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ABSTRACT Generally, the tropical montane cloud forest (TMCF) has known to be the headwater for rivers which are the
vital source of freshwater for the downstream user. Though one of the important information for freshwater management is
the rainfall characteristics, for TMCF catchment it is still less explored in Sabah. This paper investigates the temporal
pattern and variability of rainfall in Gunung Alab experimental catchment (GAEC) in the Crocker Range Park (CRP),
Sabah, Malaysia. The analyses were based on rainfall observation data obtained in January 2006 to December 2018. As
a comparison, similar analyses were also conducted to the rainfall observation data from a meteorological station in the
west coast area of Sabah referred in this study as the coastal area of Kota Kinabalu (CAKK). The average annual rainfall
for the 13 years data was 3527.1 mm and 2824.8 mm in GAEC and CAKK, respectively. The yearly average rain days in
GAEC was 223 days and in CAKK was 157.1 days. Both stations received maximum monthly rainfall during the intermonsoon season which generally occurred in April - May and September - October. In general, GAEC experienced low
intensity of rains in long-duration whereas, CAKK experienced more extreme rainfall (average 2.4 ± 1.9 day yr-1) compared
to GAEC (0.3 ± 0.9 days yr-1). Based on the set of rainfall data, total rainfall of 129.4 mm day-1 and 224.6 mm day-1 can be
expected to be equal or exceeded once in 26 years at a probability of 3.85%, in GAEC and CAKK, respectively. In GAEC,
one, two, five and ten years of recurrence interval, the expected maximum daily rainfall was estimated at 65.2 mm day -1,
80.7 mm day-1, 99.9 mm day-1, and 114.1 mm day-1. Whereas, in CAKK, the one, two, five and ten years of recurrence
interval of maximum rainfall can be expected at 77.2 mm day-1, 136 mm day-1, 168.5 mm day-1 and 196.7 mm day-1,
respectively. The El Niño episodes reduce 10.5 % - 18 % and 2.7% - 27.9% of annual rainfall from the long-term average
in GAEC and CAKK. These findings give insight into the potential capacity of GAEC as headwater catchment and reflect
the sensitivity of the local rainfall distribution influenced by natural phenomenon namely, the El Niño-Southern Oscillation
(ENSO) within the observation period.
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INTRODUCTION
Total rainfall and rainfall characteristics such as the timing, duration and intensity are among the
most commonly reported and analysed meteorological data in related literature (Chen & Chen, 2003;
Suhaila et al., 2010; Begueŕia et al., 2018). Such analyses are essential to define the meteorological
characteristics of an area, which will then be utilised in other environmental investigations, whether
as part of the studies or as the site description. In forest ecology-related research, the local rainfall
profile of an area is known to affect the ecohydrological processes. In such studies, rainfall
information is the first step to understanding most hydrological-related processes in a forested
ecosystem. Among others, Kermavnar & Vilhar (2017) and Zheng et al. (2018) assessed the
partitioning of rainfall in urban and natural forest settings. Rainfall characteristics have been found
to influence soil moisture availability as well as soil erosion (Angulo-Martínez & Beguería, 2009; de
Assunção Montenegro et al., 2018). In the meantime, rainfall data is the primary variable in
