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Abstract

Graphical abstract

This study was designed to determine the canopy cover, c of the tropical forest
and explore its effects on the interception loss amount. The study area was a
reserved forest Lagong Hill Forest Reserve, Kepong, Selangor, Malaysia, where two
plots with an area of 400 m2 (20 m x 20 m) each have been set up to collect the
data. In order to determine the measured interception loss, rainfall, throughfall,
and stemflow data have been measured on site. The tree with a diameter at
breast height (dbh) of more than 10 cm was selected in collecting the stemflow
data. Twenty-five (25) locations have been chosen for the digital hemispherical
photographs to be taken. The forest standing of the study area has been
visualised by Stand Visualization System (SVS) method, and WinSCanopy 2009a
and RGBFisheye.exe application software has been used to obtain the canopy
cover values. In this study, the correlation between canopy cover and
inferception loss were obtained for both plofs. It is found that the Lagong Hill Forest
Reserve varied has a compact canopy density with canopy cover up to 95%. This
condition will affect the canopy interception loss value ranging from 24.83% up
to 64.72%. The canopy cover and interception loss correlation denote that the
interception loss amount reduces whilst the canopy cover increases.

Keywords: Canopy cover, canopy interception, hemispherical photographs,
rainfall, fropical forest

Abstrak

Kajian ini bertujuan untuk mengetahui penutupan kanopi di hutan tropika dan
juga untuk mengetahui kesannya terhadap jumlah pintasan curahan. Kawasan
kgjian adalah hutan simpan Hutan Simpan Bukit Lagong, Kepong, Selangor,
Malaysia, di mana dua plot dengan luas 400 m2 (20 m x 20 m) telah dibentuk
untuk pengumpulkan data. Untuk menentukan jumlah pintasan curahan, jumlah
hujan, curahan terus dan lelehan batang telah diukur di lokasi. Pokok dengan
diameter pada ketfinggian paras dada (dbh) lebih dari 10 cm dipilih untuk
mengumpulkan data lelehan batang. Dua puluh lima (25) lokasi telah dipilih
untuk diambil gambar hemisfera digital. Kawasan hutan di kawasan kajian telah
divisualisasikan dengan kaedah Stand Visualization System (SVS) dan perisian
aplikasi WinSCanopy 2009a dan RGBFisheye.exe felah digunakan untuk
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mendapatkan nilai penutupan kanopi. Dalam kajian ini, hubungan antara
penutup kanopi dan lelehan batang diperoleh untuk kedua-dua plot kajian.
Didapati bahawa Hutan Simpan Bukit Lagong yang bervariasi mempunyai
kepadatan kanopi yang padat dengan penutup kanopi hingga 95%. Keadaan
ini akan mempengaruhi nilai kehilangan pintasan curahan kanopi antara 24.83%
hingga 64.72%. Korelasi penutupan kanopi dan pintasan curahan menunjukkan
bahawa jumlah kehilangan pemintasan berkurang apabila penutupan kanopi

meningkat.

Kata kunci: Penutupan kanopi, pintasan kanopi, gambar hemisfera, hujan, hutan

tropika

© 2023 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

The canopy cover is referred to as the crown cover, or
canopy coverage, and can be expressed as the
fraction of the forest area covered by the vertical
projection of the tree crowns [1-3]. Canopy cover also
can be presumed as the actual value of the over
storey cover [4]. In the hydrological cycle, the canopy
cover affects the rainfall-runoff hydrology in many
different ways as it retains rainwater during rainfall
before it reaches the ground. In the forest conditions,
interception loss shows a significant function as the
shrubbery cover, which affects the water balance
calculation applied in estimating the volume of water
storage in water catchment. In the water budget
concept, interception loss is a key parameter in the
hydrological cycle that affect the site and the
catchment water balance [5]. This phenomenon can
accumulate up to 15 to 50% of the rainfall volume in
natural forests [6-7]. Due to that, it is a significant part
of the hydrological process for the water budget. One
can adopt different types of canopy interception
value, such as from the on-site measurement or from
the model computation, which can also interplay with
each other [8].

