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A statistical modeling of extreme rainfall in Peninsular Malaysia
using the Generalized Extreme Value (GEV) distribution
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Abstract

In this study, we have used the maximum daily rainfall data from a total of 22 automatic rainfall

stations obtained from Department of Irrigation and Drainage Malaysia (DIDM) during 1971-2007. We
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have made use of the annual and seasonal maximum daily rainfall data to analyze extreme rainfall in
Malaysia. We have also applied the generalized extreme value (GEV) distribution to model the
occurrence probability of extreme rainfall in Peninsular Malaysia. The results showed that the greatest
rainfall intensity was found in the east coast of Malaysia, while the lowest extreme rainfall intensity was
found in the west central areas. Besides, our study also highlights a positive trend of extreme rainfall
event that occurred at west central region in recent year. This result also suggests a likely increase of
extreme flooding events in Malaysia in the coming years. For seasonal analysis, it is suggested that a
rising flood disaster would possibly be affecting west central areas during the spring (MAM) and
autumn (SON), while the northern part of Peninsula would probably suffered from the drought disaster
during SON. We have also used the GEV distribution to calculate the return value for the 50-year and
100-year return periods. The maximum likelihood estimation (MLE) is suggested to be the best
estimation in this study based on the result of goodness-of-fit. In this study, we have also noticed an
apparent difference between the western and eastern parts of Peninsular Malaysia on the variation scale
of return level, in which the variation recorded in the eastern region was greater than that of the western
region. In addition, the observed rainfall level in the western region had exceeded the 100-year return
level estimation. Our results suggest that deliberation is needed in the use of the GEV distribution for
the estimation of the return levels of extreme rainfall in the western part of Peninsular Malaysia. For the
spatial pattern of the extreme rainfall, our results also suggest that there is a shift in the spatial
distribution of the extreme rainfall in recent years.

Keywords: Extreme rainfall, Generalized Extreme Value (GEV), Return period, spatial-temporal

variability

Introduction

In recent years, an increment in precipitation that occurred around the world is associated with
climate change. Furthermore, the frequency and scale of disasters, e.g. extreme floods, landslides and
mudflows, would expand with an increase in extreme rainfall events. It could also cause severe damage
to the human society, resulting in human casualty, infrastructure destruction, economic stagnation,
financial loss, disease outbreak, etc. Several studies have raised concern on the issue of extreme rainfall
in Malaysia (e.g. Juneng et al. 2007; 2010; Wan Zin et al. 2009; 2010; Zakaria et al. 2012) in response
to the extreme flooding associated with the global warming. In respect of this, the study and analysis of
extreme rainfall would be important in facilitating effective flood management.

Nowadays, both dynamic simulation and statistical analysis were used in the study of extreme
rainfall. The use of dynamic simulation could help in reconstructing the behavior of extreme rainfall
events in an efficient way. However, the simulation results would not be able to perfectly forecast every
possible extreme rainfall event due to highly variable environmental conditions. In addition, the

complexity in the modeling process itself would also lead to myriad technical uncertainties and hence
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causing more challenges to dynamic simulations. Statistical analysis is an alternative approach for the
study of extreme rainfall, in which historical weather data were use for analysis, interpretation,
organization, and induction of the spatial-temporal distribution and the trend of the extreme rainfall
events. In the extreme rainfall study, the extreme value theory is a popular method used in the research
of extreme rainfall. It is used to establish the probability distribution model and to estimate the return
level of the extreme rainfall.

Extreme value theory is a method of statistical analysis concerning small probability events. In the
past, the extreme value theory had gained considerable ground to become a major concept in the
probability theory. It has been widely applied in many fields, for instance, financial marketing (e.g.
McNeil and Frey 2000), risk and insurance management (e.g. Berlant et al. 1996), earthquake (e.g.
Lavenda and Cipollone 2000), hydrology and hydraulic analysis (e.g. Martins and Stedinger 2000),
atmospheric science, etc. In atmospheric science, extreme value theory has been applied in the sea
levels analysis (e.g. Sobey 2005), temperature (e.g. Zwiers et al. 2011), precipitation (e.g. Feng et al.
2007), and so on.