streamflow estimation and modelling by Littlewood et al. (2010), Gomyo et al., (2011) and Zhang et
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al. (2019). In his study, Jamaludin et al. (2010) provided several examples of investigations associated
with increasing and decreasing trend of rainfall in some parts of the world.
Concerning the study area, tropical montane cloud forest (TMCF) comprises only 1.4% of tropical
forest worldwide (Scatena et al., 2010), which translates to approximately 2.7% of the total tropical
forests area in Asia. About 23% of TMCF in Malaysia have been lost or degraded from its original
span of 2.7 million ha (Peh et al., 2011). Despite being a small proportion of tropical forests, they are
recognised as crucial components in watershed management and risk mitigation, as well as
biodiversity and food security (Hostettler, 2002). In Borneo, hydro-meteorological characteristics and
processes in TMCF are still relatively less explored compared to that in lowland tropical forests.
One of the earlier works carried out by Bruijnzeel et al. (1993) in eastern Sabah, emphasized the role
of TMCF on water balance and hydrochemistry. While a study in a small catchment in the Kinabalu
Park focusing on water balance was conducted by Gomyo et al. (2011). Studies on the geological
background (Tongkul et al., 2006), as well as those highlighting the importance of TMCF on
biodiversity (Latiff et al., 2002; Repin et al., 2012; Kappes, 2013; Suleiman et al., 2017), were
subsequently conducted, but those that seek to understand hydrological processes remain scarce.
Meanwhile, TMCF has long been recognised as headwaters to downstream rivers, making them
significant in providing clean water for domestic, agricultural, or industrial use.
This paper primarily discussed the rainfall characteristics in Gunung Alab, Crocker Range Park
(CRP). It aims to provide insights on the temporal rainfall characteristics in the area under study,
which may serve as baseline data for management purposes as well as to support ecological and
eco-hydrological related studies. The discussion also includes the variation of rainfall distribution
observed during the recognised El Niño-Southern Oscillation (ENSO) event within the study period.
Having long-term related meteorological data (i.e., rainfall) is vital as a reference to understand
changing trends, if any, and for prediction of expected/potential ecosystem impacts or deterioration.
Previous studies identified cases of changes in rainfall patterns, more frequent drought incidents,
and dry spell intensification associated with El Niño phenomenon (Walsh & Newberry, 1999; Wen &
Sidik, 2000; Gomyo et al., 2011; Susilo et al., 2013). Known to be a vulnerable ecosystem, it is
anticipated that montane cloud forest would be very much affected under current climate change
scenario as mentioned in previous works (Foster, 2001; Diaz et al., 2003; Bruijnzeel et al., 2011). Some
of the adverse impacts may include drier condition (Crausbay et al., 2014), alteration rate of fog
interception (Bruijnzeel et al., 2011; Los et al., 2019), growth and survival of certain plant species
(Aiba and Kitayama, 2002; Diaz et al., 2003) as well as modification of hydrological processes
(Bruijnzeel et al., 2011). Comparison of rainfall data observed at the nearby coastal area are also
included in this paper, with the intention to gain more understanding in the spatial differences of
the amount and profile of rainfall in both Gunung Alab and the representative station situated at a
much lower altitude.