Gross rainfall (rain above canopies) is separated
info three categories by tree canopies: throughfall,
stemflow, and interception. A fraction of the rainfall is
intercepted and temporarily held by the canopies
before evaporates. The term for this phenomenon is
called interception loss. The canopy architecture and
meteorological conditions both have impact on
canopy interception loss [?]. Tree canopy
quantification is essential for interception study. The
canopy cover in natural forests and replanted
plantations show distinct characteristics due to the
different conditions which influence the growth of the
tree canopy [10]. The factors that affected the growth
of the canopy of the tree include nutrition, water
obtained, infection, pest infestations, and stress. Other
purposes of measuring the canopy cover is to
determine the efficiency of the fertilisation process,
the effectiveness of irrigation, and thinning techniques
in agriculture.

The forests canopies are vital in watershed areas
for various reasons, including regulating the water
cycle and promote groundwater recharge. Study on

forest canopy cover has emerged as an essential
component of forest inventories. For starters, canopy
cover has been presented as a versatile ecological
marker that can distinguish between animal and plant
habitats and assess forest light conditions and floor
microclimate. It can also evaluate functional variables
such as leaf area index (LAI), which measures the
photosynthetic leaf area per unit ground area [11-12].

Modern remote sensing implementations provides
automatic canopy data reading over large aerial
extent and can be applied to separate tree canopy
test area [13] for the assessment of canopy cover [14]
or as a first step in differentiating the indicators
produced from the forest floor and the forest canopy.
When utilising experimental or physical-based
vegetation reflectance models to estimate LAl
canopy cover is an essential supplementary variable
[15-16]. Field-based canopy cover measurements are
required to validate remotely sensed canopy cover
estimations and the development of novel remote
sensing techniques. The United Nations Food and
Agricultural Organization (FAO) defines a forest as a
land noless than 0.5 ha with canopy cover of over 10%
and tree height of at least five metres [17].

Numerous studies have presented the correlation
between forest elements to interception. Crockford
and Richardson, 2000 [?] and Azinoor and Khairudin,
2017 [18] show the effects of forest type on the
interception loss values. Staelens et al, 2006 [19]
derived the relationship between canopy cover and
throughfall process, Manfroi et al., 2004 [20] studied
the effects of diameter at breast height (dbh) with
stemflow and Dietz ef al., 2006 [21] investigated on the
effects of tree height and leaf area index fo
throughfall. Crockford and Richardson, 2000 [9] stated
that larger crown size and canopy gaps would
generate enormous interception loss. Admittedly,
canopy gaps and crown size are significant
parameters in determining the interception of a study
area.

Other studies show that canopy cover is a crucial
measure of the forest condition and it is used in studies
of climate change reduction, disease observation,
and forest management [22]. While the canopy cover
affects the rainfall interception, it also is affected by
the rainfall tfemporal resolution [23]. Unfortunately,
there is still a lack of study concentrating on the
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significances of forest stand canopy cover to the
canopy interception, especially for tropical forest.
Therefore, this paper aimed to present the correlation
between canopy cover and interception loss in the
fropical forest.

2.0 METHODOLOGY
2.1 Study Area

The study was conducted in a primary lowland mixed
dipterocarp forest reserved forest in Lagong Hill Forest
Reserve, Selangor (3° 15" N and 101° 37’ E) and is
located in the Peninsular of Malaysia. The reserve
covers an area of 485 hectares where about 78% is
planted forest. This forest is partitioned into 53 fields
with over 60 different categories and species of plants
[24]. The location of Lagong Hill is shown in Figure 1.

Bkt Lagong Forest Reserve

31507, 101437'1° €

Figure 1 The location of the study area

2.2 Canopy Characteristics

Two plots, namely Plot 11 and Plot 12, have been set -
up in this study area to collect data on throughfall,
stemflow, and canopy cover. The plots were marked
with PVC pickets with 20 m x 20 m square size area. The
plots have 400 m2 each and have sub-grids of 5m x 5
m interval length. In both plots, frees with a diameter
at breast height (dbh) more than 10 cm were
identified, marked and numbered. In Plot 11, there are
21 trees; meanwhile, in Plot 12, there are 20 trees. Trees
in Plot 11 are mainly Kulim species, whereas Plot 12is a
mixture of Kledan, Mempisang, Simpoh and Keruing
species. For canopy characteristics, the height of the
canopy was measured. The average height of the
canopy for Plot 11 and Plot 12 is up to 17 m and 29.5
m, respectively [25]. The forest standing in the study
area has been visualised in 3D view using Visualization
System (SVS) based on the selected trees over the
study plofs.

