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This study was conducted in the alluvial forest and heath forest in the lowland tropical forest of Sepilok 

Forest Reserve, Sabah, Malaysia. The main objective was to assess how forest structure regulates 

rainfall partitioning in both forests. Field monitoring involved a series of forest inventory work to 

determine the forest stand characteristics. Mann Whitney U test was performed to compare physical 

characteristics between the two forests. Meanwhile rainfall partitioning was quantified by measuring 

the throughfall (Tf) for a period of 12 months in ten (15 x 15 m) Tf plots and a simple linear regression 

was conducted to obtain a regression model to estimate Tf. In terms of stand structure characteristics, 

data in the alluvial forest indicates wider variation. Percentage of Tf as of gross rainfall (Pg) is higher 

in the heath forest than in alluvial forest with the value of 89.5 % and 76.8 %, respectively.  

Representative trees were selected for stemflow (Sf) estimation at each forest type.  The estimated Sf is 

0.2 % in alluvial forest and 0.5 % in heath forest.  In this study, tree diameter at breast height (Dbh) 

and height as well as aboveground biomass were identified to have some influence in Tf and Sf 

production. 

Keywords: rainfall partitioning; gross rainfall; throughfall; stemflow; Mann Whitney U; simple linear 

regression 

 

 

I. INTRODUCTION 

 

Rainfall partitioning by forest canopy is part of the 

hydrological cycle under forest environment.  It has the 

implications in the prediction of canopy interception loss, 

water balance, estimation of water yields or water available 

for plants uptake and storage (Thimonier, 1998; McJannet 

et. al., 2007; Jiménez-Rodríguez, 2014; Kato et. al., 

2013).The rainwater that is able to pass through the forest 

canopy by dripping through leaves and branches or directly 

through forest gaps, is known as Tf, whereas Sf is the 

intercepted water that flow down the trunk or stem of the 

tree (Crockford & Richardson, 2000; Chappell et al., 2001; 

Aisah et al., 2012;Macinnis-Ng, 2012). During the process of 

rainfall interception, some of the retained water is lost back 

to the atmosphere through evaporation, which is referred to 

as the wet canopy evaporation (Chappell et. al., 2001; Aisah 

et. al., 2012; Park & Cameron, 2008).  By calculating the 

difference between gross precipitation measured above 

canopy or in the adjacent open area and net rainfall i.e., is 

the sum of Tfand Sf, the amount of water intercepted by or 

evaporated from forest’s canopy can be estimated (McJannet 
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et. al., 2007; Levia et. al., 2010). 

Although there are many related studies of rainfall 

partitioning, each study is limited to the local environment.  

Liu et. al., (2013) emphasizes that the results of such study is 

site specific since it is heavily influenced not only by the type 

of vegetation of an area, but also by geographical factors, 

rainfall and climatic characteristics of the site.  Similar 

studies are also considerably limited in the wet tropical 

rainforest which is characterized by high temperature & high 

humidity (Loescher, 2002; Holwerda, 2006; Zimmermann, 

2008).  This study is conducted in the alluvial forest and 

heath forest in the Sepilok Forest Reserve (SFR), Sandakan, 

Sabah, the Borneo part of Malaysia.  The main aim of this 

study was to assess how forest structure regulates rainfall 

partitioning in both forests. Whilst, the specific objectives of 

the study were to (1) determine the forest stand structure, (2) 

assess the rainfall partitioning and, (3) identify if any of the 

stand structure variable may influence the rainfall 

partitioning in the study site 

The findings of the study will provide better understanding 

of the ecohydrology relationship involved that would be 

essential for future conservation planning and management, 

especially with regards to climate change issue. 