GENERAL STUDY SITE DESCRIPTION
The research was carried out in the southwestern part of the Crocker Range in Sabah, Malaysian
Borneo (5°49’18.8’’N, 116°20’28.4”E) as shown in Figure 1. At approximately 1,900 m a.s.l, Gunung
Alab consists of tropical montane forest that is high in faunal species diversity as well as possessing
a complex floristic composition (Latiff et al., 2002; Repin et al., 2012; Suleiman et al., 2017). For most
parts, forests adjacent to the road leading to the catchments had been logged and cleared for village
settlements, but Gunung Alab itself remained as undisturbed primary forests (Sabah Parks, 2006). In
1984 the Crocker range area was gazetted as a state park because of its importance as headwater
catchments for significant rivers in the west coast and interior parts of Sabah (Sabah parks, 2006).
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Since Gunung Alab itself is a headwater catchment, conservation of the area is crucial for
maintaining stream water quality and flow stability for utilization by downstream users, especially
those involved in agricultural activities.

Figure 1. Location of weather station in Gunung Alab (GAEC) and Kota Kinabalu (CAKK).

METHODOLOGY
Gunung Alab daily rainfall records (2006 to 2018) were obtained from two meteorological
stations. The first station is managed by the Sabah Drainage and Irrigation Department (DID)
located at 5°48’46.3’’N, 116°20’18.2”E, whilst the second station is a result of a collaborative effort
between Universiti Malaysia Sabah (UMS), Sabah Parks and The University of Tokyo. Universiti
Malaysia Sabah was given the responsibility to manage and maintain data collection and the related
equipments installed in the station. The latter is located northeast (approximately 1.8 km) from the
first station.
In this paper, the first station is the primary data resource since the rainfall monitoring at the
second station only started in middle of August 2010. Rainfall data from both stations were highly
correlated (98%) and uniformly distributed, therefore the arithmetic average method was employed
to calculate the average rainfall from both stations where necessary (i.e. missing data). Coastal area
rainfall data recorded near the Kota Kinabalu International Airport (34.5 km northwest of Gunung
Alab; 5°55’58.5’’N, 116°2’50.6”E) were obtained from the Malaysian Meteorological Department
(MMD) to be compared with Gunung Alab rainfall observation data. The El Niño events, including
their intensities, were obtained based on information available from the United States National
Oceanic Atmospheric Administration (NOAA). El Niño can be categorized as weak (0.5 ̊C – 0.9 ̊C),
moderate (1.0 ̊C – 1.4 ̊C) and strong (1.5 ̊C – 1.9 ̊C) (NOAA)( https://ggweather.com/enso/oni.htm).
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In addition to the time series investigation, total rainfall (annual and monthly) and temporal
variation (seasonal and inter-annual) were computed and analyzed. Probability exceedance and
return period were calculated for the annual maximum daily rainfall. Return period ‘T’ was
computed using the Weibull’s formula as given below:
T = 1/ P
(1)
The probability of exceedance of rainfall values is the reciprocal of the return period
P = [M/ (N + 1)] × 100
(2)
where P is the probability of each event in percentage, M is the order number of each event when the
data are arranged in decreasing order; N is the total number of events in the data series

RESULTS AND DISCUSSIONS
Annual rainfall
Annual rainfall from 13 consecutive years is shown in Figure 2. In Gunung Alab (GAEC), the total
annual rainfall ranged from a recorded-maximum of 4323.4 mm in 2014 to a minimum of 2878 in the
year of 2009, while the standard deviation is 549.4 mm. In the coastal area Kota Kinabalu (CAKK)
station, annual rainfall ranged from a recorded-maximum of 3399 mm in 2010 to a minimum of
2036.8 mm in 2015.

Figure 2. Annual rainfall from 2006 to 2018 in GAEC and CAKK.
The mean annual rainfall at GAEC for 2006 ̶ 2018 was 3527.1 mm. Throughout this period, five
years (2009, 2010, 2015, 2016, and 2018) received 300-650 mm less rainfall than the 13-year average –
2015 and 2016 being an El Niño year. As 2014 experienced a La Niña episode, annual precipitation
was 4323.4 mm, which is 796.3 mm above the 13-year average - making it the wettest year
throughout the data logging period. At the coast (CAKK), the mean annual rainfall was 2824.8 mm,
while in 2015 and 2016, annual rainfall was 788 mm and 755.4 mm below the 13-year average. The
wettest-recorded year in CAKK is 2010, where the yearly rainfall is 574.mm above the 13-year
average.
Monthly rainfall
The number of rain days (a rainy day is defined as a day with more than 1 mm of precipitation) in
a month is correlated to the mean monthly rainfall (Figure 3). The highest monthly rainfall in GAEC
was in October (396.1 mm) and May (380.1 mm) corresponding to 20.8 and 22.1 rain days in each of
those months; whereas in CAKK the highest monthly rainfall was recorded in October (357.9 mm)
and September (301.3 mm) corresponding to 17.6 and 15 rain days respectively. Though both
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stations were affected by the inter-monsoon periods, GAEC seems to be more affected than CAKK
that shows significant spatial variability of rainfall distribution. The month with the lowest number
of rainy days is in February with 13.3 and 7.7 days, corresponding to 194 and 109 mm in GAEC and
CAKK, respectively. In a relatively dry year (2015 ̶ 2016) throughout the study period, the lowest
number of rain days in GAEC was observed in March 2016 (2 days), whereas that in CAKK was in
February 2015 (0 days).

