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ABSTRACT

Rainfall modeling has been used to identify the characteristics of the rainfall
occurrence and rainfall amount. The daily rainfall data was obtained from the
Malaysian Drainage and Irrigation Department for six selected rain gauge stations
over period of 32 years ranging from 1980 to 2011 in Peninsular Malaysia. The
purpose of this study is to model the rainfall occurrence that varies as a function of
time of year using Generalized Linear Model (GLM) and compare rainfall patterns
between stations or regions based on the smoothing curves. The rainfall occurrence
was fitted with a two-state first order Markov chain model in this study. The
transition probabilities for first order Markov chain model were calculated using the
maximum likelihood method. Since the transition probabilities for all stations are
not stationary, smoothing curves to model the transition probabilities using Fourier
series throughout the year were suggested. Analysis of deviance table was obtained
by using statistical program R project. The result shows that all the stations display a
bimodal pattern of rainfall with two distinct peaks except station Hospital Pontian for
transition probabilities of dry day to rainy day and station Ipoh for transition
probabilities of rainy day to rainy day. Based on the observations, rainfall modeling
can be applied in agriculture sector.
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ABSTRAK

Pemodelan hujan telah digunakan untuk mengenal pasti ciri-ciri kejadian
hujan dan jumlah hujan. Data hujan harian telah diperolehi daripada Jabatan
Pengairan dan Saliran Malaysia untuk enam tolok hujan yang terpilih dalam tempoh
32 tahun dari tahun 1980 hingga 2011 di Semenanjung Malaysia. Tujuan kajian ini
adalah untuk memodelkan kejadian hujan menggunakan Generalized Linear Model
(GLM) dan membandingkan corak hujan antara stesen atau wilayah berdasarkan
lengkung licin. Model raintaian Markov peringkat pertama dengan dua keadaan
telah digunakan untuk memodelkan kejadian hujan dalam kajian ini. Kebarangkalian
peralihan untuk model raintaian Markov peringkat pertama telah dikira
menggunakan kaedah maksimum kebolehjadian. Kebarangkalian peralihan untuk
semua stesen tidak pegun, jadi lengkung licin untuk memodelkan kebarangkalian
peralihan menggunakan siri Fourier sepanjang tahun telah dicadangkan. Jadual
untuk analisis deviance telah diperolehi dengan menggunakan program statistik R
projek. Hasilnya menunjukkan bahawa semua stesen memaparkan corak bimodal
hujan dengan dua puncak yang berbeza kecuali stesen Hospital Pontian bagi
kebarangkalian peralihan dari hari kering kepada hari hujan dan stesen Ipoh bagi
kebarangkalian peralihan dari hari hujan kepada hari hujan.  Berdasarkan

pemerhatian, pemodelan hujan boleh digunakan dalam sektor pertanian.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Water is one of our most precious natural resources. All living things, animals
and plants depend on water. Rainfall is the main component of water and energy cycles.
It is an important process for energy exchanges between the atmosphere, ocean and land.
It determines the Earth’s climate. Rainfall serves useful purposes for agriculture,
industry and domestic consumption. In contrast, rainfall can cause problems. When
there is no rainfall because of the dry weather, this will bring many effects to water
supply, natural ecosystems and agriculture. In agriculture, drought can kill the crops and
also increase erosion. Meanwhile, excessive rainfall can cause floods. This will cause a
big loss to human, economic and environmental systems. Excessively wet weather can
cause the growth of fungus and bacteria. Therefore, it is important to manage the rainfall
appropriately so that the demand of rainfall can be maintained. Hence, it is vital to



know the characteristic of the rainfall occurrence and the rainfall pattern for the purpose

of managing water resource systems.

According to National Research Council (2001), different rainfall trends indicate
more volatile rainfall patterns and increase in average temperature. Due to climate
change, Malaysia is undergoing higher rainfall throughout this century. Malaysia had
experienced an increase in average temperatures and heavier rainfall compared to the
previous years. In addition, from the Fifth Assessment Report by the Inter-
Governmental Panel on Climate Change (IPCC), the rainfall intensity is increasing and
Malaysia’s average temperature is increasing by 3 to 5°C. Therefore, it is important to
study the rainfall process by modeling the rainfall data. Various studies of modeling
rainfall process had been conducted by researchers to give a better understanding of

rainfall patterns and its characteristics.