2.3 Measurement of Rainfall, Throughfall and
Stemflow

The daily rainfall data was collected for 12 months
from April 2012 until April 2013 except August 2012 due

to technical problems. The gross rainfall was measured
using non-recording rainfall gauge where the gauge
was placed 30 m from the study plof. The existing
rainfall gauge was operated by Malaysia
Meteorological Department (MMD). The rainfall data
were collected on daily basis and were compared
with the rainfall data determined from Taman Tun Teja
rainfall station (ID: 3315039; 3° 18" N, 101° 35’ E)
operated by the Department of Drainage and
Irrigation Malaysia.

Throughfall is measured using 25 regular bucket
collectors with a 225 mm diameter orifice measuring
200 mm deep. The bucket collectors were placed at
each intersection plot grid below the canopy cover
with 5 meters interval. The data is averaged out on a
daily basis. Because the canopy area of the forest is
dense, the volume of throughfall was divided with the
receiving area of the collector to obtain throughfall
value in depth (mm) [26].

The stemflow was collected using a halved rubber
collar, which wrapped around each selected tfree
stem spirally. The selected trees were determined
based on the diameter of the breast height within the
plot area. There are 15 tfrees for each plot that has
been selected in setting up the stemflow collar. The
frees are accessible and have a dbh of more than 10
cm. Water drains from the stem via the spiral rubber
collar into a collecting tank installed at the end of the
collar. In this study, the rubber collar was made of PVC
hose and was fitted around the tree stem using nails.
Silicone glue was applied to seal the gap between the
stem and the collar. Initially, 4 number of 5.5 lifres
capacity collecting tanks were used and emptied
daily. However, these were changed to 10 lifres tanks
on 14 April 2012, and later replaced with 25 litres fanks
on 22 May 2012 due to overflow. The volume of
stemflow collected was converted to depth (mm)
using the method by Bo et al., 1989 [27].

2.4 Measurement of Canopy Cover

The WinsCanopy 2009a and the application software
RGBFisheye.exe has been employed to obtain the
value of the canopy cover. Photograph of the
canopy cover was taken at 25 intersection grid points
for each plof, and the images were analysed using
RGBFisheye.exe software. The software calculates the
dispersed fransmitfance in % PPFD, i.e. the canopy
cover's forest photosynthetic photon flux
compactness. The PPFD is calculated automatically
from the digital hemispheric pictures taken from the
site, and it required the light setting established from
the luminance of the zenith of the sky [28]. Figure 2 (q)
and (b) show the method used to perform SVS at both
plots.
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(o)

Figure 2 The method used to perform SVS

2.5 Interception Loss as a Function of Canopy Cover

Study by other researchers found that the process of
rainfall interception usually is dependent on the
rainfall characteristics (e.g., rainfall amount, intensity,
duration, drop size, and the number of raindrops).
Most studies focus on one or more variables of the
same group [29-30]. Other factors that may affect the
interception  process are micrometeorological
conditions, forest features such as tree species, the
canopy structure (e.g., leaf area index (LAI), stem
surface area, and crown gap fraction), and the
antecedent weather [31]. Rainfall characteristics and
forest canopy architecture have been recognised as
the leading factors controling the forest canopy
interception of rainfall [9]{32].

3.0 RESULTS AND DISCUSSION

3.1 Rainfall, Throughfall and Stemflow Measurement

Measurements of gross rainfall, throughfall and
stemflow were carried out manually. The data were
collected from 11 April 2012 until 24 April 2013, which
is over a period of fwelve-month except for missing
data during the month of August 2012 due to some
technical problem. The rainfall was measured using
standard manual rain gauges installed in an open
area adjacent to both plotfs. There are 94 rainfall
events recorded during the 12 months. The minimum
gross rainfallrecorded is 1.4 mm on 28 September, and

12 October 2012, whereas the maximum rainfall
events recorded was 109.7 mm on 18 April 2012.

Figure 3 (a) and (b) show the monthly gross rainfalll,
throughfall and stemflow during the study period for
Plot 11 and Plot 12, respectively. The wettest seasons
were recorded from October until December 2012,
with 2095.84mm within the study periods. The highest
monthly rainfall recorded was 405 mm in November
2012, whereas the lowest was 21 mm in February 2013.

