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Abstract: This study aims to investigate the daily rainfall pattern over a 39 year period (1970-2008) using data
from 50 selected rainfall stations. The trends and spatial pattern of the daily rainfall data in Peninsular Malaysia
based on seasonal rainfall indices. The storm behaviors comprising of the Arrivals Storm (AS), the Number of
Ramcells (NR), the Raincells Intensity (RI) and the Ramcells Duration (RD) will be used to analyze during the
monsoon seasons. Due to the limited number of stations, the geostatistical method of ordinary kriging 1s used
to compute the values of properties of storm and to map their spatial distribution. The findings of this study
indicate that there were differences in spatial distribution of arrival storm over Peninsula during both seasons
with highest rate arrival storm over the East compared to other regions during South West Monsoon (SWhM).
In contrast, the rate arrival storm significantly decreasing over the East regions during North East Monsoon
(NEM). The storm is more common in NEM season than SWM season. In terms of number of raincells, it can
be concluded that the spatial distribution rate number of ramcells during NEM season ligher than SWM
season. In contrast, the spatial distribution the rate raincells intensity during NEM seasons lower than SWM
season. However, no significant differences in raincells duration during both seasons over Peninsula. This
finding explains the occurrence of a large number of floods and soil erosions would more likely occur in the
NEM, especially in the South West and East region. Therefore, precautionary measures should be taken earlier

to prevent any massive destruction of property and loss of life due to the hazards.
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INTRODUCTION

Climate change is an undeniable, pervasive and
msidious world crisis with promment increases in the
intensity and frequency of many extreme events such
as tropical cyclones, heat waves, thunderstorms,
prolonged dry spells, tornadoes, intense rainfall and
severe dust storms 1in some regions (Othman ef af., 2015).
The issues of climatic change receive considerable
attention from various scientist, particularly with regard to
the effect of the behavior of the rain. The analysis of
rainfall behavior is becoming important in many areas,
particularly in water-related sectors such as hydrology,
agriculture and water resource management. The
expansion of wrigated agriculture, coupled with the
development of mdustrialization and the rapid growth of
population, contribute to the demand for the analysis of
rainfall behaviour as such analysis can be utilized in
rainfall forecasting and decision making (Khalid et al.,
2016; Shakib et al., 2016).

Generally, Peninsular Malaysia is formed of highland,
floodplain and coastal zones. The Titiwangsa Range
forms the backbone of the Peninsula which runs from the
Malaysia-Thailand border in the North to the South over
a distance of 483 km and separates the Fastern part
from the Western (Suhaila and JTemain, 2007 ). The climate
of the Peninsula is very much influenced by two main
monsecons: the South West Monsoon (SWM) from May
to August and the North East Monsoon (NEM) from
November to February (Suhaila and Jemam, 20092, b).
There have been a few published works on the behavior
rainfall Peninsular Malaysia. Among them are works on
detecting trends in dry and wet spells over the Peninsula
during monsoon seasons (Deni et al., 2008, 2010a, b),
changes m extreme rainfall events (Wan et al, 2010),
changes m daily ramnfall during monsoon seasons
(Suhaila et al, 2010) and analysis of rainfall variability
(Wong et al., 2009).

The rainfall behavior have been studied by scientists
(Aravena and Luckman, 2009; Turkes et al, 2008
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Martinez ef afl, 2007, Lana ef af, 2004y In studying
behaviors such as the extreme rainfall, intensity of rainfall,
total rainfall and heavy rains have been studied using
statistical theories (Gong ef af., 2004, Ficcarreta ef af.,
2004, Frich et «f, 2002, Manton et «f, 2001
Brunetti f ., 2001, Tick and Samah, 2004 The
trend and spatial distribution of the rainfall concentration
in China have studied by Zhang ef al (2009). They
findings contributed to the basin-scale water resource
management and conservation of the ecological
environment. This method has also been applied to other
regions such as Catalonia (Burgueno ef af, 2004, 2005,
20100 and  India  (Soman  and  EKumar, 1990,
Ananthalorishnan and Soman, 19890