 

II. MATERIALSANDMETHOD 

 

A. Study Site Information 

 

The study site is located in SFR (5° 10’ N, 117° 56’ E) at the 

east coast district of Sabah, namely Sandakan as shown in 

Figure 1.  Known as lowland mixed dipterocarp forest, 

several parts of the area was logged within the years 1930s to 

1960s (Hutton, 2013).  Currently, the forest reserve is 

managed by the Sabah Forestry Department for protection 

and research.  According to Nilus (2004), the vegetation in 

SFR is influenced by the soil series found in the area.  Of the 

total area, 3 types of forest can be found here; the alluvial 

forest (61.36%), heath forest (22.00%) or also known as 

kerangas and sandstone hill forest (16.63%).  The total area 

of SFR is4, 294 ha and this study will only focus on the 2 

major forest type which are the alluvial forest and heath 

forest. 

 

 

Figure 1. Location of study area 

Source: Remote Sensing & GIS Unit, Sabah     Forestry 

Department (2016) 

B. Forest Structure 

In assessing the general forest characteristics, 6 plots (30 m 

x 30 m) were established for each forest type.  Series of 

inventory work was done in the field to gather basic 

information on the forest structure. From these 6 plots, 10 

smaller plots (15 m x 15 m) were established and named as 

the Tf plots in both forest type. For these plots the Dbh, tree 

height (total height), Lorey’s height and crown projection 

area were determined for trees with Dbh 10 cm and above. 

Lorey's mean height weights the contribution of trees to the 

stand height by their basal area (Woodget, 2007). Whereas, 

the above ground biomass (AGB) was estimated using 

algometric equation mentioned by Chave et al. (2014) and 

calculated in Mui-How et al. (2017). 

 

C. Gross Rainfall (Pg), Throughfall (Tf) and 

Stemflow (Sf) 

 

Pg and Tf was collected with trough-type collectors similar to 

Germer et. al., (2006) and Molina& del Campo (2012). PVC 

pipes with 10.2 cm diameter and 205 cm long were used to 

build the troughs, whereby each trough was connected to a 

21 litres plastic container via rubber hose.  60 troughs per 

forest type were placed on the ground supported by 

approximately 1 m height iron stands and located 

systematic-random in the 10 Tf plots. Similar trough-type 

collector was located at the nearby open area for Pg 

collection.  Both Pg and Tf was measured manually at 

intervals of 5 to 10 days within 27 May 2014 to 27 May 2015.  



ASM Science Journal, Volume 13, 2020  

3  

The collected rainfall was measured manually using a 

graduated cylinder and convert to mm depth by dividing the 

rainfall volume collected with the receiving area of the 

trough (Germer et. al., 2006; Molina & del Campo, 2012; 

Yusop, 2003). 

For Sf estimation, all trees with Dbh ≥ 10.0 cm were 

selected in the 15 x 15 m alluvial and heath forest plot.  A 

collar type gauge was fitted to each of the identified sample 

tree at approximately 1.3 m height above the forest floor, in 

order to collect the rainwater that was diverted to the tree 

stem and finally to a plastic container.  Frequency of Sf 

measurement were similar to Tf data collection within the 

period of October 2014 to May 2015. 

 

D. Data Analyses 

 

Descriptive analyses and simple linear regression were 

conducted to identify which of the forest structure 

characteristic have control on the rainfall partitioning in the 

study site.  Data distribution illustrated using scatter plot 

and bar chart where suitable. 

 

III. RESULTS AND DISCUSSIONS 

 

A. Forest Stand Characteristics 

 

The result of the forest inventory is shown in Table 1. The 

heath has more trees than the alluvial forest. And through 

observation, trees in the heath forest are mostly slender with 

the maximum tree Dbh can be found here is 81.0 cm.  In 

relation to this, the total basal area for heath forest (30.78 

m2/ha) is lesser that alluvial forest (37.12 m2/ha).  Soils in 

alluvial forest had higher concentrations of nitrate, total N, 

P and exchangeable Mg and K which indicates that the 

particular forest is able to support greater growth of trees 

(Nilus, 2004). Whilst trees in heath forest usually are 

stressful due to nutrient deficiency in the soil, therefore the 

trees generally grown into short stature and slender trees 

(Whitmore, 1975). Mann Whitney U test was performed as 

an alternative method for independent t-test since the 

normality assumption is not fulfilled.  The test indicates that 

alluvial forest and heath forest have significant different in 

terms of Dbh distribution, tree height, basal area and 

number of trees (p<0.05). 

