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The coastlines have been identified as the most vulnerable regions with respect to hydrological hazards
as a result of climate change and variability. The east of peninsular Malaysia is not an exception for this,
considering the evidence of heavy rainfall resulting in floods as an annual phenomenon and also water
scarcity due to long dry spells in the region. This study examines recent trends in rainfall and rainfall-
related extremes such as, maximum daily rainfall, number of rainy days, average rainfall intensity, heavy
rainfall days, extreme rainfall days, and precipitation concentration index in the east coast of peninsular
Malaysia. Recent 40 years (1971-2010) rainfall records from 54 stations along the east coast of peninsular
Malaysia have been analyzed using the non-parametric Mann—Kendall test and the Sen’s slope method.
The Monte Carlo simulation technique has been used to determine the field significance of the regional
trends. The results showed that there was a substantial increase in the annual rainfall as well as the
rainfall during the monsoon period. Also, there was an increase in the number of heavy rainfall days

during the past four decades.

1. Introduction

Climate is a dynamic phenomenon, which changes
over time and space. Climate in southeast Asia is
changing due to global warming both on global
and regional scales (Manton et al. 2001; Deni
et al. 2009; Suhaila and Jemain 2009; Zawiah et al.
2010; Ercan et al. 2012; Hassan et al. 2013; Lacombe
et al. 2013; Lin et al. 2013; Pour et al. 2014). Climate
change is likely to cause sharp increases in temper-
ature, which in turn is likely to affect evapotran-
spiration and atmospheric water storage, thereby
potentially changing the magnitudes, frequencies
and intensities of rainfall as well as its seasonal and
inter-annual variabilities and geographical distribu-
tions (Wang et al. 2014). Therefore, future climate

changes may involve modifications in climatic vari-
ability as well as changes in averages (Shahid 2011).
The implications of these changes are particularly
significant for areas that are already under stress
such as the coastal regions of southeast Asia, which
is very sensitive to rainfall characteristics due to
its geographical position in the equatorial belt and
prominent diurnal variability in rainfall in addition
to the topographical interactions (Oki and Musiake
1994; Chang and Kwon 2007). Small changes in
the mean and variance due to climate change can
produce relatively large changes in the probability
of extreme events (Su et al. 2006). As the pri-
mary impacts of climate change on society results
from extreme events (Rodrigo 2002), it might have
severe negative consequences in already stressed
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coastal regions. Therefore, an understanding of
the ongoing changes in climate and climate-related
extremes is of central importance for adopting
adaptation measures to mitigate negative impacts
of climate change (Tangang et al. 2012).

Though Malaysia is considered to be one of the
less prone regions to natural disasters, it is antici-
pated that increasing trends in climate-related ex-
tremes may make the country more vulnerable to
climate change and natural disasters (Wong et al.
2009; Toriman et al. 2009; Deni et al. 2010; Suhaila
et al. 2010). The geographic distribution of climate
change vulnerability is not uniform over the entire
country, i.e., the east coast of peninsular Malaysia
is more vulnerable to climate change than the west
(Yusuf and Francisco 2009). Floods triggered by
heavy rainfall has become almost an every year
phenomena in the east coast states of peninsular
Malaysia (Lim and Samah 2004; MMD 2009).
Water scarcity due to prolonged dry spells is also
felt in the upper part of east coast region. It has
been projected that annual rainfall in the east
coast of Malaysia will be more variable by the
end of this century (NAHRIM 2006). It is anti-
cipated that variability in inter-annual and inter-
seasonal rainfall due to climate change will cause
more hydrologic extremes in the east coast of
peninsular Malaysia and make the livelihood and
infrastructure more vulnerable.

A number of recent studies have addressed his-
torical change in the climate and climate-related
extremes in Malaysia (Wong et al. 2009; Toriman
et al. 2009; Deni et al. 2010; Suhaila et al. 2010).
All these studies analysed rainfall-related extremes
based on only a few stations to infer the changes
in climate. However, no study has been carried out
so far focusing east coast of peninsular Malaysia
which is the most vulnerable climate change zone
in Malaysia.