For the throughfall data, the percentage over
gross rainfall for Plot 11 is 78.71% and for Plot 12 is
80.96%, respectively. The throughfall volume
constitutes a significant part of gross rainfall since the
rainfall drips from the canopy cover over the canopy's
storage. The throughfall measurement tank placed at
the intersection of a grid point in the plot might
receive direct rainfall which is not in contact with the
canopy. For stemflow data, it gives the value of 0.013%
and 0.034% of gross rainfall for Plot 11 and Plot 12,
respectively. The difference between gross rainfall
and netrainfall (throughfall and stemflow) is measured
as interception loss.

500 4 0.07
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Figure 3 Monthly rainfall, throughfall and stemflow for (a)
Plot 11 and (b) Plot 12

3.2 Canopy Cover Assessment

The data of canopy cover was determined using
WinSCanopy 2009a and the application
RGBFisheye.exe software. The sample images
captured by the Fisheye lens are shown in Figure 4 (q)
and (b). The 25 images were analysed, and the
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canopy cover percentage was obtained, as shown in
Figure 5.

(b)

Figure 4 Image captured using a Fisheye lens (a) in standard
view and (b) after analysis
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Figure 5 Canopy cover (%) at Plot 11 and Plot 12

From the results, the assessment of canopy cover
obtained at Plot 11 varied from 88.5% to 97.5% and for
Plot 12, from 92.7% to 97.2%. Table 1 shows the max,
min, mean and standard deviation of the canopy
cover for Plot 11 and Plot 12. Evidently, Plot 12 gives a
higher canopy cover value than canopy cover
measured at Plot 11. Furthermore, the variability of
canopy cover in Plot 11 is wider. Plot 12 exhibits
narrower range of canopy cover aftributed fo the
diverse mix of tree species. The findings of the canopy
cover obtained from this study show that Lagong Hill
Forest Reserve is categorised as a dense forest, as
agreed with the finding stated by Ibrahim et al., 2008
[24].

Table 1 Descriptive statistics (max, min, mean * standard
deviation) of canopy cover for study plots

. . Canopy cover (%)
Grid Point Plot 11 Plot 12
1_A 94.31 89.53
1_B 95.35 94.73
1.C 93.23 94.74
1.D 95.27 97.12
1_E 93.5 94.85
2 A 92.46 95.49
2B 94.92 97.65
2 C 95.22 95.16
2D 94.94 95.28
2 E 95.03 93.99
3_A 93.73 95.86
3_B 94.14 96.73
3.C 94.36 96.83
3D 94.71 95.23
3_E 94.36 94.76
4 A 92.71 96.19
4 B 92.72 95.89
4 C 94.19 94.07
4 D 94.76 93.69
4 E 94.86 95.17
5 A 91.08 96.61
5B 93.26 94.89
5C 94.29 94.11
5D 94.74 95.49
5 E 94.65 96.21
Mean 94.11 95.21
Max 95.35 97.65
Min 91.08 89.53
Std dev 1.048 1.57

The leaf area is an essential factor influencing
rainfall partitioning [33]. Study by Nielsen et al., 2012
[34] found a strong relationship between LAl and
canopy cover. One of the characteristics of
vegetation that affects the interception process is
canopy cover density. A canopy on the ground is very
effective in holding and reducing rainfall, thereby
suppressing the kinetfic energy of the fall of raindrops
that willreach the ground. Vegetation canopy closure
significantly affects the hydrological cycle, especially
on the canopy interception process. Closer canopy
cover will reduce the speed of falling raindrops when
reaching the surface of the forest floor [8].