Figure 3. Average monthly variation of rainfall at GAEC and CAKK from 2006-2018
The calculated mean monthly rainfall was 293.9 and 235.4 mm in GAEC and CAKK, respectively.
In GAEC, monthly rainfall exceeded the monthly mean from May until November, whereas in
CAKK, the monthly mean was exceeded from July till December. In GAEC, two months had less
than 10% (29.39 mm) of the mean monthly rainfall (Feb 2007, 15.5 mm; Feb 2010, 20.5 mm) whereas
in CAKK five months had less than 10% (23.54 mm) of the monthly mean (Feb 2010, 0.4 mm; Feb
2015, 3 mm; Mar 2015, 15 mm; Jan 2016, 17.2 mm; Mar 2016, 15 mm).
February 2007 has seen a record-low rainfall in GAEC (15.5.mm) even though the El Niño event
was recorded at weak intensity (0.5 ̊C – 0.9 ̊C). The dry condition was also reflected in the low
monthly rainfall at CAKK with 28.2 mm of rainfall in February 2007. Although drought extremes are
generally enhanced during El Niño, the temporal and spatial distribution of rainfall in Malaysia is
also determined by the monsoon cycles and local topography of the region (Tanggang et al.,2017;
Salimun et al., 2014).
Frequency of daily rainfall
At GAEC, rain (≥ 1 mm) falls on an average of 223 days per year, which, is 29.6% higher than in
CAKK (157.1 days) due to “orographic lifting” that is common in mountainous areas (Houze, 2012).
The annual rainy days in GAEC range between 192 days (2016 and 2014) and 267 days (2017).
Meanwhile, CAKK recorded annual rainy days between 123 days (2015) and 184 days (2011). Table 1
shows, the average numbers of days under different amount of rainfall or rainfall depth.
GAEC exhibits the meteorological characteristics of TMCF with frequent but small rain events
and the presence of fog (i.e. horizontal precipitation). Usually, this condition is observed during
early morning and afternoon. The presence of fog might be related to the ‘light shower’ occurring in
the vicinity. Fog deposition could be a significant input to precipitation in the study area and would
be a potential topic for future study. However, understanding cloud water interception involves
more work and specific gages, as mentioned in Bruijnzeel et al. (2011). On average, GAEC has 152.1
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days with ≤ 10 mm of rainfall per year, while in CAKK, the average number of days with ≤10 mm
was 117.2 days per year. Days with rainfall of ≤ 10 mm is the most frequent, which contributed up to
57.9 % of the total number of rainy days.
Table 1. Average numbers of days under different rainfall depth within year 2006 ̶ 2018

GAEC

TRANSACTIONS ON SCIENCE AND TECHNOLOGY

CAKK

Average
S.D
Average
S.D

≤10 mm

> 10 mm

>25 mm

>50 mm

> 75 mm

> 100 mm

152.1
16.0
117.2
17.4

66.2
7.4
36.9
6.3

34.3
8.5
21.2
3.7

8.3
3.9
9.2
3.4

1.3
1.2
2.9
1.7

0.3
0.9
2.4
1.9

In GAEC, extreme rainfall (>100 mm day-1) only occurred three times in 2014 and once in 2015.
For eight years since 2006, no extreme events observed. CAKK, on the other hand, experienced more
frequent heavy rainfall (average of 2.4 day yr-1) compared to GAEC. In 2014, rainfall of >100 mm
day-1 occurred seven times - three of them in October. In the case of CAKK, the highest daily rainfall
was recorded in 12th June (224.6 mm day-1) and 25th June (220 mm day-1). Within the study period,
extreme rainfall usually occurred in May and sometimes in January (2009, 2014) and March (2007).
The coastal area is subjected to the effects of the land-sea diurnal breeze circulation, which greatly
influences the amount of precipitation (Zhu et al., 2017; Ng et al., 2019). In his paper, Walsh et al.
(2013) mentioned that the orientation of coastlines and mountain ranges, the interaction between
local land/sea as well as mountain/valley wind systems and the regional winds are known to
contribute to the variation in rainfall in Sabah.
Rainfall intensity in GAEC
Rainfall intensity in GAEC (Station 2) was calculated using hourly data which was available from
2017 to 2018. For the calculation of rainfall intensity, the data observed by Universiti Malaysia Sabah
in Gunung Alab was used because only daily rainfall data were available from the Sabah Drainage
and Irrigation Department (DID). The same situation also applied to CAKK whereby only daily
rainfall data was available.
Precipitation in the GAEC is of high intensity and short duration. According to rainfall intensity
classification by the Malaysian Department of Irrigation and Drainage, rainfall intensity of less than
10 mm hr-1 is categorized as light rain, 11-30 mm hr-1 is moderate rain, 31-60 mm hr-1 is heavy rain
and rainfall that is more than 60 mm hr-1 is very heavy rain. Figure 4 shows the variation of rainfall
intensity with duration.