 

Table 1. Forest Physical Characteristics 

Forest 

Characteristic 

Alluvial Heath 

Nu. of Trees (n) 254 346 

   

Dbh (cm);   

Mean 23.0±21.8          21.5±12.3 

Range 10.00-145.0 10.00-81.0 

   

Tree Height (m);   

Mean 18.4±10.4 19.8±6.4 

Range 4.5-68.5 5.0-55.4 

   

Tree Density (/ha) 470 641 

 

Total Basal Area 

(m2/ha) 

37.117 30.777 

 

Trees in the representative plots were identified up to 

species and family level. The dominant family in alluvial 

forest is Dipterocarpaceae, meanwhile Myrtaceae is the 

dominant family in heath forest as shown in Figure 2 and 

Figure 3.  Dipterocarpaceae tree species can grow very large 

and tall, therefore the largest tree found in the alluvial forest 

was Shorealeprosula (Dbh=145.0 cm). 

 

 

Figure 2. Family of Trees in Alluvial Forest 
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Figure 3. Family of Trees in Heath Forest 

 

Table 2 shows the forest stand characteristics at Tf plots 

level.  Each forest type is represented by 10 plots.  The 

number of trees in each plot is used to calculate the tree 

density at plot level and level up to per Ha area.  The tree 

basal area is estimated using the equation of πr² (i.e. area of 

a circle, m²) where r is equals to tree Dbh divide by 2.   

 

Table 2: Stand Structure in Throughfall (Tf) 

Plots 

Stand Structure 

Variables 

Alluvial 

Forest 

n=10 plots 

Heath 

Forest 

n=10 plots 

Mean Tree Density 

per Ha ± Std. Dev. 

Range 

485±156 

 

444 

564±171 

 

534 

Mean Dbh (cm) ± 

Std. Dev. 

Range 

23.5±7.2 

 

23.1 

22.6±4.2 

 

11.4 

Mean Height (m) 

± Std. Dev. 

Range 

20.7±6.6 

 

22.2 

19.4±2.0 

 

5.7 

Mean Lorey’s Height 

± Std. Dev. 

Range 

30.7±16.7 

 

49.4 

23.1±4.1 

 

14.2 

Mean Total Basal 

Area (m²) ± Std. Dev. 

Range 

0.90±0.86 

 

2.55 

0.71±0.36 

 

1.18 

Mean AGB (ton/Ha) 

± Std. Dev. 

Range 

705.3±855.2 

 

2214.9 

349.2±224.6 

 

695.2 

 

It is safe to conclude that trees in alluvial plots indicated 

higher variation of forest characteristics than heath forest by 

showing a wider range of data distribution in most of the 

variables except for mean tree density per Ha.  The values of 

standard deviation for the related variables also illustrate 

similar observation.  The lowland rainforest in tropical 

regions   are known to have a complex structure due to its 

high species diversity. 

 

B. Rainfall and Throughfall (Tf) 

 