According to Malaysian Meteorological Department, uniform temperature, high
humidity and abundant rainfall are the characteristic features of the climate of Malaysia.
Peninsular Malaysia receives average rainfall of 2500 millimeters. However, major
climate change in Malaysia has caused the major flood and flash flood. Due to the high
intensity and few days’ duration rainfall, monsoon flood happens during the North-East
Monsoon between November and March. On the other hand, high rainfall intensity will
cause flash flood due to rapid development in the urban area. River overflows more
rapidly than normal. Since flood can caused immense damages to the urban area and
death if the flood is occurred seriously, therefore it is important to manage water

resources systems.



1.2 Research Background

Rainfall modeling is a topic of study by many researchers from different
specialized fields such as hydrology, meteorology, climatology and atmospheric physics.
Rainfall modeling is important for planning, designing and managing water resource
systems. It can also applied in agriculture and engineering. Rainfall modeling has been
used to identify the characteristics of the rainfall occurrence and rainfall amount.
Rainfall modeling generally describes the nature of rainfall and its time sequence

mathematically.

The rainfall data often display a characteristic that is a substantial proportion of
the values are zeroes. The zero values represent the dry days while the non-zero values
represent the rainy days. Hence, two models are recommended for modeling rainfall
data. One of the models is a model for dependent binary data to model rainfall
occurrence on a particular day which is conditional on previous rainfall occurrence
while another one is a model for rainfall amount to model rainfall intensity on rainy days

for example gamma, exponential or mixed exponential distribution.

The rainfall occurrence is significant on modeling agricultural and hydrological
impacts. The occurrence of rainfall at each station is considered as an independent
random event. A model of rainfall occurrence is a model that provides a sequence of dry
and wet days. Markov chain models can be used to fit the rainfall occurrence.
Therefore, a study of Markov chain models is conducted to describe the occurrence of

rainfall.

In general, Markov chains had been used to model the daily rainfall occurrence.
A study on the sequence of daily rainfall occurrence had been done by Gabriel and
Neumann (1962). The daily rainfall occurrence of rain at Tel Aviv, Israel was

successfully analyzed by fitting with a probability model in the form of first-order



Markov chain. Markov chain models were used to describe the distribution of
sequences of wet and dry days during the rainy season. After that, a seven state chain
where every state corresponding to a different amounts of rain was analyzed by Haan et
al. (1976). Moreover, Markov chains model of higher than first order was applied.
Precipitation as a chain-dependent process which can reproduce the probability
distribution of maximum daily amounts of precipitation was proposed by Katz (1977).
Zero-, first- and second-order Markov chains were fitted to the daily rainfall data.
Meanwhile, hourly rainfall observation was studied by Lund and Grantham (1977). A
12" order Markov chains were fitted to the hourly rainfall data. Nguyen and Rousselle
(1981) proposed that first- and second-order Markov chains were fitted to the
consecutive hourly rainfall. According to Stern and Coe (1984), non-stationary second-

order Markov chains are used to model daily rainfall occurrence at a single site.

There are many distribution models that can be used in the statistical studies of
the distribution of rainfall, i.e., binomial, exponential, Gamma, Weibull and Kappa
distributions. For example, daily rainfall occurrence during July and August from 1961
to 2007 in eastern China was analyzed using binomial generalized linear models. (Wang
2010). Woolhiser and Roldan (1982) used three-parameter mixed exponential
distribution to describe the rainfall amounts on wet days. However, Todorovic (1975)
proposed that exponential distribution does not fitted to the daily rainfall very well. The
gamma distributions with parameters which may different with the time of year are
usually fitted to the probability distribution of rainfall amounts on wet days. The two-
parameter gamma distribution was used by Katz (1977), Buishand (1978) and Stern and

Coe (1984) to describe the occurrence of rainfall amount on wet days.

