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ABSTRACT

The spatio-temporal distribution of rainfall and the corresponding inter-event dry period separating
two rainfalls play a major role in the planning and management of water resources of a country.
Knowledge of the distribution of inter-event dry period is necessary in storm water management related
to designs of best management practices such as detention and retention ponds. In this paper, we aim
to explore the characteristics of inter-event dry period for Peninsular Malaysia using long term hourly
rainfall data. The data covering a period of 10 to 22 years were collected from 12 stations spread
across the peninsular. The data were discretized into individual rainfall events using 2 hour separation
time and its statistics were analyzed. Result of inter-event dry period indicates that rainfall frequency
ranges between 133 events at Kota-Bahru to 260 events per annum at Kedah. Rainfall occurs over
the peninsular, on the average, once in every two days. The distribution of mean inter-event dry period
shows that Kota-Bahru and Segamat have the highest mean dry period while Kedah, Penang, Kuala
Lumpur and Mersin recorded the lowest. Goodness-of-fit test ranking indicates that all the models
selected can be used to describe the hourly inter-event dry period. However, generalized-pareto and
Log-normal distributions are found to be the most preferable.  
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Introduction

Knowledge of the spatial and temporal distribution of rainfall plays a vital role in water resources
planning of a country. Numerous researches have been conducted to model the distribution of rainfall
in various parts of the world. The result of such studies have been found to be useful in decision
making related to the planning and management of the water resources of the countries involved.
Statistical distributions are being used to model the long term characteristics of rainfall parameters and
knowledge of the distribution of wet and dry spell plays an important role in this regards. This paper
is aimed to analyze the statistical distribution of dry spell duration for Peninsular Malaysia using hourly
rainfall data.

Previous researches in Peninsular Malaysia mostly focused on the occurrence of the sequence of
wet and dry days using daily rainfall data. The distribution of dry and wet spell was fitted with
probability models namely; mixture of log series distribution, mixture of log series poisons distribution
and mixture of log series geometric distribution. Chi square goodness of fit test was used and result
indicated that the mixture of log series geometric distribution and mixture of log series poisons
distribution showed a better fit (Deni, 2009). In another research, seven theoretical distributions were
fitted to mixture of wet (dry) days and the result indicated that a compound geometric distribution and
the truncated negative binomial distribution were suitable for most of the stations (Deni, 2008).
Similarly, Deni and Jemain (2008) compared mixture of geometric distribution with truncated poisons
distribution alongside five other distributions namely geometric distribution, compound geometric
distribution, geometric log series distribution, log series distribution, modified log series distribution and
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truncated negative binomial distribution for modeling the sequence of wet days in Peninsular Malaysia.
The result showed that all the data fits the mixture of geometric distribution with truncated poisons
distribution successfully. Also exponential distributions were used to model daily rainfall amount for
Peninsular Malaysia and results indicated that mixture of distributions are better in modeling the daily
rainfall (Suhaila, 2007; Suhaila, 2008). Similarly, log normal, skew normal, and mixed log-normal
distributions were tested for daily rainfall amount and result indicated that mixed log-normal distribution
out-performed the remaining models (Suhaila, 2007) Researches on modeling rainfall characteristics of
Peninsular Malaysia using hourly rainfall data are very scarce. Four candidate distributions, namely,
exponential, gamma, weinbul and mixed exponential were tested from twelve stations in Wilayah
Persekutuan, Malaysia, and it was concluded that the mixed exponential distribution fits better for
hourly rainfall volume in the area (Fadhilah, 2007).

Different forms of statistical distributions have been used in various parts of the world to model
the distribution of rainfall. Esker (2003) used gamma distribution to model the hourly precipitation
across stations in the US; using method of moments for the estimation of parameters. Two parameter
gamma distribution alongside Markov model have been used to describe the distribution of daily rainfall
at two sites in Ghana, and to predict the occurrence of the rainfall in order to develop a rainfall
simulation model (Adiku, 1997). Similarly hourly rainfall data was used in Canada and the US to
model rainfall characteristics and exponential distribution was found to be suitable in most rainfall
stations in these countries (Adams, 2000; Adams, 1986; Guo, 2001; Guo, 2002).  