In the summer of 1972, Rapid City of the South Dakota in the United State was landed with severe
flood disaster. It had caused a tremendous loss of property and life. Most people have referred to the
disaster as a "once-in-a-century" event. Hershfiels (1973) indicated that there was a common
inadequacy in the public understanding of the term “once-in-a-century” in frequency analysis. He
pointed out that the extreme rainfall frequency analysis played an important role in the prediction of
flood disaster and had used the Gumbel distribution to estimate the probabilities of extreme rainfall in
Rapid City. Thereafter, Gumbel distribution has always been used by some investigators in their
extreme rainfall analysis (e.g. Pagliara et al. 1998). However, many other studies were skeptical of the
Gumbel distribution model and argued that it tended to underestimate the maximum extreme rainfall
(Wilks 1993; Koutsoyiannis and Baloutsos 2000; Coles et al. 2003; Coles and Pericchi 2003;
Koutsoyiannis 2004). Koutsoyiannis and Baloutsos (2000) indicated that the 3-parameter Generalized
Extreme Value (GEV) distribution was more suitable than the 2-parameter distribution such as Gumbel
distribution to interpret the upper tail of a probability distribution of extreme rainfall through the annual
maximum daily rainfall data spanning a period of 136 years from 1860-1995 that was provided by a
meteorological station in Athens.

The progress of the application of extreme value theory to extreme rainfall was extending to
various other distributions, for example, Parida (1999) indicated that the generalized 4-parameter Kappa
distribution has the ability to fit the extreme data well and it also could take the form of several
underlying distribution including the 2-parameter and 3-parameter distributions. Furthermore, Park et al.
(2001) and Park and Jung (2002) have used 5-parameter Wakeby distribution and 4-parameter Kappa
distribution, respectively, to model the extreme rainfall in South Korea during the summer. However,
Nadarajah and Choi (2007) were disapproval of these distributions, arguing that those were not extreme

value distribution and there was no theoretical basis to model the extreme rainfall based on these
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distributions. In Malaysia, Zalina et al. (2002a; 2002b) and Wan Zin et al. (2009) used various types of
distribution models such as the Gumbel, Gamma, GEV, generalized normal, GPD, Pearson type 3, etc.
to model the extreme rainfall distribution in Malaysia. However, it is still debatable whether using
annual maximum daily rainfall in all types of distribution would lead to a questionable result.

In this study, we used the generalized extreme value (GEV) distribution, a classical extreme value
theory that has the flexibility of the other three major types of distribution models proposed by
Jenkinson in 1955. GEV is a typical extreme value distribution model based on the annual maximum, or
block maximum value data collection (Chu et al. 2009). According to previous studies, 3-parameter
GEV distribution model is widely used for extreme value analysis in different countries like United
State (e.g. Chu et al. 2009), China (e.g. Feng et al. 2007), South Korea (e.g. Nadarajah and Choi 2007),
Australia (e.g. Aryal et al. 2009), and Brazil (e.g. Sugahara et al. 2009).

The maximum likelihood (MLE) and the L-moment (LM) are the two most common methods used
as the parameter estimator for GEV distribution. They both have advantages and disadvantages in
analysis depending on the sample size. Hosking et al. (1985) indicated that the result of the bias and
variance terms of the LM estimator is better than the MLE when the sample size is small. In contrast,
the MLE is more applicable in estimating a complex probability density functions parameters
(Raynal-Villasenor 2012). It was reported to be more accurate in parameter estimation with large sample
size (Raynal-Villasenor 2012; Madsen et al. 1997; Martins and Stedinger 2000). As mentioned above,
we adopted both approaches in our analysis to get a proper estimation of the extreme rainfall.

In this study, we propose the use of generalized extreme value distribution to describe the
occurrence probability of the extreme rainfall in Peninsular Malaysia. Besides, we have evaluated the
analyzed data for the annotation of the extreme rainfall in Peninsular Malaysia. A detailed description
on data quality control and methodology is mentioned in the following section. Furthermore, the results

of this study are discussed in section 4 and the conclusions are highlighted in section 5.

Area of study and data

1. Area of study

Peninsular Malaysia or West Malaysia is a part of Malaysia that is separated from East Malaysia by
South China Sea (CSC). The major mountain range that forms the backbone of Peninsula is Titiwangsa
Mountains, which divides Peninsular Malaysia into eastern and western parts. It also serves as a
demarcation line that divides different rainfall pattern between eastern and western part of Peninsular
Malaysia (Fig. 1). In general, the rainfall of Peninsula is subjected to the influence of two monsoons,
which are southwest monsoon from May to September and the northeast monsoon from November to
March (Liew and Fredolin 2002; 2008; Fredolin and Alui 2002). The two monsoons are separated by

two inter-monsoon periods. In northeast monsoon period, the east coast of Peninsula would incur
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substantial rainfall, while the southwest monsoon has less influence on rainfall over the Peninsula and

off shore of SCS due to topography effect.