Figure 4. Variation in average rainfall intensity with storm duration in GAEC
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In general, rainfall intensity in GAEC is inversely proportional to the storm period. Typically, this
catchment experienced longer duration of low intensity rainfall and shorter duration of high
intensity rainfall. The high amount of rainfall was typically due to prolonged orographic or relief
precipitation with low intensity (Houze, 2012). The maximum 10 minutes rainfall intensity recorded
was 123 mm hr-1 and 117 mm hr-1 in the month of April in 2017 and 2018 respectively. The longest
duration of rainfall event identified occurred within 29.3 hours with an average intensity of 2.1 mm
hr-1 (61 mm total rainfall).
Return period
The probability of exceedance explains the likelihood of recurrence of a specific daily rainfall in a
given year. The annual maximum rainfall frequency curve for GAEC and CAKK is shown in Figure
5. Based on this data, daily rainfall of 129.4 mm is expected to occur once in 26 years in GAEC at a
probability of 3.85%; whereas in CAKK, the estimated return period of the highest daily rainfall
(224.6 mm) is 26 years, with a probability occurrence of 3.85%.

Figure 5. Probability analyses of annual rainfall for the period of 2006-2018.
The expected daily maximum rainfall at one, two, five and ten years recurrence intervals were
estimated to be 65.2, 80.7, 99.9, and 114.1 mm day-1 respectively. In CAKK, the estimated daily
maximum rainfalls for the same recurrence intervals were 77.2, 136, 168.5 and 196.7 mm day-1
respectively.

CONCLUSION
Gunung Alab (GAEC) exhibit varying rainfall characteristic. Daily falls mostly dominated by the
morning and late afternoon short duration shower <10 mm. CAKK receives fewer rain days
compared to GAEC, but more frequent heavy rainfall compared to GAEC.
The maximum monthly rainfall generally occurred during the monsoon transition (May and
October). The annual rainfall pattern was also affected by the El Niño Southern Oscillation events
which, resulted in a distinct climatic condition and decline in rainfall (especially in February and
March) throughout the region/area. An El Niño episode in 2015 ̶ 2016 reduced annual rainfall in
GAEC by about 14.4% and 10.5% below the long-term average of annual rainfall, respectively.
While, in CAKK, annual rainfall decreased by 27.9% and 26.7% in 2015 and 2016, respectively. The El
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Niño episode in 2009 ̶ 2010 reduces about 18% and 17.4% from the long-term average of rainfall in
GAEC. There was also a 13.9 % reduction of rainfall recorded in GAEC in the year 2018. However, in
CAKK the effects of El Niño were not apparent since the records showed only 2.7% reduction in
annual rainfall in 2009 and 20.3% increase in rainfall in 2010 compared to the long-term average
records. However, rainfall records in CAKK showed that there was a reduction of rainfall amount in
2012 and 2018 by 17.4 % and 10 %, respectively. The response of annual rainfall fluctuation to El
Niño is lower in GAEC (more consistent) compared to in CAKK.
The distribution characteristics such as variability, persistence, frequency, and intensity of rainfall
are essential for GAEC since the local community depend on rainfall for sustained livelihood in the
mountain ecosystem. The runoff from the watershed relies very much on the rainfall distribution;
therefore, this information is important to ensure the sufficiency of water supply to meet the future
requirement in the nearby area.

