ) is widely used as index
to represent soil moisture condition with 𝑛 representing the
number of days selected to be suitable for the index at the
study site. It is defined as follows: API𝑛 = ∑𝑛𝑖=1 𝑃𝑖 /𝑖, where 𝑃𝑖
is daily precipitation (mm) and 𝑖 is days beforehand [19].
It is difficult to determine the time of concentration from
the hydrograph. In the graph of storm events, 𝑡𝑐 was located
at the point of recession limb where the change in the slope
occurred. The kinetic wave equation used to determine the 𝑡𝑐
was as follows:
𝑡𝑐 =

0.93 (𝐿0.6 ) (𝑁0.6 )
(𝑖0.4 ) (𝑆0.3 )

,

(1)

where 𝐿 = overland flow length (m); 𝑁 = Manning roughness;
𝑖 = rainfall intensity (ms−1 ); 𝑆 = average overland flow path
slope (mm−1 ).
The regression analysis of dummy variation was carried
out to detect the changes in flows of the treated catchment
(C3) by using the peak discharge parameter. The method used
to compare regressions by the approach of dummy variables
follows the multistep Chow test procedure. This technique

was originally described by an economist [20] and then
applied in hydrological research by Hewlett [21], Hewlett
and Doss [22], Swindle and Douglass [23], and Hsia [24].
Multiple linear regression with dummy variables was applied
to explain the relationship between 𝑋 and 𝑌 at difference
phases. Full model regression equation is as follows:
𝑌 = 𝛼1 + 𝛼2 𝐷2 + 𝛼3 𝐷3 + 𝛼4 𝐷4
+ (𝛽1 + 𝛽2 𝐷2 + 𝛽3 𝐷3 + 𝛽4 𝐷4 ) 𝑋 + 𝑒
= 𝛼1 + 𝛼2 𝐷2 + 𝛼3 𝐷3 + 𝛼4 𝐷4 + 𝛽1 𝑋 + 𝛽2 𝐷2 𝑋 + 𝛽3 𝐷3 𝑋
+ 𝛽4 𝐷4 𝑋 + 𝑒,
(2)
where 𝑌 is peak discharge of treated catchment (C3), 𝑋 is
peak discharge of control catchment (C1),

𝐷2 = {

1, for forest clear-cutting phase
0, for other phases,

𝐷3 = {

1, for recovery phase
0, for other phases,

𝐷4 = {

1, for postplanting phase
0, for other phases,

and 𝛼𝑖 and 𝛽𝑖 are parameters of regression model.

(3)

4

International Journal of Forestry Research
Table 2: Yearly discharges (Q) and annual loss (ET) of C1 and C3 based on water year and by percentages of rainfall.
Water year
P (mm)
Q (mm)

C1
ET (mm)
Q (mm)
C3
ET (mm)
Activities in C3

1998

1999

2167.2
2898.0
631.7
1276.9
(29.1%)
(44.1%)
1535.5
1621.1
(70.9%)
(55.9%)
418.7
1005.0
(19.3%)
(34.7%)
1748.5
1893.0
(80.7%)
(65.3%)
Calibration

2000

2001

2002

2003

2004

2007

3177.0
1725.6
(54.3%)
1451.4
(45.7%)
1490.0
(46.9%)
1687.0
(53.1%)

2707.0
1554.2
(57.4%)
1152.8
(42.6%)
1557.6
(57.5%)
1149.4
(42.5%)

2507.0
1051.8
(42.0%)
1455.2
(58.0%)
845.5
(33.7%)
1661.5
(66.3%)
Recovery

3385.8
1859.2
(54.9%)
1526.6
(45.1%)
1352.3
(39.9%)
2033.5
(60.1%)

2886.0

3474.7
2021.7
(58.2%)
1328.5
(41.8%)
2133.9
(61.4%)
1216.3
(38.6%)

Forest clearance

NA
NA
1217.1
(42.2%)
1668.9
(57.8%)
Planting

NA = not available.