In the present study, recent 40 years (1971-2010)
rainfall data collected from 54 stations located
along the east coast of Malaysia has been ana-
lyzed using non-parametric statistical methods to
determine the recent trends in rainfall, and various
rainfall-related extremes such as rainfall inten-
sity, total wet days, monsoon rainfall consecutive
dry days, low rainfall days, consecutive wet days,
cumulative 5-day precipitation total, maximum 1-
day rainfall, maximum 5-day rainfall, high rainfall
day, extreme rainfall day and precipitation con-
centration index (PCI). Mann—Kendall test (Mann
1945; Kendall 1975) is used to detect the trend
and the Sen’s slope method (Sen 1968) is used to
determine the magnitude of change in rainfall time
series. The Monte Carlo simulation technique is
used to determine the significance of the regional
trend pattern (Serra et al. 2006). A complete anal-
ysis of climate events requires analysis of both their
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spatial and temporal extent (Shahid and Khairul-
maini 2009; Shahid 2010a). Climatic investigation
over a large area requires assimilation of informa-
tion from many sites each with a unique geographic
location. Geographical Information System (GIS)
maintains the spatial location of sampling points,
and provides tools to relate the sampling data con-
tained through a relational database (Shahid et al.
2000). In the present paper, GIS is used to ana-
lyze the spatial variation in the trends of rainfall
and rainfall-related extremes. Implications from
this study will help to understand possible changes
in rainfall in order to take policy measures to
adapt with the changing pattern of climate in the
region.

2. Materials and methods

2.1 Climate of the east coast of peninsular
Malaysia

The map of the study area in peninsular Malaysia,
encompassing the region 1°-7°N and 100°-103°E,
is shown in figure 1. The east coast of peninsular
Malaysia has a tropical climate characterized by
uniform high temperature, high humidity and copi-
ous rainfall. The climate of the area can be loosely
divided into four seasons:

® the north—east monsoon from December to
March,

® a transitional period from April to May,

® the south—west monsoon from June to Septem-
ber, and

® a transitional period from October to November.
Heaviest rain spells are usually observed during
the northeast monsoon season (Pour et al. 2014).

On the other hand, months of June and July
during southwest monsoon are the driest period.
Substantial rainfall also occurs in the transitional
periods that usually occur in April and October,
between the monsoon seasons (Suhaila and Jemain
2007). The east coast of peninsular Malaysia has
uniform temperature throughout the year. The
annual variation is less than 2°C around the mean
temperature of 27°C (Suhaila et al. 2008).

2.2 Data and methodology

Forty-year (1971-2010) daily rainfall records from
54 stations, collected from the Department of Irri-
gation and Drainage (DID) of Malaysia, are used
in this study. The locations of these stations are
shown in figure 2. It is often a major problem to
work rainfall records of Malaysia due to missing
data. Therefore, out of more than hundred rainfall
stations, data from only 54 stations that have fewer
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Figure 1. Location of the study area in the map of peninsular Malaysia.

amounts of missing data are used in the present
study. Amount of missing data in the stations
under study is found to be less than 2% in all sta-
tions. If more than three missing data is found in
a month, the data of that year is discarded for
analysis. Otherwise, missing data are filled with
rainfall of nearest stations using expectation max-
imization (EM) algorithm (Dempster et al. 1977,
Alamgir et al. 2015).

Data quality control is a necessary step before
the calculation of indices because erroneous out-
liers can seriously impact the indices calculation
and their trends (You et al. 2008; Shahid et al.
2015). A number of data checks is carried out to
ensure the quality control of datasets such as nega-
tive precipitation values, more than 30 consecutive
dry days during monsoon, etc. Histograms are gen-
erated to see if there are problems associated with
the dataset. This histogram analysis showed that
there is no apparent problem associated with data
from any station used in this study.

To detect the inhomogenities in the data series,
both subjective double mass curve method and the

objective Student t-test are applied. The cumula-
tive rainfall of a station is plotted against the aver-
age cumulative rainfall of 54 stations over the area
to show the double mass curve. The double mass
curves of all stations display almost a straight line
which represents the data homogeneity. Running
Student’s t-test is also used to test the difference in
the means between two segments of a data set to
insure homogeneity in data. It has been found that
differences between the subset series are not sig-
nificant at 95% level of confidence at any station.
Therefore, it is clear that there is no statistically
significant variation or break point existing in the
rainfall time series in any of the 54 stations. A total
of eleven rainfall-related extreme indices are com-
puted. Description of the indices is given in table 1.
Some indices are based on threshold defined as per-
centiles. The percentiles are calculated from the
reference period 1971-2000.