Materials and methods

2.1. Study Area and Data Collection:

Malaysia’s climate is equatorial, being hot and humid throughout the year. The average temperature
is around 27oC and humidity ranges between 70 to 90%. Two monsoon wind systems influence the
rainfall in the peninsular; the North-east monsoon, from November to March, and the South-west
monsoon, from May to September. The latter brings in more rainfall compared to the former. Rainfall
occurs throughout the year and the average annual rainfall exceeds 2000mm.  

Hourly rainfall data covering a period of 10 to 22 years were collected from 12 locations spread
across the Peninsular Malaysia. The data were examined and missing records were removed. Figure
1 shows the map of Peninsular Malaysia and locations of data collection points.

Different criteria have been used by researchers in determining the value for storm separation time.
In this paper; two hour storm separation time was used as the minimum inter-event time (MIT) to
separate individual rainfall data (Fornis, 2005; Germer, 2006). Rainfall events separated by less than
two hours are merged as single events. Based on the 2hr MIT; the average annual number of events
for Peninsular Malaysia ranges from 133 to 260 events.

2.2. Modeling the Duration of Dry Spell:

Five probability distributions were selected to model the distribution of inter-event dry period. The
distributions were selected based on their suitability in many previous researches related to rainfall
modeling. They are as follows:

Gamma Distribution: 

The two parameter gamma distribution with continuous shape parameter (α), continuous scale
parameter (β) is represented by the PDF given by:
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where г is the gamma function

2.2.2. Generalized Pareto Distribution:

The generalized pareto distribution with continuous shape parameter (k), continuous scale parameter
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(σ), and continuous location parameter (µ) has a PDF given by:
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where

μ < x < + 4 for k > 0

μ < x < μ - σ/k for k < 0

22.3. Exponential Distribution:

The one parameter exponential distribution with scale parameter (λ) is represented by the PDF
given by:

f (x) = λe-λx

where λ > 0

2.2.4. Beta Distribution:

      The PDF of Beta distribution with continuous shape parameters α1 and α2 is given by:
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where B is a Beta function, IZ is the Regularized incomplete beta function, a and b are boundary
parameters (a < b) 

2.2.5. Log-Normal Distribution:

      The PDF of 2 parameter log-normal distribution with continuous parameters σ and µ (σ > 0)
is given by:
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2.3. Kolmogorov-Smirnov Goodness-of-Fit Test:

Kolmogorov-Smirnov goodness of fit test was conducted at 5% significance level. The test is used
to decide if a sample comes from a hypothesized continuous PDF. It is based on the largest vertical
difference between the theoretical and empirical CDF. For a random variable X and sample (x1, x2,
. . . . . . . .xn) the empirical CDF of X (Fx(x)) is given by
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where I (condition) = 1 if true and 0 otherwise. Given two cumulative probability functions Fx and
Fy, the Kolmogorov-Smirnov test statistics (D+ and D-) are given by:

D+ = max (Fx (x) - Fy (x))  (7)
x

D- = max (Fx (x) - Fy (x))  (8)
x

Fig. 1: Peninsular Malaysia showing the rainfall stations.

Result and discussions

The statistics of inter-event dry period is presented in Table 1. Based on 2hr storm separation
time; the rainfall frequency ranges between 133 events per annum at Kota-Bahru to 260 events per
annum at Kedah. Previous research showed that the pattern of rainfall depth over the Peninsular
indicates that stations on the east coast receive more rainfall as compared to those on the west.
However, the pattern of rainfall frequency over the Peninsular is somewhat irregular [17]. The distribution
of mean inter-event dry period shows an overall mean inter-event dry period of 40.7 hours. This
indicates that rainfall occurs over the peninsular on the average once in every 41 hours. Kota-Bahru
and Segamat have the highest mean inter-event dry period of more than 50 hours, while Kedah,
Penang, Kuala Lumpur and Mersin recorded the lowest value of less than 35 hours. Record on the
maximum dry period observed, over the period of record indicates that Penang recorded the longest
dry period of 3775 hours (157 days), followed by Pahang 1742 hours (72 days) and  Kota tinggi
1584 hours  (66 days). Conversely, the highest length of dry period recorded at Kuala Lumpur and
Johor-Bahru were 531 hours (22days) and 562 hours (23 days) respectively. High variation in the
distribution of dry period across the peninsular is reflected in the CV which varies between 1.33 at
Johor to 2.68 at Penang. Similarly, the skewness and kurtosis values vary from 3.96 and 22.32 at
Johor to 27.79 and 1108.07 at Penang respectively. This indicates that the unusually high value of
inter-event dry period recorded at Penang may be considered as outlier and should not be considered
in any agricultural and storm water management planning.  