MATERIALS AND METHODS

Peninsular Malaysia 15 located m the tropics. It
experiences a wet and humid tropical climate throughout
the year, characterized by high annual rainfall, humidity
and temperature. Peninsular Malaysia has a uniform
ternperature of 25.5°-32°C throughout the year. Generally,
annual rainfall is between 2,000 and 4,000 mm whille the
annual number of wet days ranges from 150-200. The
climate of Peninsular Malaysia 15 described by four
monsoons of more precisely two monsoons separated
by two inter-monscons. In this study, the South West
Monsoon (3WhD) occurs from May to Septemnber. In
Peninsular Malaysia, the Main Range Mountains, known
locally as Banjaran Titiwangsa, run Southward from the
Malaysia-Thai border in the North, spanning a distance of
483 km and separatng the Eastern and Western parts of
the Peninsula. During the NEWM season, exposed areas in
the Eastern part of the Peninsula receive heavy ramnfall In
contrast, areas sheltered by the main range as shown in
Fig. 1 are more or less free from its influence.

In this study, daily rainfall data from 50 rain
gauge stations were obtained from the Malavsian
Meteorological and Drainage and Irrigation Departments
tor the period of 1970-20028 Based on rainfall distribution,
Dale (1959} delineated five rainfall regions in Peninsular
Malaysia: North West, West, Port Dickson-Muar coast,
South West and East (Brunetti ef af., 20000 In this study,
the stations located on the Port Dickson-huar coast were
combined with those in the South West region, due tothe
very limited number of stations available in the former. &
list of the 50 stations is provided in Table 1.

There aretwo models that can be used to analyze the
rainfall data at a scale of hours or mirutes, first, we
consider models for a single site (R odriguez-Tturbe ef |
1987, Favre ef af., 2004} in which storms arrive randomly
accordmg toa poisson process, each storm consisting of
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Fig 1: Physical map of Peninsular Malaysia

a random mumber of cells, each depositing rain for a
random period. The arrivals of cells form a stochastic
series of points in time subject to clustering. Two models
have been used in the literature to represent such a
clustered point process. Both models involve 5/6 storm
behaviour (parameters), dependmng on the assumptions
used.

In general, the parameters of the NERP Model can be
estimated by selecting a set that matches as closely as
possible, the expected statistics of the generated time
series with the corresponding statistics estimated from
observed rainfall time series. To wnplernent this, the maodel
parameters are estimated by minimizing:

2= 3] A0 ®

kx ®]x ICT)
Where:
Iz = The set of statistics
T = The each with a specified aggregation level

=, 3, T) = The expected value of kt for the NSEP Model
using a given set of parameters

& =The sample estimate of k evaluated from
chserved data

A numerical optimizing routine such as the Simplex
algorithm 1s used to find the parameter set that minimizes
the Z(30) function subjectto fized upper and low er bounds
applied to the parameters (Yendraef af., 2015, 2017).
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Table 1: The 50 rain gauges stations in Peninsular Malaysia

Regions/Stations  Codes States Longitudes Latitudes
South West
Kota Tinggi 51 Johor 103.72 1.76
Batu Pahat 52 Johor 102.93 1.84
Endau 53 Johor 103.62 2.65
Labis 54 Johor 103.02 2.38
East
Batu Hampar 85 Trengganu 102.82 5.45
Bertam S6 Kelantan 102.05 5.15
Besut 87 Trengganu 102.62 5.64
Sg Chanis 38 Pahang 102.94 2.81
Dabong 59 Kelantan 102.02 5.38
Dungun 810 Trengganu 103.42 4.76
Gua Musang 811 Kelantan 101.97 4.88
Kemaman S12 Trengganu 103.42 4.23
Sg Kepasing 313 Pahang 102.83 3.02
Kg Aring 514 Kelantan 102.35 4.94
Kg Dura 815 Trengganu 102.94 5.07
Machang 516 Kelantan 102.22 5.79
Paya Kangsar 817 Pahang 102.43 3.90
Kg 8g Tong S18 Trengganu 102.89 5.36
Ulu Tekai 519 Pahang 102.73 4.23
Pekan 320 Pahang 103.36 3.56
West
Ampang 521 Selangor 102.00 3.20
Bkt Bendera 322 Pulau Pinang 100.27 542
Chin Chin 824 Melaka 102.49 2.29
Genting Klang 525 W. Persekutuan  101.75 3.24
Jasin 826 Melaka 102.43 231
Kalong Tengah 528 Selangor 101.67 3.44
Kampar 529 Perak 101.00 571
Kg Sawah Lebar 330 N.Sembilan 102.26 2.76
Ladang Bikam 531 Perak 101.30 4.05
Kg Kuala Sleh 532 W. Persekutuan 101,77 3.26
Petaling 833 N. Sernbilan 102.07 2.94
Rompin 534 N. Sembilan 102.51 2.72
Seremban 835 N. Sembilan 101.96 2.74
Sg Batu 836 W. Persekutuan  101.70 3.33
Sg Bernam 837 Selangor 101.35 3.70
Sg Mangg 838 Selangor 101.54 2.83
Sg Pinang 339 Pulau Pinang 100.21 5.39
Merlimau S840 Melaka 10243 2.15
Siti Awan 841 Perak 100.70 4.22
Sg Sp Ampat 542 Pulau Pinang 100.48 5.29
Telok Intan 843 Perak 101.04 4.02
Tanjung Malim 844 Perak 101.52 3.68
North West
Alor Setar 845 Kedah 100.39 6.11
Arau 546 Perlis 100.27 6.43
Raling 847 Kedah 100.74 5.58
Kuala Nerang 548 Kedah 100.61 6.25
Padang Katong 549 Perlis 100.19 6.45
Pdg Mat Sirat 850 Kedah 99.67 6.36
The NSRP Model therefore has a total of