Fig. 1 The locations of meteorological stations used in this study

In addition, the monthly mean surface meridional and zonal wind data from 1948/1~2013/12
obtained from the NCEP Reanalysis data (National Centers for Environmental Prediction Reanalysis,
retrieved from http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis. surface.html) and the
monthly mean surface rainfall analyzed by GPCC (Global Precipitation Climatology Centre, retrieved
from http://www.esrl.noaa.gov/psd/data/gridded/data.gpcc.html) with a spatial resolution of 2.5°
longitude X 2.5° latitude during 1901/1~2012/2 for the seasonality analysis of Malaysia, are shown in
Fig. 2. During the boreal autumn seasonal that transition from summer monsoon to winter monsoon, the
convective centre, which is located at the adjacent bay of Begal, progresses gradually from northern to
southeastern region (Chang et al. 2005). Accompanying the moving of the maximum convection is the
spatial variation of rainfall in Malaysia till winter monsoon. During the boreal spring, the maximum
convective which anchor at the near/south of the equator is withdrawn. The spring rainfall moves from

the southern to north part of the Peninsular Malaysia.
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Fig. 2 The average meridional and zonal wind (vector) and rainfall (contour)

for the (a) MAM, (b) JJA, (c) SON, and (d) DJF.

Ng (2013) indicated that the rainfall patterns in Peninsular Malaysia could be divided into
unimodal (annual) and bimodal (semiannual) patterns. The unimodal pattern of rainfall is shown in the
East Coast Peninsula. Most rainfall is seen in the autumn (SON, Sep-Oct-Nov) and winter (DJF,
Dec-Jan-Feb). The spring (MAM, Mar-Apr-May) and summer (JJA, Jun-Jul-Aug) are the dry periods.
For the unimodal patterns, the rainfall in Peninsular Malaysia is primarily influenced by the northeast
monsoon. On the other hand, the bimodal pattern is mainly observed in the western Peninsula. The wet
seasons appear in MAM and SON and JJA and DJF are the seasons with lower rainfall amount along the
western Peninsula. The characteristic bimodal pattern of rainfall is weakened from south central areas to
northern Peninsula as a result of the transition between DJF and JJA and the migration of maximum
convection. This has resulted in temporal-distribution variation of rainfall in Peninsular Malaysia (Ng
2013).

2. Data

The daily precipitation data from 22 automatic rainfall stations selected based on =90% data
integrity in Peninsula from January 1971 to December 2007 were provided by the Department of
Irrigation and Drainage Malaysia (DIDM). The geographical coordinates and the detailed descriptions
of the stations are shown in Table 1, and in Fig. 1. In this study, we used the annual and seasonal

maximum daily rainfall data to analyze extreme rainfall in Peninsular Malaysia. We also used the GEV
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distribution of extreme rainfall to describe the occurrence probability of extreme rainfall. Besides, we

have made use of the inverse distance weighted (IDW) interpolation algorithm in geographical

information system software (ArcGIS) for the mapping of the geospatial distribution of extreme rainfall.

Table 1 The list of 22 rainfall stations with their geographical coordinates in this study and the

percentage of their available data

. . Abbrevia- . . .
Geographical Station No ) . Latitude Longitude Available data
tions of Station