In the present study, the non-parametric Mann—
Kendall trend test (Mann 1945; Kendall 1975) is
used to analyze the trends of rainfall and rainfall
extremes. The Mann—Kendall test has proven to
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be useful in determining the possible existence of
statistically significant trends at different proba-
bility levels (Shahid 2010a). In the present study,

A\ Rainfall Station

Scale (km)
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Figure 2. Location of rainfall stations in the east coast of
peninsular Malaysia.

Table 1. Definition of precipitation indices used in the study.
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confidence levels of 90%, 95%, and 99% are taken
as thresholds to classify the significance of posi-
tive and negative trends. The Sen’s slope method
(Sen 1968) is used to estimate the magnitude of
change of the events. The Monte Carlo simulation
technique is used to determine the significance of
the regional trend pattern (Serra et al. 2006). The
methods used in the present study are discussed
below.

2.2.1 Mann—Kendall trend test

In Mann-Kendall test (Mann 1945; Kendall 1975),
the data is evaluated as an ordered time series.
Each data point is compared against all its sub-
sequent points. The initial value of the Mann—
Kendall statistic, S, is assumed to be zero (e.g.,
no trend). S is incremented (decremented) by 1, if
the data from a later (earlier) time period is larger
than from an earlier (later) time period. The net
result of all such increments and decrements yields
the final value of S. If x1, x5, x3, ..., x; represent
n data points where x; represents the data point
at time j, then S is given by:

S = i Z sign(z; — xy), (1)

k=1 j=k+1
where

1 if (z;—a) >0
0 if (z; —xy) =0.
-1 if (z; —x,) <0

sign(x; — xy) = {

The probability associated with S and the sample
size, n, are then computed to statistically quan-
tify the significance of the trend. Normalized test
statistic Z is computed as follows:

5-1 .
NG ifr S >0

7 = 0  ifS=0 (2)
S—1 if S <0

+/VAR(S)

Index Descriptive name Unit
RI Average rainfall on wet days in a year mm/day
TWD Total number of rainy days (rainfall > 0) in a year day
CDD Maximum number of consecutive dry days (rainfall = 0) in a year day
CDR < 1 Maximum number of consecutive low rainfall days (rainfall < 1) in a year day
CWD Maximum number of consecutive wet days (rainfall > 0) in a year day
C5DPT Cumulative 5-day precipitation total mm
Max1DR Maximum 1-day rainfall amount in a year mm
M5DR Maximum 5-day rainfall amount in a year mm
Rain > 20 mm Total number of days in a year with rainfall > 20 mm day
Rain > 95 pctl Annual total rainfall when rainfall > 95th percentile of 1971-2010 daily rainfall day
PCI Precipitation concentration index %
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At 99% significance level, the null hypothesis of no
trend is rejected if |Z] > 2.575; at 95% significance
level, the null hypothesis of no trend is rejected if
|Z] > 1.96; and at 95% significance level, the null
hypothesis of no trend is rejected if |Z] > 1.645.
More details of Mann-Kendall test can be found in
Sneyers (1990).

2.2.2 Sen’s slope estimator

Some trends may not be evaluated to be statisti-
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2007). Even if climate change component is present,
it may not be detected by statistical tests at a
satisfactory significance level (Radziejewski and
Kundzewicz 2004). Therefore, a linear trend analy-
sis is also carried out and the magnitude of trend is
estimated by Sen’s slope method (Sen 1968). Sen’s
slope method gives a robust estimation of trend
(Yue et al. 2002). The method requires a time series
of equally spaced data. The method proceeds by
calculating the slope as a change in measurement
per change in time,

cally significant, while they might be of practical Q = Ty — Ty (3)
interest (Yue and Hashino 2003; Basistha et al. -t
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Figure 3. The time series of average (a) annual and (b) NE monsoon rainfalls in the study area for the period 1971-2010.