5 parameters that can be estimated by mimmizing an
objective function, evaluated as sum of normalized
residuals between the statistical properties of the
observed and  their  theoretical  expressions
(Rodriguez-Iturbe et al, 1987, Cowpertwait, 1991,
Cowpertwait et al., 1996).

RESULTS AND DISCUSSION

The following sections discuss the application of the
NSRP Model to produces parameter based on hourly

rainfall data of 50 rain gauges stations used in this study.
In Table 2 has displayed NSRP parameters for the
precipitation on November and December. Parameters
that have been produced the next will be tested ability to
estimate some statistics that are considered important
such as mean of rain an hour, probability of rain
1 and 24 h.

Results of statistical 1s compared with the statistical
observation. For this purpose, Table 3 are presented and
1t appears that the estumated are not sigmificantly different
from observed Whereas the statistical probability of rain
24 h observed and estimated found slightly different
results, the results can be found at station S1, S6 and S12.
However, overall NSRP Model conducted in Peninsular
Malaysia has been successfully done.

Figure 2 and 3 depict the spatial distribution of
rainfall behaviour for SWM and NEM, recorded during
the period 1970-2008. The largest rate of AR during the
SWM season was seen over the Eastern region,
particularly on July. During this month the storm arrival
rates of =0.042 or in other words, on average, exceed
0.99 storm occurred today. While this season 1s also the
Western region is the lowest with storm arrival rates of
not more than 0.002 in other words storm occurred not
more than 20.83 days. The storm arrival rate of increase in
NEM season especially on November, in this month storm
arrival rate of >0.06 or storm took place about the time of
0.69 days whille the lowest rate of storm arrival occurs in
East region with the not more than 0.002 storm occurred
not more than 20.83 days. From these results, it appears
that storm more often during the NEM season, especially
1n the West and SouthWest.

The spatial distribution of Raincell Intensity (RI)
during the SWM and NEM seasons can be found on
Fig. 2 and 3. RT of more than 340 mm/h was observed over
the Peninsula during the SWM season on September with
the largest RI identified in several areas including the
South Western Peninsula. The lowest RI was observed in
the Eastern and Western regions. During the NEM
season, the South Western region recorded the highest RT
with more than 200 mm/h was observed, particularly on
November. While, the lowest can be found in a few areas
on North West region with value not more than 55 mm/h.
This findings can explam that during NEM season RI
lower than SWM season.