1437116 JB 1.47°N 103.75°E 95.4%

South-West 2224038 cc 2.29°N 102.49°F 99.29%

region 2330009 LB 2.38°N 103.02°F 91.1%

2623085 JHL 2.60°N 102.32°E 99.5%

2719001 SRB 2.74°N 101.96°E 95.0%

2722002 SL 2.76°N 102.26°E 93.9%

2815001 MG 2.83°N 101.54°E 93.7%

Wej;ciz?ral 2920012 PTL 2.94°N 102.07°E 90.3%

3117070 AP 3.13°N 101.75°E 99.4%

3217001 GB 3.27°N 101.73°E 94.2%

3613004 BN 3.70°N 101.35°E 93.4%

3924072 PKS 3.90°N 102.43°E 93.5%

4010001 TIT 4.02°N 101.04°E 92.7%

4207048 STW 4.22°N 100.70°E 93.2%

North-West 5302001 PN 5.39°N 100.21°F 99.1%

region 5806066 IN 5.81°N 100.63°E 96.6%

6103047 AST 6.11°N 100.39°E 96.5%

4819027 GMS 4.88°N 101.97°E 93.7%

2636170 ED 2.65°N 103.62°F 94.4%

East Const 3533102 PK 3.56°N 103.36°E 92.9%

4234109 KMM 423°N 103.42°E 92.4%

4734079 DG 4.76°N 103.42°F 97.2%

Methods

1. Generalized extreme value (GEV) distribution

A series of independent observation data X, , X ,,..., X, are blocked into groups of a regular

time-scale. In this paper, i represent the number of observations blocked into a period of year,

represented by ¢, and the maximum of the group

M, = max{th,X

tz,...,X”. }7 t= 1,2,...,1’[

where M, corresponds to the annual maximum of observations. The distribution of M, can be derives

for all values of n, hence

PriM, <z}=Pr{X, <72, X, <z,...X, <z}={F(2)}"
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when n — oo,{F(z)}” will be a non-degenerate distribution. Following the Fisher and Tippett (1928)

Theorem, If M, exist sequences of constants a,> 0, b,€ R, Then

M -b
Pr{”"ﬁz}—)H(z), as n—»®©
a

n

for an extreme distribution H(z) belongs to one of the three types

I: H(z) = exp {_ exp{—(z_bﬂ}, —0<z<®
a

0’

11 : H(z) = { z—b ‘“} 2=h
exp —( j , z>b;
a
z-bY"
III': H(z) = eXp{_{_( a j}}’ z<b,

1, z2b,

where a is scale parameter, b is location parameter, and ¢ is shape parameter. These three types of
extreme value distributions were known as the Gumbel, Frechet, and Weibull distribution, respectively.
All three types of distribution can be combined into a single function of the form which was called the

Generalized Extreme Value (GEV) distribution (Jenkinson 1955).

H(z) —eXPHH 5(2; #ﬂ—w:}

The parameter ;, &, srepresents location parameter, scale parameter, and shape parameter respectively.

All three types of GEV were determined by shape parameter & When & >0, it would be a Gumbel
distribution. If £ > (0, the associated distribution is called Frechet distribution, which is known as the

"fat-tail" distribution. At last, when & <0, the distribution type would be a Weibull distribution.

2. Parameter estimation

The corresponding probability density functions (pdf) of GEV distribution is given by

h(z) —;{{1 " é(z;“ﬂ_l_w } exp{_ {1 ’ é[z;ﬂﬂ_l/g}

and the cumulative distribution functions (cdf) of the GEV is

H() = exp {— {”%Z;ﬂﬂw}

The unknown parameters £, o, and ¢ were estimated in this study using the maximum likelihood

estimator (MLE) and the L-moment estimator (LM).
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(1) Maximum likelihood estimation (MLE)
In a GEV distribution, the probability density functions are written as h(Z,- | w,0,E),and £, o,

and y are the unknown parameters. The MLE is defined as
L(u,0,8) =[] h(z | u.0.¢)
i=1

The log-likelihood for the GEV parameters when £ 0 that the function is given by

= itose (1 LR 51| 3 -\
(u,0,&)=-nlogo (1+§];10g{1+[ - H ;“log{1+[ - H

provided that
1+§(4_“j>0 i=12,.,n
o

(2) L-moment estimation (LM)

For a real-value random variable X, the random samples are arranged in ascending order where the
n is the sample size. Thatis X, <X, <A <X, Then the r-th LM of random variable X are defined
by (Hosking 1990)

L3 (=1
A =r =1 EX, ., ,+=0,12...
and the LM are thereby defined by
1 *
27:L20n114undﬂ r=012,...
where
2(H) =y+g[1—(—1ogﬂ)‘f] E#0

B(H)=) p H"' |
k=0

C oy rY\r+k
pr,k_(_) k k

A=EX=ﬁ4HMH

and

The first four LM are

4 :%E(Xz:z —X1:2)=J‘;Z(H)(2H—l)dH

A :%E(Xas —2X) 3+ Xy = I;Z(H)(6H2 —6H +1)dH

j'4 = %E(X4:4 —3X,, +3X,, - X)) = _LIZ(H)QOHS -30H° +12H -1)dH
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3. Goodness-of-fit test