Table 2. Trends in annual and monsoon rainfalls in the east coast of peninsular Malaysia.

Stations with

Stations with

Average significant trends no significant trends
Rainfall trend p = 0.01 p = 0.05 p=0.1 Increasing Decreasing
Annual 12.82%* - 8 43 3 -
NE monsoon 2.76+ — 3 5 44 2

*p = 0.05; + p = 0.1.
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where Q' is the slope between data points z, and x,
x 1s the data measurement at time ¢’ and x; is the
data measurement at time t.

Sen’s estimator of slope is simply given by the
median slope,

if N is odd,

(v A
Qi(n12)/2)/2 i N is even

Q:{@Wﬂ+

where N is the number of calculated slopes.

(4)

2.2.3 Monte Carlo simulation for field significance

Monte Carlo simulation allows an assessment of
whether trends have occurred by chance and it

(a)

Trend in annual rainfall
0 Increasing, not significant
I Increasing, at p=0.1
Bl Increasing, at p=0.05

0 40 80
e Kilometers
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is especially appropriate when spatial correlation
between time series exists. Monte Carlo simulations
have been used widely to detect field significant
trends (Chu and Wang 1997; Zhang et al. 2004;
Serra et al. 2006; Shahid et al. 2012).

Time series of rainfall and rainfall-related
extremes at each station are concurrently shuffled
using a random number generator and linear
regression slope is estimated at each station. The
total number of stations showing significance at
the 90% confidence level is counted and denoted
as N! . where the superscript ¢ denotes the ith
trial and the subscript mc denotes the Monte Carlo
experiments. The procedure is repeated thousand
times. The field is considered to be significant at

(b)

Trend in monsoon rainfall
Decreasing, not significant

[ Increasing, not significant

I Increasing, at p=0.1

Bl Increasing, at p=0.05

0 40 80
O — e Kilometers

Figure 4. Spatial pattern in average (a) annual rainfall and (b) NE monsoon rainfall.

Table 3. Trends in extreme rainfall events in the east coast of peninsular Malaysia.

Stations with

Stations with

Average significant trends no significant trends
Index trend p = 0.01 p = 0.05 p=0.1 Increasing Decreasing
RI 0.023 — 4 8 28 14
TWD 0.403+ — 16 6 25 7
CDD —0.26 — 3 2 12 37
CDR < 1 —0.28 - - 3 10 41
CWD —0.05 — — — 28 26
Rain > 20 mm 0.15+ — 4 2 47 1
Rain > 95 pctl 0.095+ - 8 12 24 10

*p = 0.05; + p = 0.1.
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the 90% level when N exceeds N/ ., where N
is the 90th percentile of a locally significant trend

from 1000 trials.

2.2.4 Spatial interpolation

For the mapping of spatial pattern of trends from
point data Kriging interpolation method is used.
Geostatistical analysis tool of ArcMapl0.1 is used
for this purpose. Kriging is a stochastic interpola-
tion method (Isaaks and Srivastava 1989), which is
widely recognized as the standard approach for
surface interpolation based on scalar measurements
at different points. Studies show that Kriging
gives better global predictions than other methods
(van Beers and Kleijnen 2004; Ahmed et al. 2014).
Kriging is an optimal surface interpolation method
based on spatially dependent variance, which is
generally expressed as semi-variogram. Surface in-
terpolation using kriging depends on the selected
semi-variogram model and the semi-variogram must
be fitted with a mathematical function or model.
Depending on the shape of semi-variograms, differ-
ent models are used in the present study for their
fitting.

3. Results

For the analysis of trends of rainfall and rainfall-
related extremes in the east coast of peninsular
Malaysia, the regional trends over the whole area
is carried out. Furthermore, the trends in the rain-
fall and rainfall-related extremes are calculated at
each station and used to prepare the corresponding
maps to show the distribution of trends. Details of
the results are given below.