Full model regression equation is as follows:
𝑌 = 𝛼1 + 𝛼2 𝐷2 + 𝛼3 𝐷3 + 𝛼4 𝐷4
+ (𝛽1 + 𝛽2 𝐷2 + 𝛽3 𝐷3 + 𝛽4 𝐷4 ) 𝑋 + 𝑒
= 𝛼1 + 𝛼2 𝐷2 + 𝛼3 𝐷3 + 𝛼4 𝐷4 + 𝛽1 𝑋 + 𝛽2 𝐷2 𝑋

(4)

+ 𝛽3 𝐷3 𝑋 + 𝛽4 𝐷4 𝑋 + 𝑒,
where 𝛼1 is intercept before clear felling (Calibration), 𝛼2 ,
𝛼3 , and 𝛼4 are differential intercepts, 𝛽1 is slope coefficient
before clear felling, and 𝛽2 , 𝛽3 , and 𝛽4 are differential slope
coefficients.

3. Results and Discussion
3.1. Water Yield Changes. Generally, Table 2 shows the discharges from the two small headwater catchments fluctuated
according to the rainfall received in that particular year. The
water yield of C1 was very low in 1998 water year which
coincided with the extreme weather that occurred in the
same year but it was increased the following 1999 water year
with the increase in rainfall. The rainfall received was also
low in 1998 water year compared with the long-term average
(2816 mm). Discharges were higher than ET for undisturbed
forest (C1) in 2001, 2003, and 2007 water years (except in 2002
water year).
The same situations also found in C3 in 1998 and 1999
water years with Q were less than ET. In the following year
after forest clearance of C3, Q was more than ET but reduced
to be lower from 2002 to 2004 water years and then became
higher again in 2007 water year, that is, two years after tree
planting. There were lacks of Q data for years 2004 and 2005
(C1) and year 2005 (C3). Hence, the water balances were not
available for 2004, 2005 and 2006 water years (C1) and 2005
and 2006 water years (C3).
Meanwhile, it showed that the discharges amount was
lower in C3 than in C1. This is related to the differences
between the two catchments. C1 is bigger and has a higher
stream order than C3. But in the 2007 water year, the water
yield indicated that the discharge from C3 was higher than
C1 after it had been cleared again in 2004 before planting
and two years after the trees were planted. The difference

was only 188 mm which is small compared with the yearly
total, considering that the forest plantation was in the growing
stage.
Based on the water balance analysis the water yields, Q
ranged from 29.1–58.2% of P, (C1) and 19.3–61.4% of P (C3),
while the ET values ranged from 41.8–70.9 % of P (C1) and
42.5–80.7 of P (C3). The high ET found in this study, suggest
that humid tropical forest needs high energy to satisfy its
evapotranspirative demands.
The impacts of forest plantation establishment depend
on two major factors which are the clear felling operation
and plant species characteristics. The site (C3) was clearcut and the use of heavy machinery during site preparation
damaged the soil surface and increased the surface runoff.
The construction on forest roads and skid trails in the forest
logging operation in C3 also contributed quite a major
portion of surface runoff to the stream. Earlier, study at C3 by
Sidle et al. [25] found that the logging roads contribute more
𝑄 to the stream than the skid trails. As the result, 78% of the
soil loss from the road system (including log landings) was
delivered to the stream in the 16 months after forest logging
begun.
This finding concurred with Negishi et al. [26] who
highlighted the importance of intercepted subsurface flow
(ISSF) contribution to road runoff and sediment transport at
C3. The area of C3 constituted 3.2% of logging roads, 6.5%
of skid trails, and 1.5% of log landing areas. The one year
study revealed that 79% of the road runoff was contributed by
the ISSF. The runoff came not only from vertical and lateral
subsurface flow but also from preferential flow pathway in
soil, including decayed and live root channel.
There was not much differences in water yield in C1.
However, C3 showed significant increase in water yield after
the forest was clear-cut and it took about three years before
the values started to decline as the forest was recovering
(Figure 2). As the H. odorata in C3 was still young (2 years
old) the water yield in C3 was higher than C1 by 188 mm.
The results from this study are consistent with the
findings from small paired-watershed studies with an area
of less than 100 km2 . The annual runoff was found almost
similar to the finding from other studies despite the difference
in forest species, forestry operation, and climatic condition.
This has been shown in the studies by Scott and Prinsloo [9]
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Figure 2: Changes in cumulative daily discharge between C1 and
C3 which showed the effect of clear-cutting during the preparation
of forest plantation in C3.