The total rainfall measured in both forest types was 1138.8 

mm for alluvial forest and 1001.1 mm for heath forest within 

the study period.  The plots for each forest type are located 

approximately 2 km apart, therefore spatial variation in 

terms of Pg was observed. The result forPg and Tf 

distribution is shown in Table 3.  Lower percentage of Tf 

resulted in alluvial forest demonstrates that more rain was 

intercepted by the forest canopy.  It also demonstrates that 

vegetation in alluvial forest have higher capacity in 

intercepting the rainwater that falls through the forest 

canopy. Although the estimated Tf percentage in this study 

is considered low as compared to other study within lowland 

tropical rainforest region, it is still consistent with findings 

from previous study.  In Central Kalimantan, Indonesia, 

Vernimmen et al. (2007) quantified Tf percentage 82.8 % as 

of Pg in the lowland evergreen rainforest site, 89.1 % in tall 

heath forest and 76.7 % in stunted heath forest.  In another 

study, the total of Tf and Sf combined resulting 11 % in 

interception rate (Asdak et al., 1998). Whilst, Chappell et al., 

(2001) estimated the lowland dipterocarp forest, at Eastern 

Sabah, Malaysia allowed 91 % of the Pg to reach the ground 

as Tf. 

 

Table 3. The Gross Rainfall (Pg) and 

Throughfall (Tf) Characteristics 

Variable Alluvial 

Forest 

Heath Forest 

Gross Rainfall, Pg (mm)   

Mean (std. dev.) 40.7±27.8 34.5±25.1 

Range 7.9-101.1 5.6-105.6 

Total 1138.8 1001.1 

   

Throughfall, Tf (mm)   

Mean (std. dev.) 31.2±21.0 30.9±25.1 

Range 0.5-103.2 0.1-105.9 

Total 875.0 896.3 
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Tf/Pg (%)   

Total 76.8 89.5 

Range 12.1-110.8 14.1-127.4 

 

Tf shows the same trend of relationship with Pg for both 

forests.  High correlation between Pg and Tf can be observed. 

This relationship is being illustrated in the scatterplots 

shown in Figure 4 and 5. 

 

 

Figure 4. Relationship between Gross Rainfall 

(Pg)and Throughfall (Tf) in Alluvial Forest 

 

The relationships can be expressed by the following 

equation: 

 

Alluvial Forest, 

Tf = 0.677Pg + 3.725   (R² = 0.87) 

 

Heath Forest,  

Tf = 0.943Pg – 1.642  (R² = 0.94) 

 

 

Figure 5. Relationship between Gross Rainfall (Pg) and 

Throughfal (Tf) in Heath Forest 

 

However, in order to get the best estimation model for Tf 

with the presence set   of data, we did model validation. 

Linear regression model with the least root mean squared    

error (RMSE) will be considered as the best fit model. As a 

result, the best model is shown inTable 4. The result of the 

study clearly shows that amount of Pg highly influenced the 

rate of Tf.  However, the rate may vary due to the different 

characteristics of rainfall besides volume, such as rainfall 

intensity and duration of rain event.  Based on the linear 

relationship established, high R² value was obtained for both 

alluvial and heath forests (R² ≥ 0.9), indicating the strength 

of the linear relationship between the amount of incident 

rainfall received and Tf. Several studies have also resulted in 

a similar strong relationship, with R² value greater than or 

equal to 0.9 in other forest types (McJannet et. al., 2007; 

Aisah et. al., 2012; Staelens et. al., 2008).  Despite the 

difference in study sites and forest type, the similar strong 

relationship between Pg and Tf can be observed in most 

studies related to rainfall interception under forest 

ecosystem. 

 

Table 4. Best Fit Model for Gross Rainfall (Pg) 

versus Throughfall (Tf) 

Forest 

Type 

Number of 

Data Used in 

Calculation 

RMSE 

% 
Model 

Alluvial 
Model = 20 

Validate = 8 
30.2  

Tf = 0.69Pg + 

3.29 

R2 = 0.92 

Heath 
Model = 20 

Validate = 8 
22.6  

Tf = 0.87Pg + 

0.71 

R2 = 0.97 

  

 

C. Forest Structure and Throughfall (Tf) 

 

Selected forest stand structure variables were selected to 

assess their contribution to the rainfall partitioning process.  

Linear regression analyses were conducted in order to be 

comparable to the result obtained by Dietz et. al., (2006).  