ACKNOWLEDGEMENTS
We would like to thank the Japan Technical Cooperation Agency (JICA) for the procurement of
several hydro-meteorological equipment installed in the study site through the Bornean Biodiversity
and Ecosystems Conservation (BBEC) Programme. We are grateful for the good cooperation given
by Sabah Parks as the management authority of Gunung Alab, Crocker Range Park, Sabah. We
would also like to acknowledge Universiti Malaysia Sabah (UMS Grant SBK0373) for the financial
assistance especially for fieldwork; and the Sabah Drainage and Irrigation Department (DID), and
the Malaysian Meteorological Department (MMD) Sabah’s branch for sharing the related series of
rainfall data for without these data this research may not be possible.

REFERENCES
[1] Aiba, S. I. & Kitayama, K. 2002. Effects of the 1997–98 El Niño drought on rain forests of Mount
Kinabalu, Borneo. Journal of Tropical Ecology, 18(2), 215-230.
[2] Angulo-Martínez, M. & Beguería, S. 2009. Estimating rainfall erosivity from daily precipitation
records: A comparison among methods using data from the Ebro Basin (NE Spain). Journal of
Hydrology, 379(1-2), 111-121.
[3] Begueŕia, S., Serrano-Notivoli, R. & Tomas-Burguera, M. 2018. Computation of rainfall
erosivity from daily precipitation amounts. Science of the Total Environment, 637, 359-373.
[4] Bruijnzeel, L. A. 2001. Hydrology of tropical montane cloud forests: a reassessment. In:
Gladwell, J.S. (ed.). Proceedings of the Second International Colloquium on Hydrology and Water
Management of the Humid Tropics. UNESCO, Paris and CATHALAC, Panama Ci (Vol. 1), pp. 1–
18.
[5] Bruijnzeel, L. A., Mulligan, M. & Scatena, F. N. 2011. Hydrometeorology of tropical montane
cloud forests: Emerging patterns. Hydrological Processes, 25(3), 465–498.
[6] Bruijnzeel, L. A., Waterloo, M., Proctor, J., Kuiters, A. & Kotterink, B. 1993. Hydrological
observations in montane rain forest on Gunung Silam, Saba, Malaysia, with special reference to
the Massenerhebung effect. Journal of Ecology, 81(1), 145–167.
[7] Chen, C. S. & Chen, Y. L. 2003. The rainfall characteristics of Taiwan. Monthly Weather Review,
131(7), 1323-1341.
[8] Crausbay, S. D., Frazier, A. G., Giambelluca, T. W., Longman, R. J. & Hotchkiss, S. C. 2014.
Moisture status during a strong El Niño explains a tropical montane cloud forest’s upper limit.
Oecologia, 175(1), 273-284.

ISSN 2289-8786. http://tost.unise.org/

Mahali et al., 2020. Transactions on Science and Technology. 7(3), 80 - 89

[9]
[10]

[11]

TRANSACTIONS ON SCIENCE AND TECHNOLOGY

[12]
[13]

[14]
[15]
[16]

[17]

[18]
[19]
[20]
[21]

[22]

[23]

[24]
[25]
[26]

[27]