3.3 Canopy Interception Loss

Canopy interception of rainfall is a dynamic process;
thus, the interception ratio is not a constant value [30].
The interception loss is measured by computing the
excess of the rainfall with throughfall and stemflow.
The rainfall, throughfall and stemflow data were
collected for 12 months from April 2013 to April 2013
except for August 2012 due to some technical issue.
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Figure 6 Correlation of interception loss with gross rainfall at
(a) Plot 11 and (b) Plot 12

From the site interception loss measurements, the
interception loss for Plot 11 is 13.5% and for Plot 12 is
10.8% of the gross rainfall for the 12-month duration.
Figure 6 shows the correlation of interception with
gross rainfall loss along with the study duration. It shows
that at Plot 11, the correlation can be written as IL =
0.142Pg + 2.54; meanwhile, the correlation of
interception loss with gross rainfall can be written as IL
=0.1715Pg + 2.3107. Based on the correlation derived,
it is shown that Plot 11 with single tree species has
higher initial interception but lower interception rate
at higher gross rainfall compared to Plot 12 with mixed
free species.

In this study, the value of the interception loss varies
from 10% up to 16% and is in good agreement with
findings reported by Carlyle-Moses and Price, 1999
[35], Asdak ef al., 1998 [36] and Nik et al., 1979 [37].
Asdak et al., 1998 [36] conducted the study area at
Wanariset Sangai af the upstream sections of the
Sungai Mentaya at Central Kalimantan; meanwhile,
Nik et al., 1979 [37] conducted the study at Air Hitam
Forest Reserve in Puchong, Selangor. The site
condition is almost similar to Lagong Hill Forest Reserve,
Kepong, Selangor. In addition, both forests are
classified as tropical rainforests. It is also noted that the
error range is smaller for Plot 11 due to the
homogeneity of the tree’s species. Plot 12 shows larger
error range which may be atfributed to slightly
different interception characteristics of the different
tree species, and hence the combined effect. Table 2
shows the average, range and standard deviation of

the species, crown diameter, dbh and height of the
free at study plots.

Table 2 Average, range and standard deviation of the
species, crown diameter, dbh and height of the tree at study
plots

Plot 11

. Crown Dia. .
Species (m) DBH (cm) Height (m)
Kulim 5.05 12.2 10.9
Kulim 5.91 23.7 15.0
Kulim 6.98 38.6 15.2
Kulim 4.99 26.9 14.0
Kulim 3.89 31.3 15.2
Kulim 4.54 17.0 14.6
Kulim 8.60 35.1 15.2
Kulim 5.72 46.6 17.1
Kulim 2.22 11.8 11.1
Kulim 2.82 11.5 6.4
Kulim 4.77 12.1 17.5
Medang 9.95 63.1 15.3
Kemangi
Kulim 3.70 18.8 16.5
Kulim 3.92 22.7 16.3
Kulim 2.93 10.0 13.1
Kulim 3.71 13.8 9.6
Kulim 1.42 11.7 3.9
Kulim 7.1 18.4 15.4
Kulim 5.68 39.1 15.9
Kulim 2.98 14.8 12.5
Average 4.84 24.0 13.5
Range 8.53 53.1 13.6
Std dev 2.0837 13.9584 3.4801

Plot 12

. Crown Dia. .
Species (m) DBH (cm) Height (m)
Kledan 12.86 32.9 19.3
Pulai 2.11 18.8 19.8
Mempisang 12.17 19.2 17.0
Sena 5.37 13.1 12.4
Kledan 4.30 41.4 27.3
Perah 6.08 17.6 19.3
Perah 7.58 16.9 12.6
Kledan 4.89 36.9 29.2
Kulim 5.71 12.4 14.3
Keruing 6.72 44.0 16.5
Keruing 8.11 441 23.4
Mempisang 5.79 10.6 12.8
Kulim 6.17 25.3 14.8
Simpoh 4.32 32.1 29.8
Simpoh 4.65 41.4 23.8
Kulim 4.43 12.3 10.8
Kulim 3.95 20.3 17.5
Simpoh 4.56 38.4 29.8
Perah 6.01 17.2 14.5
Simpoh Gajah 3.90 24.7 29.5
Average 5.98 26.0 19.7
Range 10.75 33.5 19.0
Std dev 2.5515 11.4523 6.3718

The rainfall data were also classified intfo wet and
dry seasons. The polynomial power 2 relationship is
applied to show the best fit of the correlation between
the gross rainfall and the interception loss for both
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seasons (Table 3). The R2?-values of the correlation
shows evident improvement when the data is split info
wet and dry seasons for both Plot 11 and Plot 12.
Furthermore, the correlation is higher for dry season
compared to wet season, consistent with the findings
by Chen and Li (2016) [38]. The higher interception loss
during dry season can be attributed to the higher
water-carrying capacity of the canopy. Meanwhile,
during wet season, the canopy is more likely to be
safturated, and thus the interception loss is less sensitive
to the amount of rainfall.