The spatial distribution of Number of Ramecell (WNR)
values during both seasons is displayed in Fig. 2 and 3.
The largest NR during the SWM season was observed
mainly in the South Western Peninsula recorded more
than 42 mm, particularly on September. During the SWM
season, most areas recorded not more 8. While during the
NEM season, it can be concluded that almost all areas in
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Table 2: NSRP parameter of 50 rain gauges stations

November December
Regions/Stations A EX) E(C)H B | A EX) E(C) B |
South West
51 0.025 93.70 2.56 0.116 2.23 0.012 56.82 7.88 0.078 1.48
52 0.028 22146 1.46 0.020 2.08 0.021 70.67 4.58 0.109 2.56
RE) 0.033 15.58 1.39 0.221 222 0.012 5.96 570 0.081 2.16
RES 0.003 74.40 16.28 0.001 1.48 0.015 85.30 541 0.112 1.96
East
55 0.012 12.69 4.34 0.068 3.03 0.021 11.94 322 0.197 3.08
36 0.022 528 577 0.098 2.23 0.012 4.31 15.23 0.081 213
57 0.012 8.65 13.68 0.034 1.50 0.009 4.93 22.14 0.026 1.03
58 0.027 89.30 2.80 0.193 231 0.012 94.99 10.56 0.097 222
59 0.017 6.24 7.69 0.062 1.64 0.011 539 16.08 0.061 1.60
510 0.014 517 11.08 0.054 1.08 0.010 3.86 14.21 0.045 0.71
S11 0.020 1.87 3.81 0.088 212 0.010 4.75 10.91 0.055 1.506
512 0.013 56.95 14.20 0.071 1.42 0.010 3541 3641 0.060 1.32
513 0.029 95.27 2.67 0.132 2.31 0.012 69.41 7.45 0.054 1.67
514 0.022 724 549 0.050 1.92 0.012 6.23 17.26 0.066 1.83
515 0.021 81s 8.95 0.047 1.91 0.013 4.99 2043 0.040 1.24
516 0.015 4.71 14.23 0.095 1.72 0.008 365 94.52 0.097 3.23
517 0.020 741 3.75 0.066 1.98 0.014 527 6.69 0.053 1.68
518 0.020 .06 .27 0.054 1.77 0.013 7.87 13.76 0.034 1.01
519 0.023 13.26 5.63 0.126 331 0.012 6.26 44.97 0.111 4.95
520 0.025 836 3.54 0.083 1.54 0.011 6.09 10.71 0.055 0.96
West
521 0.007 567 10.95 0.037 2.30 0.008 7.62 565 0.096 2.82
522 0.027 8.64 2.83 0.074 1.74 0.012 8.83 2.90 0.067 1.97
8524 0.028 2.71 11.38 0.478 3.02 0.012 5.96 570 0.081 2.16
525 0.037 82.69 2.57 0.121 2.08 0.009 85.79 6.55 0.042 2.03
326 0.031 6.28 7.30 0.786 4.92 0.009 515 10.32 0.076 2.62
528 0.051 8.69 2.44 0.177 1.95 0.016 5.90 505 0.059 1.86
529 0.038 10.65 2.51 0.08% 213 0.026 11.14 248 0.076 1.94
530 0.015 79.97 4.67 0.044 2.15 0.014 44.10 534 0.066 1.80
831 0.032 878 3.26 0.085 218 0.038 11.58 2.80 0.798 3.23
532 0.048 11072 1.95 0.263 2.52 0.015 107.19 347 0.051 2.63
533 0.026 61.91 3.22 0.13% 2.16 0.016 60.17 4.11 0.080 2.02
534 0.023 60.32 4.92 0.080 217 0.014 44.12 6.91 0.061 1.69
835 0.034 7.09 3.15 0.169 2.14 0.014 6.56 4.53 0.069 2.07
536 0.038 12997 2.35 0.051 2.48 0.033 97.96 242 0.170 2.46
337 0.036 851 3.46 0.186 2.74 0.020 11.08 378 0.091 2.83
538 0.037 63.64 4.47 0.658 349 0.024 97.53 378 0.198 371
339 0.030 727 3.57 0.281 2.07 0.010 6.87 398 0.103 1.82
340 0.024 845 4.98 0.141 4.31 0.011 4.97 6.61 0.102 2.36
541 0.031 8.56 2.55 0.236 2.05 0.017 8.57 386 0.092 2.31
542 0.028 6.78 3.20 0.100 1.65 0.016 6.77 319 0.122 1.79
REE) 0.033 T.64 3.38 0.186 219 0.024 8.67 310 0.181 2.01
S44 0.037 7.94 331 0.110 2.22 0.022 8.86 312 0.086 243
North West
545 0.007 2.09 16.27 0.113 2.05 0.007 546 7.40 0.086 2.58
546 0.010 570 16.49 0.054 2.61 0.005 8.23 24.89 0.067 3.98
347 0.012 5.04 5.97 0.127 2.39 0.006 9.60 557 0.097 33
548 0.022 411 5.18 0.147 1.89 0.008 362 6.92 0.080 1.51
349 0.078 67.53 1.01 0.17% 2.57 0.003 16.50 22.20 0.048 1.09
550 0.011 6.89 8.10 0.061 2.43 0.008 7.68 4.09 0.098 2.86