and Alila et al. [10]. The effects also were found in earlier studies by Bruijnzeel [27] and Waterloo et al. [28]. The greatest
effect on discharge was observed during forest clearance and
the recovery period begin for 2−3 years after planting has
completed. The study of five small catchments by Webb et
al. [29] showed a significant increase in streamflow following
forest disturbance. For the catchment which was logged and
burnt the annual runoff had returned to pretreatment levels
within 2.5 years. The annual water yield changes range from
120 to 319.6 mm.
The study on impacts of forest harvesting of a large
watersheds (>1000 km2 ) which was conducted by Zhang et
al. [30] at Yangtze River basin (2528 km2 ) showed that the
significant annual runoff change occurred about 10 years after
the intensive harvesting with the average in annual runoff
increment being 38 mm yr−1 .
3.2. Stormflow Characteristics. Rainfall less than 30 mm
(small storms) produced small stormflows and therefore
the effect of antecedent soil moisture was not obvious.
Under this condition, the bulk of stormflow was contributed
by channel precipitation and direct runoff riparian areas.
When the storm was more than 30 mm, the stormflow
produced was heavily governed by the soil moisture conditions which involved interflow/subsurface flow processes.
Results from the hydrograph separation showed that the
stormflow responses to storms can be clearly divided into wet

and dry conditions. As suggested by Noguchi et al. [31],
the relationships between rainfall and stormflow for storms
more than 30 mm can be evaluated using linear regressions
as shown in Figure 3 for C1 and C3, respectively.
The changes in the hydrologic response to forest clearing
and subsequent planting of plantation species were detected
by the relationships between stormflow and rainfall amount
under wet and dry conditions. The stormflow response was
closely related to the antecedent soil moisture conditions.
With the smaller forest canopy, less rainfall was needed to
start producing stormflow compared with a much denser
forest during wet and dry conditions. With more vegetation
covering the surface, the stormflow duration was longer with
more time taken during the recession period.
The linear regression equations show that the stormflows
started to increase when the rainfalls exceeded the threshold
limits of 34.5 mm for C1 and 22.1 mm for C3 during wet
conditions. The thresholds rainfall for stormflow production
increased slightly during dry conditions to 53.1 mm for C1
and to 45.8 mm for C3, respectively. C3 responded faster than
C1. Another event occurred between wet and dry conditions
where large rainfall with low stormflow was determined and
it was considered as transition between the two conditions.
During rains that occurred following the dry conditions,
water was absorbed quickly in the soil so that only small
stormflows were produced even though the amounts of
rainfall were large.
3.3. Stormflow Response to Rainfall Characteristics. The
hyetograph and single peak storm hydrograph analysis
demonstrate the quick responses of these two catchments
with the stormflow (QF) duration and time of concentration
(𝑡𝑐 ) were faster in C3 than in C1, while the times to peak (𝑡𝑝 )
were almost the same for both (Table 3). The rising limbs of
the hydrographs for both catchments were very steep and the
recession limbs depended on the rainfall intensity, especially
during large storm events. This analysis used 21 single peak
storm events both in C1 and C3. On average, C1 has a longer
stormflow duration (12.1 hr) compared with C3 (7.0 hr). This
is expected because the overland flow path length in C1
(75.0 m) is longer than in C3 (13.9 m). The estimated time of
concentration 𝑡𝑐 in C1 was 24.7 min, whereas for C3 it was
only 13.8 min. Although the maximum and minimum times
to peak 𝑡𝑝 for C1 and C3 showed considerable differences, the
average 𝑡𝑝 values for both catchments were very close.
The forest clearing resulted in C3 responded faster than
in C1. The hydrograph shape with a steep rising limb and
concave recession limb is quite typical to vegetated small
catchments. For example, in the subhumid tropical forest
of Karso watershed in India, with an annual rainfall of
1243 mm, Rai et al. [32] found that the hydrograph response
to rainfall varied with rainfall intensity and vegetation cover
changes in rainfall-runoff responses as a result of natural
forest conversion to forest plantation, especially during large
storm events.
Besides the influence of vegetation cover on runoff
generation, rainfall intensity also plays an important role in
stormflow generation. For the same amount of storm size,
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Figure 3: Relationships between stormflow (QF) and rainfall events during wet and dry conditions in control catchment C1 (a) and plantation
catchment C3 (b) for observation from January 2006 to June 2007.
Table 3: Single peak hydrograph characteristics in C1 and C3 for 2007 water year. The parameters include time to peak (𝑡𝑝 ), quick flow (QF)
duration, and time of concentration (𝑡𝑐 ) with 𝑛 being the number of storms.
Time to peak, 𝑡𝑝 (min)
C1 (𝑛 = 25)
C3 (𝑛 = 33)