Results are shown in Table 5.  Among the 4 variables, Dbh 

and AGB indicates higher influence on the Tf amount relative 

to Pg. 
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Table 5: Coefficient of Determination (R2) and Correlation 

Coefficient Value Based on Linear Relationship Between 

Forest Stand Structure Variables and Gross Rainfall-

Throughfall (Pg-Tf) Coefficient 

Stand Structure Variables R² (r) 

Dbh 0.418 (-0.6) 

Height 0.039 (-0.2) 

Density 

Basal Area 

0.161 (-0.4) 

0.061 (-0.3) 

Total AGB 0.300 (-0.5) 

 

Land cover type and vegetation characteristic plays an 

important role in Tf fluxes.  Study by Dietz et al. (2006) 

found that the highest Tf percentage was measured in the 

agroforestry plots (81%) with mid basal area of 23.7 m2/Ha 

whilst the lowest was in the natural forest plots (70%) with 

mid basal area of 51.1 m2/ha. Some examples of correlation 

coefficient value (r) obtained in the study (Tf percentage 

versus forest structure variables) are Dbh (-0.69), tree height 

(-0.74) and crown extension (-0.61) for trees with stem Dbh 

of ≥10 cm. In addition, no significant correlation can be 

found for tree density and basal area. The study was 

conducted in 4 different forest management units which are; 

natural forest, forest with small timber extraction, forest 

with large timber extraction and agroforestry site (i.e. cacao 

under trees remaining from the natural forest) in Central 

Sulawesi.  It is understood that the study sites in Dietz et. al., 

(2006) were highly different from each other in terms of the 

stand structure that may have great influence in the outcome 

of the related analyses and results. 

 

D. Stemflow 

 

The characteristics of the selected trees with Dbh 10 cm and 

above for Sf estimation are presented in Table 6.  A total of 8 

and 11 trees were identified for Sf collection in the alluvial 

and heath forest, respectively.  In order to estimate Sf in mm 

depth, the total volume of Sf was divided by the plot area. 

The Sf fractions relative to Pg were quantified as 0.2 % and 

0.5 % of the incident rainfall in alluvial and heath forest, 

respectively. The trees that generated high volume of Sf were 

among the tallest trees within the plot, therefore forming 

part of the main canopy in the forest.  The tree’s crown had 

the advantage of ‘capturing’ the rainfall directly and 

generates Sf.  Asdak et. al., (1998) stated that trees in or 

below main canopy often had greater Sf. As cited by Hofhansl 

et al., (2012), taller trees that were able to reach higher 

canopy strata were the one to produce Sf faster. 

 

Table 6: Summary of Tree Characteristics 

for Stemflow (Sf) Estimation 

Study Plots Alluvial Forest Heath 

Forest 

Nu. of Trees (n) 8 11 

   

Dbh (cm) 

Range 
10.1 - 40.5 10.0 – 67.8 

   

Height (m) 

Range 
12.2 – 23.1 7.8 – 26.6 

   

Basal Area (m2) 

Range 
0.008 – 0.129 

0.008 – 

0.361 

   

Crown Projection 

Area (m2) 

9.6 – 68.7 4.2 – 119.7 

 

IV. CONCLUSION 

Rainfall partitioning into Tf and Sf were estimated for both 

alluvial and heath forest in the Sepilok Forest Reserve, 

Sandakan. Tf was measured within the study period with an 

average of 76.8 % of Pg over the alluvial forest plots and 89.5 

% in the heath forest plots. Estimated Sf fraction in alluvial 

forest is 0.2 % and 0.5 % in heath forest as of the incident 

rainfall.  However, we may underestimate the amount of Sf 

in the study area since only trees with Dbh 10 cm and above 

were measured for Sf generation (Manfroi et. al., 2004). The 

amount of Pg received in the study site was found to be the 

major contributor influencing the redistribution of rainfall 

under the forest canopy as of Tf estimation (high linear 

correlation). At some extend forest stand structure and tree 

physical characteristic i.e., Dbh, height and AGB, does play a 

role in the generation of Tf and Sf. 
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