Table 3: Comparison statistics estimated and observed for 50 rain gauges stations

November December
Stations MO ME KO KE KO2 KE2 MO ME KO KE KO2 KE2
51 2.74 2.72 0.08 0.08 0.57 0.57 3.31 3.54 0.11 0.12 0.51 0.47
52 3.45 4.38 0.11 0.06 0.64 0.61 2.73 2.67 0.11 0.11 0.56 0.58
53 0.29 0.32 0.10 0.06 0.58 0.58 0.19 0.19 0.08 0.08 0.44 0.45
54 2.61 2.58 0.09 0.08 0.55 0.69 2.80 3.52 0.11 0.10 049 0.47
85 0.23 0.22 0.06 0.06 0.42 0.44 0.27 0.26 0.08 0.07 0.47 0.49
86 0.29 0.30 0.14 0.14 0.66 0.63 0.32 0.36 0.16 0.17 0.60 0.52
57 0.89 0.93 0.20 0.20 0.70 0.69 0.96 0.98 0.27 0.27 0.72 0.72
58 2.9 2.96 0.09 0.09 0.58 0.57 4.23 5.62 0.13 0.13 0.58 0.48

7643



Table 3: Continue

J. Eng. Applied Sci., 12 (24): 7640-7648, 2017

November December
Stations MO ME KO KE KO2 KE2 MO ME KO KE KO2 KE2
59 0.47 0.50 0.16 0.16 0.69 0.64 0.54 0.61 0.18 0.19 0.66 0.57
510 0.70 0.76 0.21 0.21 0.73 0.65 0.71 0.76 0.21 0.22 0.64 0.58
511 0.36 0.37 0.12 0.12 0.68 0.66 0.32 0.34 0.14 0.14 0.56 0.52
512 6.68 7.66 0.20 0.20 0.70 0.59 831 942 0.26 0.27 0.68 0.58
513 3.18 3.25 0.10 0.10 0.65 0.62 3.43 3.60 0.11 0.11 0.56 0.53
514 0.45 0.45 0.15 0.15 0.73 0.73 0.58 0.69 0.19 0.20 0.69 0.57
515 0.78 0.80 0.22 0.22 0.79 0.78 1.00 1.04 0.29 0.29 0.73 0.73
516 0.53 0.58 0.19 0.20 0.65 0.57 0.74 0.88 0.22 0.23 0.57 0.46
517 0.28 0.28 0.10 0.10 0.60 0.60 0.30 0.29 0.12 0.12 0.57 0.58
518 0.80 0.83 0.21 0.21 0.75 0.74 0.97 1.45 0.25 0.26 0.75 0.74
519 0.40 0.52 0.14 0.13 0.71 0.61 0.48 0.69 0.20 0.23 0.64 0.53
520 0.47 0.48 0.12 0.12 0.64 0.64 0.70 0.76 0.17 0.17 0.61 0.55
521 0.18 0.18 0.09 0.09 0.46 0.45 0.12 0.13 0.05 0.05 0.33 0.32
522 0.38 0.38 0.11 0.11 0.65 0.66 0.16 0.16 0.05 0.05 0.39 0.39
524 0.29 0.29 0.10 0.15 0.58 0.57 0.19 0.19 0.08 0.08 044 0.45
525 3.80 3.74 0.12 0.12 0.68 0.71 2.37 2.45 0.08 0.08 048 0.46
526 0.28 0.29 0.12 0.11 0.56 0.57 0.17 0.18 0.09 0.09 041 0.40
528 0.43 0.43 0.16 0.15 0.75 0.79 0.27 0.26 0.11 0.11 0.55 0.58
529 0.49 0.48 0.13 0.12 0.70 0.74 0.37 0.37 0.09 0.09 0.60 0.61
530 2.70 2.63 0.09 0.09 0.56 0.58 1.81 1.79 0.10 0.10 0.51 0.51
531 0.44 0.43 0.13 0.13 0.68 0.73 0.36 0.38 0.12 0.09 0.63 0.63
532 4.14 4.13 0.11 0.11 0.73 0.73 2.16 2.13 0.07 0.07 0.51 0.52
533 2.42 2.40 0.10 0.10 0.59 0.59 1.97 1.94 0.08 0.08 049 0.50
534 3.21 3.17 0.14 0.14 0.65 0.66 2.43 2.45 0.12 0.12 0.56 0.55
835 0.36 0.35 0.13 0.13 0.64 0.67 0.21 0.21 0.08 0.08 048 0.50
836 4.67 4.64 0.11 0.11 0.77 0.78 3.15 3.15 0.10 0.10 0.63 0.63
837 0.40 0.39 0.14 0.13 0.67 0.69 0.30 0.29 0.09 0.09 0.54 0.56
538 2.99 2.98 0.11 0.11 0.63 0.63 2.47 242 0.09 0.09 0.53 0.55
539 0.37 0.37 0.11 0.11 0.60 0.59 0.15 0.16 0.05 0.05 0.35 0.34
840 0.24 0.23 0.12 0.11 0.56 0.59 0.16 0.16 0.08 0.08 0.40 0.41
841 0.26 0.26 0.10 0.10 0.59 0.60 0.24 0.24 0.08 0.08 0.50 0.49
842 0.37 0.37 0.12 0.12 0.65 0.66 0.20 0.20 0.07 0.07 0.43 0.44
843 0.40 0.39 0.13 0.13 0.63 0.65 0.32 0.32 0.09 0.09 0.53 0.53
844 0.45 0.44 0.15 0.15 0.71 0.74 0.26 0.25 0.09 0.09 0.57 0.58
845 0.11 0.11 0.09 0.09 0.28 0.29 0.12 0.11 0.06 0.06 0.29 0.30
846 0.37 0.38 0.17 0.17 0.57 0.57 0.23 0.28 0.10 0.10 0.40 0.34
847 0.15 0.15 0.08 0.08 0.38 0.38 0.10 0.10 0.04 0.04 0.25 0.25
548 0.25 0.25 0.13 0.13 0.58 0.57 0.13 0.13 0.07 0.07 0.36 0.35
549 2.45 2.08 0.10 0.10 0.51 0.85 0.96 0.90 0.07 0.07 0.21 0.22
550 0.25 0.25 0.10 0.10 0.50 0.50 0.09 0.09 0.04 0.04 0.29 0.29