3.1 Trends in rainfall

Annual and northeast monsoon rainfall recorded at
different stations is averaged to show the changes
of annual and monsoon rainfall over the study
area. A graph of average annual and monsoon rain-
fall in the study area over the time period 1971-
2010 is shown in figure 3(a and b), respectively.
Field significance of the regional trends in annual
and monsoon rainfall in the study area estimated
using the Monte Carlo method are given in table 2.
The numbers in the table denote the magnitude
to change obtained using the Sen’s slope method.
The significance of change is marked by the symbol
besides the number.

It can be seen from table 2 and figure 3 that
annual rainfall in the study area has increased at a
rate of 12.8 mm/year in last 40 years. The increase
is significant at 95% level of confidence. The NE
monsoon rainfall in the study area is found to have
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increased at a rate of 2.7 mm per year. The increase
is found to be significant at 90% level of confidence.

Trends in annual and monsoon rainfall at each
station are also shown in table 2. Results showed
that annual rainfall has changed significantly at
51 or 94% stations. The increase is not significant
only at 3 stations out of total 54 stations. Mon-
soon rainfall is found to increase significantly (not
significantly) at 8 (44) stations.

Trends at each station are interpolated to map
the spatial pattern of rainfall. Figure 4(a and b)
shows the spatial pattern of annual and monsoon
rainfall trends in the study area, respectively. It can
be seen from figure 4(a) that annual rainfall is in-
creasing significantly at 90% level of confidence along
the coast line, while it is increasing at 95% level of
confidence over the inland areas of the east coast of
peninsular Malaysia. Figure 4(b) shows that there
is no significant change in monsoon rainfall. Tt is
found that monsoon rainfall has increased signifi-
cantly only in the inner part of the coastal zone.

3.2 Trends in extreme rainfall events

Field significance of regional trends in extreme
rainfall indices in the study area are given in

Trend in rainfall intensity
Decreasing, not significant
Increasing, not significant

I Increasing, at p=0.1

B Increasing, at p=0.05

kilometers
[ = = a——
0 40 80

Figure 5. Spatial pattern in rainfall intensity.
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table 3. Trends in extreme rainfall indices are
also calculated at each station and interpolated
to map the spatial distribution of trends in rain-
fall extremes. Trends in extreme rainfall indices in
the east coast of peninsular Malaysia are discussed
below in detail.

3.2.1 Rainfall intensity

Regional trend in average rainfall intensity is found
non-significant (table 3) in the study area. Out of
54 stations, rainfall intensity is found to increase
only at 12 stations. Spatial pattern in the trends of
rainfall intensity is shown in figure 5. Result shows
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that rainfall intensity has increased significantly
only in the lower part of the study area. However,
overall there is no significant change in average
rainfall intensity in the study area.

3.2.2 Wet days

Total number of wet days in a year recorded at
different stations is averaged to show the changes
of total wet days in the study. The graph of aver-
age total wet days over the study area for the
period 1971-2010 is shown in figure 6. The figure
shows that the total number of wet days in the
study area has increased at a rate of approximately
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Figure 6. The time series (1971-2010) of annual total wet days in the study area.
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Figure 7. Spatial pattern in (a) total wet days and (b) consecutive wet days in the study area.
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4 days/decade in the last 40 years. Field significance
of regional trend in wet days showed that it has
increased significantly at 90% level of confidence in
the study area (table 3). Out of 54 stations, the
number of wet days in a year is found to increase
significantly at 22 or 40% of the stations. Spatial
pattern in number of wet days is shown in figure
7(a). The figure shows that number of wet days has
increased significantly only in the upper part of the
east coast of peninsular Malaysia.

Field significance of the regional trend in consec-
utive wet days in the study area (table 3) reveal
no significant change in number of consecutive wet
days in the study area. Spatial pattern in the
trends of consecutive wet days in the study area is
shown in figure 7(b). The figure shows no signifi-
cant change in consecutive wet days in parts of the
study area.