QF duration (hr)

Max

Min

Mean

Max

Min

Mean

42.0
54.0

6.0
12.0

28.5
27.4

35.0
23.7

1.4
1.5

10.9
6.2

short storm duration (high intensity) produces more total
discharge and also stormflow duration is shorter for less
vegetated surface than matured forest canopy. The largest
effect on the changes can be seen in the analysis of single
peak storm events. The magnitude of peak discharge was
higher and the QF duration was shorter in C3 than in C1.
The increase in peak flow following forest clearing was also
observed by Guillemette et al. [7] in Montmorency Forest in
Quebec, Canada.
Figure 4(a) shows single peak storm hydrographs on 19
July 2006 for C1 and C3. The soil on 19 July 2006 was
relatively dry because there had been no rain for seven
days before that day and the API30 was 7.5 mm (less than
50 mm). This rainfall was large with relatively long duration
(60 min). The rainfall intensity was also high (58.5 mm hr−1 ).
The hydrograph rose six minutes earlier in C3 than in C1. The
time taken during the recession (peak to end of separation
line) for C1 was almost 1 hr longer than for C3. However,
the shapes of both hydrographs were almost similar. The
hydrographs responded quickly and the recessions were also
rapid with steep slopes. The relatively small rainfall of 28 mm
on 15 October 2006 had a longer duration (50 min) as shown
in Figure 4(b). There had been no rain for three days before
that day and the API30 was 20.3 mm (less than 50 mm).
The resulted hydrograph of C3 was shaper with shorter
time to peak compared with that of C1. The slope of the
recession limb for C3 was also steeper with a shorter time
to reach the end of separation from peak point compared

Time of concentration, 𝑡𝑐 (min)
Max
Min
Mean
47.0
28.1

10.5
8.4

24.0
14.1

with that of C1. The soil conditions were considered wet
on 14 November and 8 December 2006 as the API30 were
89.5 and 54.4 mm, respectively (more than 50 mm). The
longer duration (48 min) of a heavy storm (58.1 mm hr−1 )
showed longer stormflow duration for both catchments on
14 November 2006. The gentle slope of the recession limb
in C1 was in contrast to the sharp slope of a recession
limb in C3 (Figure 4(c)). The stormflow shapes were not
much different between Figures 4(c) and 4(d). Except during
the light rain that occurred in short duration (30 min), the
stormflow duration of C1 was longer than that of C3 on 8
December 2006, as shown in Figure 4(d). The flashy response
and steep recession of stormflow in C3 were shown.
Noguchi et al. [33] described in detail the roles of soil
moisture in rainfall-runoff response at C1. They found that
saturation occurred at 10 cm depth near the river valley
(30–50 m from the river bank) during wet conditions. They
ascribed this to the presence of impeding layers at depths
between 10 and 20 cm which contained high content of
organic matter and high density of roots. This made the layers
highly transmissive relative to the underlying soil layers. This
showed that runoff generation in this catchment is associated
with subsurface flow. The soil layer of Kuala Berang series
at this depth consists of sandy loam to sandy loam with silt
and numerous pores. Noguchi et al. [33] also found that,
during dry condition, the streamflow responded quickly to
rainfall and declined rapidly after the rain had stopped. This
suggested that most of the net rainfalls were retained in the
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Figure 4: Stormflow hydrographs for C1 and C3 during (a) dry condition on 19 July 2006, (b) dry condition on 15 October 2006, (c) wet
condition on 14 November 2006, and (d) wet condition on 8 December 2006.