Table 2 presents the goodness of fit test ranking. It can be observed that all the five models
selected can be used to describe the distribution of inter-event dry period. However, when the models
are ranked, generalized-pareto and log-normal distributions came out to be the best models in describing
the inter-event dry period. Each of the two models ranked as first and second candidates in exactly
half of the total number of stations while exponential distribution comes third in all the stations.
Generalized-pareto is the most dominant distribution describing inter-event dry period in west coast
while Log-normal distribution is found to be the most suitable model in the eastern coast. Gamma and
beta distributions comes fourth and fifth each in exactly half of the total number of stations. Figures
1 and 2 show the probability-probability (P-P) plot of inter-event dry period for Kuala-Lumpur and
Segamat stations. 
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Fig 1: P-P plot of inter event dry period for Kuala-Lumpur.

Fig 2: P-P plot of inter event dry period for Segamat.

Table 1: Statistical Analysis of Inter-Event Dry Period using 2hr Storm Separation Time.
Station Location Station ID Period of Data Rainfall Frequency Highest inter-event Mean Inter-event  Standard CV Skewness Kurtosis

Collection (years) per annum period observed (hrs) dry period (hrs) Deviation (hrs)
Kedah 6108001 1996-2009 260 759 30.20 58.22 1.93 5.84 45.56
Penang 5302003 1999-2009 240 3775 33.77 90.68 2.68 27.79 1108.07
Kuala-Lumpur 3116006 1996-2009 245 531 33.05 46.54 1.41 4.04 23.91
Melaka 2224038 1988-2009 174 759 46.17 64.81 1.40 4.01 24.69
Segamat 2528012 1999-2009 155 1174 51.64 87.24 1.69 5.75 50.18
Kluang 2033002 2000-2009 155 1254 51.68 92.27 1.79 6.46 58.04
Johor- Bahru 1834001 1996-2009 199 562 39.87 53.14 1.33 3.96 22.32
Khota- Bahru 6122064 1988-2009 133 992 53.74 91.53 1.70 4.57 28.67
Terangganu 4131001 1996-2009 219 980 35.24 64.23 1.82 6.41 62.05
Pahang 3833002 1988-2009 211 1742 37.43 77.89 2.08 9.17 146.84
Mersin 2237164 1988-2009 237 912 33.44 57.91 1.73 6.02 54.88
Kota- Tinggi 1737001 1996-2008 190 1584 42.18 78.79 1.87 9.34 137.63
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Table 2: Kolmogorov-Smirnov Goodness-of-Fit Test Ranking.
Station Location Generalized Pareto Exponential Gamma Beta Log-normal
Kedah 1 3 4 5 2
Penang 1 3 5 4 2
Kuala-Lumpur 1 3 4 5 2
Melaka 1 3 4 5 2
Segamat 2 3 5 4 1
Kluang 2 3 5 4 1
Johor- Bahru 1 3 4 5 2
Khota- Bahru 2 3 4 5 1
Terangganu 2 3 5 4 1
Pahang 2 3 5 4 1
Mersin 2 3 5 4 1
Kota- Tinggi 1 3 4 5 2

Conclusions:

Hourly rainfall data were used to analyze the statistical distribution of the duration of inter-event
dry period for Peninsular Malaysia. Rainfall data were collected from 12 stations spread across the
Peninsular. Kolmogorov-smirnov goodness-of-fit test was applied to five commonly used distributions;
namely; generalized pareto, exponential, gamma, beta and log-normal distribution. Rainfall frequency,
over the peninsular, ranges from 133 events per annum at Kota-Bahru to 260 events per annum at
Kedah. The distribution of mean inter-event time showed that Kota Bahru and Segamat have the
highest mean dry period while Kedah, Penang, Kuala Lumpur and Mersin recorded the lowest.
Goodness of fit test ranking indicated that generalized pareto and log-normal distributions were found
to be the most preferable in describing the distribution of inter-event dry period using the hourly data.
The result of this research can be valuable to in meteorological and hydrologic applications related
agriculture, water resources and storm water management. 
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