In this study, we used the two-sample Kolmogorov-Smirnov (K-S) test introduced by Justel et al.
(1997) to compare the sample distribution functions and the empirical distribution functions under the
0.05 confidence level to determine whether the two samples come from the same distribution. The K-S
test statistic are defined as

max (| F, (x) - F, (x))
where the £ (x)is the sample cumulative distribution functions and F,(x)is the empirical cumulative
distribution functions. The K-S test is defined by
H,:F(x)=F,(x) versus H, :F(x)#F,(x)

when H :h=0, F(x)and F,(x) are from the same distribution, on the contrary, when H, :h=1,

F,(x) and F,(x) are from different distributions.

4. Return level

One of the applications of the extreme value theory is to estimate the probability of maximum
rainfall event X,,, which is termed the return level, of the events occurrence in an estimated time interval

t. The estimated return level was obtained by the inverse of H(z).

1 <
Xp=,u—§{1—[—log(l—t)j }

Results and discussion

1. The changes of temporal and spatial distribution of extreme rainfall

Fig. 3 shows the average annual daily maximum of rainfall for all 22 stations during 1971-2007
over the Peninsular Malaysia. The greatest rainfall recorded was at station ED, which located in the East
Coast Peninsula where the average annual daily maximum rainfall is 226.0 mm day”', while the JHL
station that situated in the Negeri Sembilan, which is located in the west central region, was the lowest.
Generally, East coastal part receives the highest amount of rainfall over Peninsula. Several previous
studies have indicated that the higher rainfall intensity was recorded at the same area and they have
proposed that it was influenced by the northeast monsoon (Suhaila and Jemain 2012; Wan Zin et al.
2010). Besides, an increasing trend of extreme rainfall intensity was recorded in small part of the west
central region, including the stations GB, BN, AP, and SL. The annual increase of the rainfall amount
for these four stations is 0.6mm, 0.8mm, 0.5mm, and 1.3mm, respectively. As discussed in the previous
section, we found that an increasing trend was recorded in the west central areas of Peninsula, which has
low intensity of extreme rainfall in the past. This finding suggests that the west central areas will

possibly face with extreme flooding in the future.
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Fig. 3 The average extreme rainfall intensity from 1971 to 2007 in Peninsular Malaysia. The plus sign
represents the increase trend, and the decrease trend is marked by the minus sign. Solid
plus/minus indicates the statistical significance at the p=0.1 level, and the open plus/minus

represents the statistical significance at the p=0.1 level.

Seasonally, the highest annual mean daily maximum rainfall was recorded in PN during months of
MAM and JJA, which were 93.1 mm day’ and 97.9 mm day™, respectively. At the meantime, the
highest rainfall intensity of JHL was the lowest over Peninsula. A similar result was shown in the SON.
During the SON, the largest rainfall intensity was recorded at DG stations, which located in the north
east region, where the average total was 124.7 mm day™'. The maximum rainfall intensity was then
recorded at the station ED in south east areas during the DJF season and the value was marked as 214.6
mm day”'. This is most likely due to the influence of winter monsoon (Wan Zin et al. 2010). Johnson
(2005) indicated that the topography effect, which happens when northeast monsoon travels towards
coastal mountain ranges in Vietnam, Malaysia and the east coast of the Philippines, has resulted in a
maximum rainfall in Peninsular Malaysia during the DJF. Furthermore, the cold surge vortices from the
Philippine area and Borneo have also contributed in bringing a maximum rainfall in Peninsular
Malaysia (Chen et al. 2013). In general, During SON and DIJF, the extreme rainfall intensity in the
western Peninsula was recorded with a lower value, particularly in DJF.

Fig. 4 shows the seasonal variability of the extreme rainfall intensity during 1971-2007. An
increasing trend was found in the west central areas during the MAM (Fig. 4a) and SON (Fig. 4c)
seasons. There are four (JHL, AP, PTL, SL) and two ( BN, JHL) stations’ values achieving statistically
significant level (p=0.1) during MAM and SON, respectively. On the other hand, a statistically
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significant decreasing trend was observed in JN, which is located at northern areas during SON. During
DIJF (Fig. 4d), the stations SL, CC, and JB in southern region of Peninsula were recorded with an
increasing trend of extreme rainfall. Nonetheless, the MG station had showed a statistically significant
reversed trend. Lastly, there was no obvious different in the spatial pattern of extreme rainfall during

JJA seasons (Fig. 4b).