3.2.3 Dry days

Maximum consecutive dry and low rainfall days
recorded at different stations is averaged to show
the changes of consecutive dry days in the study.
The graphs of average consecutive dry days and
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consecutive low rainfall days over the time period
1971-2010 are shown in figure 8(a and b), respec-
tively. Consecutive dry days in the study area is
found to decrease at a rate of 2.6 days per decade
in last 40 years. On the other hand, consecutive
low rainfall days in the study area are found to
decrease at a rate of 2.8 days per decade in last 40
years. However, the field significance of the regional
trend showed no significant change in any of those
indices in the study area. Trends in consecutive dry
and low rainfall days in all stations are also com-
puted and interpolated to understand their spatial
pattern in the study area. Results show that con-
secutive dry and low rainfall days have decreased
only in a pocket in the upper part of the study area
(figure 9a and b).

3.2.4 Heavy and extreme rainfall days

Total number of days in a year with rainfall >20
mm (heavy rainfall days) in the study area is shown
in figure 10. The figure shows that heavy rainfall
days in the study area has increased by 1.5 days
per decade over the time period 1971-2010. Field
significance of the regional trend of heavy rainfall

Y =-0.26X + 37.051

|

Y =-0.28X + 39.939

1989
1992
1995
1998
2001
2004
2007
2010

1989
1992
1995
1998
2001
2004
2007
2010

Figure 8. Trends in average (a) consecutive dry days and (b) low rainfall days in the study area over the time period

1971-2010.
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days (table 3) shows that number of heavy rainfall
days in the study area has increased significantly
at 90% level of confidence.

Spatial pattern in heavy rainfall days in the
study area is shown in figure 11(a). The figure
shows that heavy rainfall days in the study area
has increased significantly in inland area of the east
coast of peninsular Malaysia.

Regional trends in number of days with rainfall
more than 95 percentile rainfall over the base
period (1971-2000) (extreme rainfall events) show
that it is increasing significantly in the study area
(table 3). Extreme rainfall events are found to

(@)

Trend in consecutive dry days

Decreasing at p=0.05

Decreasing at p=0.1

Decreasing, not significant
[ Increasing, not significant

A

0 40 80
O — L Ometers

Q
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increase significantly at 20 out of 54 stations in the
region. Spatial pattern in heavy rainfall events in
the study area (figure 11b) shows that heavy rain-
fall in few spots are sporadically distributed over
the study area.

4. Discussion

The results that have emerged from this study
show that rainfall amounts and rainfall-related
extremes have increased in the east coast of penin-
sular Malaysia over the last four decades. In the

(b)

Trend in low rainfall days

Decreasing at p=0.1
Decreasing, not significant
[ Increasing, not significant

0 40 80
e —ometers

Figure 9. Spatial pattern in (a) consecutive dry days and (b) consecutive low rainfall days.
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Figure 10. The trends in number of heavy rainfall events in all years.



Trends in rainfall in the east coast of peninsular Malaysia

case of rainfall total, both the annual and monsoon
rainfall have found to show an increase in the study
region. The results also show that increased rain-
fall total is associated with the increase of number
of total wet days in a year. However, number of
extreme rainfall events like rainfall intensity, con-
secutive wet or dry days is not found to change
significantly in the region. Therefore, it can be
remarked that rainfall in the region is now more
evenly distributed throughout the years. However,
rapid changes in mean annual rainfall can cause
changes in the extreme events. The study also
reveals that the heavy rain events in the region
have increased over the last 40 years. It has been
projected by various models that rainfall will con-
tinue to increase, which will cause further increase
of heavy rainfall events in the east coast of peninsu-
lar Malaysia (NAHRIM 2006; Shaaban et al. 2008;
MMD 2009). Increased number of heavy rainfall
events can increase the frequency of floods in the
study area.

The result of the present study is consistent with
the climate projected by other researchers using
climate models. A number of studies have been car-
ried out by different organizations to project cli-
mate in Malaysia (NAHRIM 2006; Wan Azli et al.
2008; MMD 2009; Shaaban et al. 2012). NAHRIM
(2006) projected a substantial increase in mean
monthly rainfall over the east coastal region. The

(@)

Trend in high rainfall days

Decreasing, not significant
" Increasing, not significant
I Increasing at p=0.1
MM Increasing at p=0.05

0 40 80
O —— ometers

(b)
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maximum increase is projected by 11%-43% in
upper and lower parts of east coast from the base
years (1961-1990) (MMD 2009; Shaaban et al.
2012). High variability in inter-annual and inter-
seasonal rainfalls and river discharge is pro-
jected in the area by climate models (NAHRIM
2006; Shaaban et al. 2008, 2012). According to
NAHRIM (2006), increasing trends in number of
extreme indices such as number of days are with
extreme rainfall, number of days with extreme
wind, and number of thunderstorm days are found
to increase in the region. It has also been projected
that there will be significant increase in the overall
mean monthly streamflow in the watersheds of east
coast and the high flow conditions will be magni-
fied during the wet months (Shaaban et al. 2008).
Therefore, the projections indicate more frequent
hydrologic extremes such as floods in the east coast
of Malaysia.