88

Diaz, H. F., Grosjean, M. & Graumlich, L. 2003. Climate variability and change in high
elevation regions: past, present and future. Climatic change, 59(1-2), 1-4.
de Assunção Montenegro, A. A., dos Santos Souza, T. E. M., de Souza, E. R. & Montenegro, S.
M. G. L. (2018). Temporal dynamics of soil moisture and rainfall erosivity in a tropical volcanic
archipelago. Journal of Hydrology, 563, 737-749
Foster, P. 2001. The potential negative impacts of global climate change on tropical montane
cloud forests. Earth-Science Reviews, 55(1-2), 73-106.
Gilmour, D. 2014. Forests and Water Supply. Scientific American, 104(21), 525–525.
Gomyo, M., Kuraji, K. & Kitayama, K. 2011. Water balance, flow duration and frequency in a
small experimental watershed in Kinabalu Park, Sabah. Journal of Tropical Biology and
Conservation, 8, 63-71.
Hostettler, S. 2002. Tropical montane cloud forests: a challenge for conservation. Bois et Forêts
Des Tropiques, 274(4), 19–31.
Houze, R. A. 2012. Orographic effects on precipitating clouds. Review of Geophysics, 50, RG1001.
Jarvis, A. & Mulligan, M. (2011). The climate of cloud forests. In: Bruijnzeel, L., Scatena, F. &
Hamilton L. (Eds.). Tropical Montane Cloud Forests: Science for Conservation and Management
(International Hydrology Series, pp. 39-56). Cambridge: Cambridge University Press.
Kappes, H. 2013. Genetics and morphology of the genus Tritetrabdella (Hirudinea,
Haemadipsidae) from the mountainous rain forests of Sabah, Borneo, reveal a new species
with two new subspecies. Contributions to Zoology, 82(4), 185–197.
Kermavnar, J. & Vilhar, U. 2017. Canopy precipitation interception in urban forests in relation
to stand structure. Urban Ecosystems, 20(6), 1373-1387.
Kuraji, K., Punyatrong, K. & Suzuki, M. 2001. Altitudinal increase in rainfall in Mae Chaem
watershed, Thailand. Journal of Meterological Society of Japan, 79(1B), 353 ̶ 363.
Lamb, H. H. 1972. Climate: Present, Past and Future: Volume 2: Climatic History and the Future.
Routledge Revivals
Latiff, A., Ahmad, B. & Ibrahim, A. Z. 2002. An Account and Preliminary Checklist of the
Angiosperms and Gymnosperms of Crocker Range, Sabah. Asean Review of Biodiversity and
Environmental Conservation (ARBEC).
Littlewood, I. G., Young, P. C. & Croke, B. F. W. 2010. Preliminary comparison of two methods
for identifying rainfall–streamflow model parameters insensitive to data time-step: The Wye at
Cefn Brwyn, Plynlimon, Wales. Proceedings of the British Hydrological Society’s Third International
Symposium, Role of Hydrology in Managing the Consequences of a Changing Global Environment. 19
– 23 July, 2010. Newcastle University, Newcastle upon Tyne, United Kingdom. pp 539-543.
Los, S. O., Street-Perrott, F. A., Loader, N. J., Froyd, C. A., Cuní-Sanchez, A. & Marchant, R. A.
2019. Sensitivity of a tropical montane cloud forest to climate change, present, past and future:
Mt. Marsabit, N. Kenya. Quaternary Science Reviews, 218, 34-48.
Meher-Homji, V. 1991. Probable impact of deforestation processes on hydrological process.
Climatic Change, 19, 163–173.
Ng, C. K. C., Sikui, J. J., Nur Syafiqah, S. K. & Nilus, R. 2019. Precipitation trend and
heterogeneity of Sabah, North Borneo. Sepilok Bulletin, 28, 19-43.
Oliveira, R. S., Eller, C. B., Bittencourt, P. R. L. & Mulligan, M. 2014. The hydroclimatic and
ecophysiological basis of cloud forest distributions under current and projected climates.
Annals of Botany, 113(6), 909–920.
Peh, K. S.-H., Soh, M. C. K., Sodhi, N. S., Laurance, W. F., Ong, D. J. & Clements, R. 2011. Up in
the Clouds: Is Sustainable Use of Tropical Montane Cloud Forests Possible in Malaysia?
BioScience, 61(1), 27–38.