-
ERF_DJF (mm)

Fig. 4 The trend and average extreme rainfall intensity from 1971 to 2007 in Peninsular Malaysia
during the (a) MAM, (b) JJA, (c) SON, and (d) DJF. The plus sign represents the increase trend,
and the decrease trend is marked by the minus sign. Solid plus/minus indicates the statistical
significance at the p=<0.1 level, and the open plus/minus represents the statistical significance

at the p=0.1 level.
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2. Generalized extreme value (GEV) distribution

(1) Estimates parameters of the GEV distribution

In this study, both MLE and LM parameter estimations were used to derive the GEV distribution on
the annual and seasonal maximum rainfall. In addition, the two sample K-S test was used to serve as a fit
test to compare the sample distribution function and the empirical distribution function from different
parameter estimations

Based on the result of K-S test (Table 2), all of the stations failed to reject null hypothesis under 0.05
confidence level except the station of ED in MAM months and BN in DJF seasons under the method of
LM estimation. Based on the Kolmogorov-Smirnov statistic value, the MLE was identified as the best
fitness estimation method for the GEV distribution during the 1971-2008 periods. Approximately 82% of
the total stations achieved the best fitness parameter estimation based on the MLE. Furthermore, a similar
finding was found in JJA and SON seasons, in which approximately 82% and 86% of the total stations
achieved best fitness parameter estimation, respectively. For the MAM and DJF months, the best MLE
estimate was found in 59% of the total stations in MAM and 55% of the total stations in DJF; while the
best LM estimate was found in 41% and 45% of the total stations in MAM and DIJF, respectively. A
similar result was shown in Fig. 5 based on a different goodness-of-fit test, the Q-Q plot. As mentioned
previously, in general, the MLE method of parameter estimation gave more reliable result than the LM

method for GEV distribution in this study.

Table 2 The comparison of the results of MLE and LM estimators in this study. When H; : h=1, null
hypothesis rejected; when H, : h=0, null hypothesis failed to be rejected.

Time hypothesis Best MLE estimates Best LM estimates
HI : h=1 0% 0%
Year ' (0 stations) (0 stations)
HO * h=0 82% 18%
' (18 stations) (4 stations)
HI : h=1 0% >%
MAM ' (0 stations) (1 stations)
HO : h=0 59 % 41%
' (13 stations) (9 stations)
HI : h=1 0% 0%
1IA ' (0 stations) (0 stations)
HO : h=0 82% 18%
' stations stations
18 ) 4
HI1 : h=1 0% 0%
' stations stations
SON 0 0
HO : h=0 86% 14%
' stations stations
19 ) 3
HI1 : h=1 0% S
' stations stations
DIJF 0 !
HO : h=0 55% 45%

(12 stations) (10 stations)
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Fig. 5 The Q-Q plot of the observed value and the GEV distribution theoretical value of MLE and LM
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(2) Return period estimates

The best fitness parameter estimation was used to estimate the return levels of the extreme rainfall
for the return periods of 50-year and 100-year. According to the return level estimate, the extreme
rainfall was greater in the 50-year return level in the majority of the stations of Peninsular Malaysia
during 1971-2007. Further, six stations, the AST, STW, TIT, GB, MG, and JB stations, which are located
in the west Peninsular Malaysia, was recorded to have a higher than 100-year return level estimates.
Seasonally, the rainfall stations with extreme rainfall during the JJA months that had more than 100-year
return level were found in the west region except for the DG station. For DJF, more than half of the
stations were experiencing 100-year return level estimates. Moreover, the extreme rainfall events that
were higher than a 100-year return level were recorded in approximately 32% and 36% of the total
stations during the MAM and SON seasons, respectively.

Shown in the Fig. 6a, is the spatial variation of annual extreme rainfall intensity under 50-year and
100-year return periods. The eastern part of Peninsular Malaysia was found to have a maximum rainfall
with more than 600 mm day' in the 50-year return period and was higher than 700 mm day™ under
100-year return period. The maximum rainfall values were found to be gradually decreased from the
castern area to the west central part. A lower than 160 mm day™ of maximum rainfall was found at the
west central part of Peninsular Malaysia under 50-year and 100-year return periods.