In this study, Generalized Linear Models (GLMs) approach is chosen in the
rainfall modeling to analyze the occurrence of the rainfall. GLMs approach for rainfall
modeling has advantages for hydrological design and simulation studies. According to
Stern and Coe (1982), the methods used for the analysis of GLMs are almost the same as

the methods used for normally distributed data. The close terminology related in fitting



curves to the data then changes the prospect of analyzing non-stationary Markov chains.
Moreover, a standard computer package can be used to fit the models. For example, the
package GLIM (Baker and Nelder, 1978) and ASLGREG (Skyes, 1992) were used for
testing the models for daily rainfall data. In addition to this, R package is provided to fit

and simulate GLMs to daily rainfall data.

1.3 Problem Statement

Recently, climate change becomes a major issue in Malaysia. Rainfall are
projected to experience greater fluctuations. Climate change may impacts agriculture,
land resources, water resources and biodiversity in Malaysia. Climate change may
affect water resources by changing the water levels and temperatures. Thus, food supply,
health, industry, transportation and ecosystem integrity may be affected. One of the
impacts to the agriculture is decreasing the productivity of agricultural. Therefore, it is
important to find out the characteristics of rainfall occurrence and demonstrate the
viability of approach for modeling the rainfall pattern.

Drought is defined as a significant dry period with no rainfall. In recent years, an
extended period of dry weather had happened across Malaysia. One of the most severe
droughts was 1997/98 EI Nino events. These events brought severe drought resulting in
water crises in many parts of Malaysia. Droughts have led to agricultural problems,
water shortages and an increase in wildfires. Besides, climate change may also increase
the rainfall intensity due to more water vapor could evaporate into the atmosphere which
result in the intense storms. Floods are the most significant natural disasters in Malaysia
due to the excessive rainfall. The floods occur due to the northeast monsoon and
uncontrolled built-up areas with inadequate drainage in urban. Floods can cause crop

damages, building structure damages and even cause death. Therefore, rainfall modeling



can be useful in water resources planning and management in order to solve these two

disasters.

Markov chain models are often used to describe the daily rainfall occurrence.
Also, generalized linear models (GLMs) are usually fitted using maximum likelihood
method. GLMs were established in the statistical literature and first applied to the
modeling of daily rainfall data by Stern and Coe (1984) since it is equivalent to a two-
state Markov chain model for daily rainfall occurrence. Therefore, GLMs can handle
variables with discrete variables such as rainfall occurrence as well as non-normal
distributions such as rainfall amount on a wet day. GLMs were used in analyzing rainfall
data because they can account for climate change over a long time scale. This indicates
GLMs can be used to interpret historical rainfall data and changes in rainfall patterns.
Besides that, a wide range of models can be formulated as generalized linear models and

easily fitted using statistical program R project.



1.4 Research Objectives

e To profile the characteristics of rainfall occurrence in terms of their descriptive

statistics.

e To model the rainfall occurrence that varies as a function of time of year using
Generalized Linear Model (GLM).

e To compare rainfall patterns between stations or regions based on the smoothing

curves.

1.5  Scope of the Study

In this study, daily rainfall occurrence was analyzed using binomial generalized
linear models. Rainfall occurrence was analyzed by fitting a two-state, first-order
Markov chain. Transition probabilities of the first-order Markov chain and the
parameters of the binomial distribution were estimated by Maximum Likelihood
Estimation (MLE). The parameters were estimated by using statistical program R
project. In this study, the rainfall modeling was analyzed based on daily rainfall series.
A complete daily rainfall data were obtained from different stations to achieve the

objectives.



1.6 Significance of the Study

Rainfall is very important because all living things cannot survive without water.
Rainfall is important for resources of water in Earth. Therefore, rainfall plays an
important role for hydrological and agricultural studies. In agricultural, it is useful for
planning irrigation systems using groundwater, rainfed agriculture and rice cultivation.
In the study of hydrological process, analyzing rainfall data is also beneficial in rainfall-
runoff and infiltration process. Sometimes, the result of simulation is not reliable due to
the inadequate of analysis of the past rainfall data. Thus, the rainfall data of this study
was analyzed to model rainfall occurrence accurately and to compare rainfall patterns

between stations.
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