soil to fill up the soil moisture deficit, and thus only a small
portion could contribute to stormflow. During wet condition,
the soil was wet at all parts of the slope and the rainwater was
found to percolate to deeper parts and downslope as shown
by the observations at 10 cm and 160 cm depths during large
storms.

3.4. Regression Analysis on Dummy Variables for Logging
Effects on Peak Discharge (𝑄𝑝 ). Multiple linear regression
with dummy variables was applied to explain the relationship
between peak discharges of control catchment (C1); 𝑋 and
peak discharges of treated catchment (C3), 𝑌, at difference phases. The peak discharges were determined from
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510 storms from years 1997 to 2007 from C1 and C3. By
using Minitab, the results of multiple linear regressions with
dummy variables could be written as

35

𝑌 = 0.043 + 2.15𝐷2 + 2.21𝐷3 + 6.03𝐷4 + 1.37𝑋

25

(5)

The results also show that not all of the parameters in the
model are statistically significant at 5% level of significance.
𝐷3 (𝑃 < 0.05), 𝐷4 (𝑃 < 0.001), 𝑋 (𝑃 < 0.001), and
𝐷2 𝑋 (𝑃 < 0.05) are statistically significant, but 𝐷3 𝑋 (𝑃 =
0.641) and 𝐷4 𝑋 (𝑃 = 0.551) are not statistically significant.
These results also show that the estimation process of the
multiple linear regression model can be continued until the
final multiple linear regression was determined (i.e., model
with all parameters which are significant).
By using stepwise procedure, the results show that five
predictors (independent variables) significantly influence the
variable 𝑌, that is, variable 𝑋 (𝑃 < 0.001), 𝐷4 (𝑃 < 0.001),
𝐷2 𝑋 (𝑃 < 0.001), 𝐷4 𝑋 (𝑃 < 0.05), and 𝐷3 (𝑃 < 0.05) (in
chronological order at stepwise results). In this final model,
the constant (intercept) is not significant (𝑃 = 0.599), so
we eliminate the constant from the model and reestimate
the model without the constant. Therefore, the final multiple
linear regression model could be written as follows:
𝑌 = 2.11𝐷3 + 6.07𝐷4 + 1.26𝑋 + 2.02𝐷2 𝑋 + 0.290𝐷4 𝑋 + 𝑒.
(6)
This model shows that variable 𝑋 was significant with
reference to variable 𝑌 and the effects were different for each
phase (Figure 5). The effect of 𝑋 on 𝑌 at the forest clearcutting phase is the largest compared with other phases. The
largest slope (𝑏) occurs at forest clear-cutting phase, that is,
3.28. It means that the increase of 𝑋 at this phase also yielded
the largest increase of 𝑌 compared with other phases, that
is, 1.55 at the postplanting phase and 1.26 at both calibration
and recovery phases. The peak discharges increased higher
in C3 than C1 after the removal of forest canopy as the
hydrograph response also showed the faster response and
shorter stormflow duration in C3 with sharp rising limb
and recession compared with C1 with comparatively less
steep rising limb and longer stormflow duration with the
effect of forest canopy cover. Additionally, the constant at
the postplanting phase was the largest compared with other
phases, that is, 6.07, 2.11, and 0 for the postplanting phase,
recovery phase, and both forest clear-cutting and calibration
phases, respectively. This shows that forest clearance changed
the hydrological condition of the forested catchment with the
effect to the peak discharge still existing years after the forest
was planted and it would take time to go back to its original
state with the forest recovery or it would not.
Further analysis of dummy regression showed the effect
of forest clearing in increasing the peak discharge in C3 in
relation to C1. The equation derived from the regression analysis on dummy variables showed the relationships between
the control and treated catchments. These relationships can
be used to predict water yield (peak discharge) that would
occur in the treated catchment which can be applied to
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Figure 5: Multiple liner regressions analysis on peak discharge of
𝑄𝑝 between treated catchment (C3) and control catchment (C1)
after elimination of nonsignificant values in the analysis of dummy
variables.