Seasonally, a higher than 200 mm day™ and 250 mm day™' of maximum rainfall values were found
in eastern part under 50-year and 100-year return periods, respectively. On the other hand, the areas that
received lower than 130 mm day’ of extreme rainfall values were located in inland and southwest
coastal areas during the MAM months (Fig. 6b). In JJA (Fig. 6¢), for the 50-year return period, we
found a maximum estimate values of > 220 mm day™ and it increased to 270 mm day™ at 100-year
return period in southeast part. Secondly, the northwest part of Peninsular Malaysia was recorded to
have extreme rainfall events between 131-190 mm day™ at 50-year return period and it increased to 220
mm day” under 100-year return period. As shown in Fig. 6d, the eastern part of Peninsular Malaysia
was recorded to have the highest rainfall value of >400 mm day™ and a large station of southwest area
was found with a minimum value of <140 mm day™ at 50-year return period in SON. For the 100-year
return period, the maximum rainfall was recorded to be 560 mm day’ in eastern region and the
southwest part, and these regions have showed little change of the maximum rainfall values during the
autumn season. For DJF, as shown in Fig. 6e, the maximum rainfall with more than 480 mm day™ was
recorded in the southeast region at 50-year return period and >600 mm day™ at 100-year return period.
In the meantime, the minimum rainfall of 80-200 mm day” was found in other regions of Peninsular
Malaysia either at 50-year or at 100-year return period.

In general, the return level estimate of extreme rainfall between the western and eastern parts of
Peninsular Malaysia was evidently different. The scale variations of the return level registered in the
eastern part were greater than that of the western region, particularly during the SON and the DJF

seasons. In the other hands, the observed rainfall record in the western part had readily exceeded the
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100-year return level estimation. These results showed that we might have difficulties in estimating the
extreme rainfall event in the western part of Peninsular Malaysia through the GEV distribution model.
This has suggested a limitation on the use of GEV distribution, although it has been a best method in
goodness-of-fit test. In another point of view, the results might also imply that there was a shift of

spatial distribution of the tendency of extreme rainfall in recent years.
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Summary and conclusions

In this study, we have analyzed the extreme rainfall events in Peninsular Malaysia based on data
collected from a total of 22 rainfall stations provided by the Department of Irrigation and Drainage
Malaysia from the period of 1971-2007. The annual and seasonal daily maximum rainfall values were
applied in the extreme rainfall analysis. The GEV distribution of the extreme rainfall was used to
calculate the return value. For the parameter estimations, the MLE and LM estimations were used to
derive the GEV distribution. MLE is suggested to be the best estimation in this study based on the result
of K-S test and Q-Q plot.

In general, the highest extreme rainfall intensity was recorded in the eastern part of Peninsula
during 1971-2007, while the lowest extreme rainfall intensity was found in west central areas. Besides,
our study suggests that there is a positive trend of extreme rainfall intensity at west central region in
recent year. These results would contribute to the prediction of extreme flooding events in the future.
Seasonally, the highest amount of rainfall was recorded at PN in northern part during MAM and JJA.
While, during the SON and DJF, the highest rainfall amount was recorded at the stations DG and ED,
respectively. However, the lowest extreme rainfall intensity across different seasons, except DJF, was
documented in JHL. Based on the results from seasonal analysis, we suggest that there is a possibility of
flood disaster affecting the west central areas during the MAM and SON, while the northern part of
Peninsula will probably suffered from the drought during SON.

The best fitness parameter estimation was used in this study to estimate the return levels for the
return periods of 50-year and 100-year. We are aware that there is an apparent difference between the
western and eastern part of Peninsular Malaysia in terms of the scale variations of the return level, in
which the eastern part was greater than the western region. In the other hand, the observed rainfall level
in the western region had readily exceeded the 100-year return level estimation. Our results highlight a
limitation on the use of GEV distribution to estimate the return levels of extreme rainfall in the western
part of Peninsular Malaysia, although it seems to be the best method from the goodness-of-fit test.
Based on the result of the extreme rainfall tendency, it is suggested that there is a shift of spatial

distribution of extreme rainfall tendency in recent years.
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