The future projections of climate by means
of Global Climate Models (GCMs) revealed that
annual rainfall and few rainfall-related events will
continue to increase in the east coast of penin-
sular Malaysia (NAHRIM 2006). The impact of
these changes will be diverse from natural disaster
to public health. As the economic activities in most
of the southeast Asian countries concentrate in the
coastal zones, implication of changing rainfall and
extremes will certainly be very severe. Most of the

Trend in exterem rainfall days

Decreasing, not significant
" Increasing, not significant
I Increasing at p=0.1
MM Increasing at p=0.05

0 40 80
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Figure 11. Spatial patterns in (a) heavy rainfall days and (b) extreme rainfall days in all years.
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areas of east coast are low-lying areas that are less
than 0.5 m above the highest tide or are within
100 m inland of the high-water mark (DID 2011).
Therefore, the region is highly vulnerable to sea
level rise. National coastal erosion study revealed
that about 29% coastline of Malaysia is facing
erosion (DID 2011). Therefore, climate change
induced rainfall extremes will certainly aggravate
the coastal environment. A study by Shaffril et al.
(2011) reported that climate change will reduce the
quantity and quality of the sea faunas which will
affect productivity in marine resources and expose
coastal population to diseases. Begum et al. (2011)
and Vaghefi et al. (2011) came to a similar con-
clusion while assessing climate change impacts in
Malaysia.

Increased rainfall and heavy rainfall events may
cause congestion in the sewage system. Increased
heavy precipitation events may increase the recur-
rence of flood which is already a major problem
in the region. Outbreaks of water-borne diarrhoeal
diseases associated with heavy rainfall events are
likely to become more frequent in the region. Dis-
eases like cholera and diarrhoea which are posi-
tively correlated with the rainfall amount (Shahid
2010b) may also spread with greater intensity. Sig-
nificant increase of heavy rainfall events and rain-
fall intensity may trigger more landslides in the
region in future. It may also cause more water pen-
etration through exterior walls (Liso et al. 2003)
and tend the external building materials (Ahmad
1994) leading to structural damage.

5. Conclusion

A study has been carried out in this paper to
show the effect of climate variability and changes
in rainfall trends in the east coast of peninsu-
lar Malaysia. Non-parametric Mann—Kendall test
is used to detect the trend and the Sen’s slope
method is used to determine the magnitude of
change in rainfall time series. The Monte Carlo
simulation technique is used to determine the sig-
nificance of the regional trend pattern. Finally, GIS
is used to analyze the spatial variation in the trends
of rainfall and rainfall-related extremes. Based on
the results generated from the analysis of the rain-
fall data of 54 rainfall stations distributed over the
east coast, it can be deduced that the annual and
NE monsoon rainfall have increased in the study
area over the years. Increase in total number of wet
days in a year along with the increase of annual
rainfall indicates that rainfall in the region becomes
more evenly distributed over the year. Few rainfall-
related extremes like days with rainfall more than
20 mm, days having rainfall more than 95% over
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the climatic base period and average rainfall inten-
sity are also found to increase over the east coast
of peninsular Malaysia. The economic activities in
most of the southeast Asian countries concentrate
in the coastal zones. Therefore, implication of these
changes will certainly be very diverse and severe
in east coast of peninsular Malaysia. It is expected
that this study will aid guidance to the under-
standing of the ongoing changes as well as possible
changes in rainfall and rainfall-related extremes in
the study area, which in turn will help in adopt-
ing necessary adaptation measures to mitigate the
negative impacts of climate change in the already
stressed east coastal region of peninsular Malaysia.
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