other treatment catchments at different sites. Four regression
equations from the four stages were involved in the forest
conversion that is calibration period, during forest clear-cut
operation, forest recovery period, and postforest planting.
The highest impact was shown during the forest clearance
operation which showed that the peak flow increased about
3.3 times higher than control catchment, while the rate was
higher for the postforest planting period as the area was
cleared again prior to tree planting.
The colonization by undergrowth and natural vegetation expedites the hydrological recovery in the plantation
catchment. There will be additional water yield for a few
years while the Hopea odorata stands are still young and this
would possibly decrease as the trees attain their full growth
potential.

4. Conclusions
The influence of forest plantation establishment on discharge
characteristics in a 14.4 ha area (C3) was conducted in this
study. Based on the observation carried out for two years
after the establishment of two-year-old H. odorata forest plantation and the analysis of unpublished monthly discharges
data collection, four aspects of analysis were carried out.
It was found that the total discharge in the young forest
plantation was more than in the mature forested stand after
two years of establishment. It means that the forest plantation
establishment increased the streamflow. The yearly water
yield indicated that the values in both catchments were
fluctuated according to the rainfall received in the same year.
The stormflow responses to rainfall vary with soil moisture which is represented by antecedent precipitation index,
incident rainfall, and initial flow. The responses can be clearly

International Journal of Forestry Research
grouped into three conditions, namely,during wet condition,
transitions from wet to dry conditions, and dry conditions.
Strong linear regression relationships were shown between
stormflow and rainfall events.
The response of stormflow in the young forest plantation
(C3) to rainfall was faster than in C1, where less rainfall
amount was needed for the stormflow thresholds for wet and
dry conditions. The water reached the stream faster in C3
as the stormflow duration was shorter compared with C1.
This shows that vegetation is one of the important factors in
controlling runoff generation.
The greatest impact was observed during forest clearance.
Increases in peak discharge and water yield even were still
observed even after two years of forest planting.
This study has demonstrated the difference characteristics
between forested and newly established forest plantation
catchments. Forest plantation can be established with a close
supervision in order to reduce the impact on the environment
as the degree of disturbance determines how long the time
needed for the forest to revert to its background level.
As a recommendation for the future research, detailed
studies over longer time periods would be needed to show the
changes with the growth of the trees. This will help uncover
further characteristics of the H. odorata tree and its suitability
as one of the tree species that can be planted in the forested
catchment. This present study has provided some new and
relevant information on the hydrological behaviour of forest
plantation at Bukit Tarek Experimental Watershed which can
be used in the forest management, particularly of this lowland
rainforest.
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“Rainfall generated stormflow response to clearcutting a boreal
forest: peak flow comparison with 50 world-wide basin studies,”
Journal of Hydrology, vol. 302, no. 1–4, pp. 137–153, 2005.
[8] C. Fernández, J. A. Vega, J. M. Gras, and T. Fonturbel, “Changes
in water yield after a sequence of perturbations and forest management practices in an Eucalyptus globulus Labill. watershed in
Northern Spain,” Forest Ecology and Management, vol. 234, no.
1—3, pp. 275–281, 2006.
[9] D. F. Scott and F. W. Prinsloo, “Longer-term effects of pine and
eucalypt plantations on streamflow,” Water Resources Research,
vol. 45, no. 7, Article ID W00A08, 2009.
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