ISSN 2289-8786. http://tost.unise.org/

TRANSACTIONS ON SCIENCE AND TECHNOLOGY

Mahali et al., 2020. Transactions on Science and Technology. 7(3), 80 - 89

89

[28] Ponette-González, A. G., Marín-Spiotta, E., Brauman, K. A., Farley, K. A., Weathers, K. C. &
Young, K. R. 2014. Hydrologic connectivity in the high-elevation tropics: Heterogeneous
responses to land change. BioScience, 64(2), 92–104.
[29] Ray, D. K., Nair, U. S., Lawton, R. O., Welch, R. M. & Pielke, R. A. 2006. Impact of land use on
Costa Rican tropical montane cloud forests: Sensitivity of orographic cloud formation to
deforestation in the plains. Journal of Geophysical Research Atmospheres, 111(2), 1–16.
[30] Repin, R., Majuakim, L., Suleiman, M., Nilus, R., Mujih, H. & Gunsalam, G. 2012. Checklist of
trees in Crocker Range Park Permanent Research Plot, Sabah, Malaysia. Journal of Tropical
Biology and Conservation, 9(1), 127–141.
[31] Salimun, E., Tangang, F., Juneng, L., Behera, S. K. & Yu, W. 2014. Differential impacts of
conventional El Niño versus El Niño Modoki on Malaysian rainfall anomaly during winter
monsoon. International journal of climatology, 34(8), 2763-2774.
[32] Scatena, F. N., Bruijnzeel, L. A., Bubb, P. & Das, S. 2010. Setting the stage. Tropical Montane Cloud
Forests: Science for Conservation and Management (1st edition). Cambridge: Cambridge University
Press.
[33] Suhaila, J., Deni, S. M., Zin, W. W. & Jemain, A. A. 2010. Trends in peninsular Malaysia rainfall
data during the southwest monsoon and northeast monsoon seasons: 1975–2004. Sains
Malaysiana, 39(4), 533-542.
[34] Suleiman, M., Masundang, D. P. & Akiyama, H. 2017. The Mosses of Crocker Range Park,
Malaysian Borneo. PhytoKeys, 88, 71–107.
[35] Susilo, G. E., Yamamoto, K., Imai, T., Ishii, Y., Fukami, H. & Sekine, M. 2013. The effect of
ENSO on rainfall characteristics in the tropical peatland areas of Central Kalimantan,
Indonesia. Hydrological Sciences Journal, 58(3), 539-548.
[36] Tangang, F., Farzanmanesh, R., Mirzaei, A., Salimun, E., Jamaluddin, A. F. & Juneng, L. 2017.
Characteristics of precipitation extremes in Malaysia associated with El Niño and La Niña
events. International Journal of Climatology, 37, 696-716.
[37] Tongkul, F., Benedick, H. & Chang, F. K. 2006. Geology of slopes in the Crocker range
mountain, Sabah, Malaysia. Nepal Geological Society, 34, 73–80.
[38] Walsh, R. P. D. & Newbery, D. M. 1999. The ecoclimatology of Danum, Sabah, in the context of
the world's rainforest regions, with particular reference to dry periods and their impact.
Philosophical Transactions of the Royal Society of London. Series B: Biological Sciences, 354(1391),
1869-1883.
[39] Walsh, R. P., Ellison, S., Los, S. O., Bidin, K., Sayer, A. M. & Tussin, A. M. 2013. Changes in
large rainstorm magnitude–frequency over the last century in Sabah, Malaysian Borneo and
their geomorphological implications. The Holocene, 23(12), 1824-1840.
[40] Wen, P. P. & Sidik, M. J. 2000. Impacts of rainfall, temperature and recent El Niños on fisheries
and agricultural products in the west coast of Sabah. Borneo Science, 28, 73 - 85
[41] Zhang, J., Zhou, L., Ma, R., Jia, Y., Yang, F., Zhou, H. & Cao, X. 2019. Influence of soil moisture
content and soil and water conservation measures on time to runoff initiation under different
rainfall intensities. CATENA, 182, 104172.
[42] Zheng, J., Fan, J., Zhang, F., Yan, S. & Xiang, Y. 2018. Rainfall partitioning into throughfall,
stemflow and interception loss by maize canopy on the semi-arid Loess Plateau of China.
Agricultural water management, 195, 25-36.
[43] Zhu, L., Meng, Z., Zhang, F. & Markowski, P., M. 2017. The influence of sea-and land-breeze
circulations on the diurnal variability in precipitation over a tropical island. Atmospheric
Chemistry and Physics, 17, 13213–13232.

ISSN 2289-8786. http://tost.unise.org/