Table 3 Polynomial regression between interception loss and
gross rainfall during dry and wet season for Plot 11 and Plot
12

Season  Plot 11 R2
Wet IL =-0.0018Pg2 + 0.2871Pg + 0.8995 0.3165
Dry IL=0.001Pg2 + 0.2918Pg + 0.2749 0.429
Season  Plot 12 R2
Wet IL =-0.0031Pg2 + 0.4413PG - 1.2353 0.4344
Dry IL =-0.0048Pg2? + 0.5956Pg — 1.7322 0.5616

3.4 Canopy Cover's Impact on Interception Loss

The effects of canopy cover on the interception loss
of the study area have been determined by the point
correlation analysis. 25 points of canopy cover for Plot
11 and Plot 12 were associated with inferception loss
using polynomial regression. The correlation has been
done separately to figure out the difference between
these 2 plofs.

70

60
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50 o o

a: 2
° ° . ILZ#1.0406¢” +7296.13c# 9205.2

R%.24833
40 . .

30
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Figure 7 The correlation of interception loss (%) to canopy
cover (%) at (a) Plot 11 (b) Plot 12

From the correlation analysis, the best relationship of
canopy cover in Plot 11 to the interception loss is
represented by IL = -1.0406c2 + 196.13c - 9205.2 with R2
value of 0.2483, whereas in Plot 12, the best
relationship obtained by R2 value of 0.6472 with the
equation of IL = 1.908c2 - 350.8c + 16136. For both
equations, IL represents the interception loss in
percentage and c represents the canopy cover of the
plot in percentage unit. The findings show that the
correlation between canopy cover and interception
loss indicates that the interception loss decrease as
the canopy cover increase.

The higher the canopy cover value means that the
denser the forest, the higher the interception loss
process will occur. Nevertheless, if the canopy is
saturated, the interception value will be reduced [8].
From Figure 7 (a) and (b), it is interesting to note that
the interception correlation with canopy cover
exhibits concave behavior for Plot 11 but convex
behavior for Plot 12. This suggests Plot 11 shows
diminishing interception properties despite increased
canopy cover whereas Plot 12 shows enhanced
interception properties as canopy cover increases.

The difference in interception in the two forests
may also be caused by factors such as the leaf area
index (LAl), the age of the stand, the width of the
canopy and the wind. Furthermore, trees with larger
crown surface area tend to have more sizeable tree
branches. These woody surface areas have water-
holding capacity and take time to saturate. This factor
will affect the amount of rainwater that can be
temporarily detained by the vegetation canopy,
which will then be evaporated back into the
atmosphere. The opening of the forest has increased
the percentage of rain under a canopy, which
resulted in the value of interception of the canopy [8].

4.0 CONCLUSION

The fisheye lens was used fo capture the
hemispherical photography of forest canopy to
develop canopy cover images at 25 intersection
points at Plot 11 and Plot 12 of the study area. The
images were analysed using WinSCanopy 2009a and
RGBFisheye.exe software. Results show that Lagong
Hill Reserve Forest's canopy cover ranges from 88.5%
to 97.5% for Plot 11 and 89.5% to 97.6% for Plot 12,
respectively. Hence, the average values of canopy
cover obtained are 93.7% and 95.0% for Plot 11 and
Plot 12. Plot 11 with single free species has higher initial
interception but the capacity at increased rainfall is
lower. Furthermore, the increase of interception
capacity with canopy cover exhibits concave
behavior. On the other hand, Plot 12 with mixed free
species has lower inifial interception but the capacity
at increased rainfall is higher, and its interception
capacity exhibits convex behavior with increased
canopy cover. In brief, the correlation relationship
resulting from the canopy cover and interception loss
is positive and has a significant correlation.
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