ME = Mean of 1 h rainfall; MO =Mean of 1 h rainfall; KE = Probability of 1 h rainfall; KO = Probability of 1 h rainfall; KE2 = Probability of 24 h rainfall
and K02 = Probability of 24 h rainfall
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the Peninsula experienced the NR higher than during
SWM season. In NEM season, the lowest NR can be
found in almost all areas m Perinsula with value <9 on
November and will mcrease significantly on December. In
this season only a few small areas in West region the
largest NR was observed with value >340 on November
and =44 for on other months. This findings can explain
that durmg NEM season NR higher than SWM
season.

Interms of the RD, it can be concluded that almost all
areas in the Penmsula experienced the same RD not more
than 4.2 h, only a few places m the North recorded more
than 5.6 h during the SWM season. During the NEM
season, only a few places in the West recorded more than
15.2 h, particularly on December. During this season,
almost all areas m the Perunsula the NR values not more
than 4.2 h

CONCLUSION

The results of this study indicate that the highest for
RI and NR was found in the SouthWestern for SWM and
NEM seasons and the highest AR and RD duning the
SWM and NEM season was found in the Eastern and
Western, respectively. However, the rate of AR during
NEM season is higher than during SWM season, this
fact can be conclude that the storm is more common
i NEM season. Based on these result, it can be argued
that South West and East region can more likely be
considered the wettest area during NEM season. This
also explains the occurrences of floods and soil erosions
more likely oceur during NEM, particularly for South West

and East region. The presence of the mountain ranges
separating Eastern and Western parts of Peninsula could
be the best reason to explain the differences in behavior
storm by each region. The result of mapping mmportant
statistic, namely mean and probability of rain for
1 and 24 h during SWM and NEM season indicate that
South West and East region more likely be considered
wettest area.
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