IDENTIFICATION OF A PROBABILITY DISTRIBUTION FOR
EXTREME RAINFALL SERIES IN EAST MALAYSIA

ISMAIL BIN IBRAHIM

Laporan Projek ini dikemukakan
sebagai memenuhi sebahagian daripada syarat

penganugerahan Ijazah Sarjana Kejuruteraan Awam

Fakulti Kejuruteraan Awam & Alam Sekitar
Kolej Universiti Teknologi Tun Hussein Onn

NOVEMBER, 2004



For my beloved mother and my late father who never had a chance

to see his son’s success

and

For my dearest wife, Ayni, and two children, Mohd Izzuan and Nur Izni

May ALLAH protect and bless us all.



ACKNOWLEDGEMENTS

I would like to send my regards and thank you to all parties that that had
given me a helping in completing this report, either directly or indirectly. I would
also like to express my deepest appreciation to my supervisor, Prof. Ir Dr. Amir
Hashim bin Mohd Kassim, Dean, Faculty of Civil Engineering and Environment,
KUITTHO, and Dr Zalina bt Mohd Daud of Akademik Tentera Malaysia (ATMA),
Sungai Besi, Kuala Lumpur, for their guidance and assistance during the course of
this project. Not forgetting, [ would also like to express my sincerest gratitude to
my co-supervisor in Germany, Prof-Ing. Dr Wolfgang Geiger and his assistant Dipl.-
Ing. Thorsten Mietzel, who had contributed in their own way in the preparations of
this report.

A special appreciation is extended to the Department of Malaysia
Meteorological Services in Petaling Jaya for being kind enough to supply me with
all the data for this study. I would like also to express my thanks to all colleagues
and friends who had given me invaluable assistances and encouragements
throughout my study period. And a special thanks to KUITTHO for granting me the
study leave and financial support throughout the course of my study.

Lastly, I would like to express my deepest thanks and love to my family,
especially to my wife Ayni Embong, my two children Mohd Izzuan and Nur Izni,
and also to my mother Nafsiah bt Abdullah for their patience, moral supports,

understanding and encouragements to make this project a success.

And above all, I thank Allah S.W.T for giving the strength and courage to
undertake and complete this project.



ABSTRACT

The goal of this study was to evaluate the goodness-of-fit of the alternate
probability distributions to sequences of the annual maximum stream flows in the
East Malaysian states of Sabah and Sarawak. We will never know with certainty,
the actual amount of rainfall that will occur in the future. So a statistical analysis of
this nature can provide guidance on which probability distributions can give
reasonable approximation. Basically, this study is a statistical analysis on extreme
annual rainfall series in East Malaysia. It will discuss the comparative assessment
of eight candidate distributions in providing accurate and reliable maximum rainfall
estimates for East Malaysia. The models considered were the Exponential (EXP),
Gamma (GAM), Generalized Extreme Value (GEV), Generalized Logistic (GLO),
Generalized Pareto (GPA), Gumbel (GUM), Pearson Type I1I (PE3) and Wakeby
(WAK). Annual maximum rainfall series for one-hour resolution from a network of
ten Principal Gauging Stations located five each in Sabah and Sarawak were
selected for this study. On top of that, data for the fifteen-minutes were also taken
for analysis to act as a check to the result. The length of rainfall records varies from
seventeen to twenty-one years. Model parameters were estimated using the L-
moment method. The quantitative assessment of the descriptive ability of each
model was based on using the Probability Plot Correlation Coefficient (PPCC) test
combined with Relative Root Mean Squared Error (RRMSE), Root Mean Squared
Error (RMSE) and Maximum Absolute Error (MAE). Ranking of PPCC in
descending order and the other three criteria on ascending orders were taken and the
top three distributions from the ranking for each station were chosen. The GEV
distribution came out on top that occurs frequently on most of the stations is
selected as the best fitting distribution to describe the extreme rainfall series for East
Malaysia.



ABSTRAK

Tujuan utama kajian ini adalah untuk menilai ujian cocokan kuantitatif bagi
setiap taburan kebarangkalian yang terjadi bagi taburan hujan makmimum di Sabah
dan Sarawak. Kita tidak akan mengetahui dengan tepat berapa amaun hujan yang
akan turun di masa akan datang jadi kajian statistik seperti ini perlu dijalankan untuk
memberi sedikit sebanyak panduan tentang taburan kebarangkalian yang mana
sesuai digunakan. Ini adalah merupakan kajian statistik untuk taburan hujan
maksima di Malaysia Timur dan akan membincangkan mengenai penilaian ke atas
lapan calun taburan frekuensi didalam memberikan anggaran yang tepat. Calun-
calun untuk model taburan frekuensi tersebut adalah terdiri dari Exponential (EXP),
Gamma (GAM), Generalized Extreme Value (GEV), Generalized Logistic (GLO),
Generalized Pareto (GPA), Gumbel (GUM), Pearson Type I1I (PE3) and Wakeby
(WAK). Siri taburan maksima hujan tahunan untuk sela satu jam dari sepuluh tolok
rakaman hujan automatik yang terletak lima di Sabah dan lima di Sarawak
digunakan untuk kajian ini. Disamping itu dat untuk sela lima belas minit juga
digunakan sebagai semakan. Rekod untuk taburan hujan adalah selama antara tujuh
belas hingga dua puluh satu tahun. Anggaran parameter model adalah berasaskan
Kaedah momen-L manakala ujian cocokan kuantitatif untuk menilai keupayaan
diskriptif setiap model adalah berasaskan ujian Koefisien Korelasi Plot
Kebarangkalian (KKPK), dan tiga kriteria kejituan yang lain iaitu ralat Relatif Punca
Min Kuasa Dua (RRPMKD), ralat Punca Min Kuasa Dua (RPMKD) dan Sisihan
Mutlak Maksimum (SMM). KKPK diatur dalam susunan menurun manakala ketiga
kriteria yang lain diatur dalam aturan meninggi, dan tiga taburan frekuensi yang
teratas bagi setiap stesyen akan diambilkira sebagai calun terbaik. Dari analisa yang
dijalankan bagi kajian ini, didapati bahawa taburan GEV adalah lebih sesuai dipilih
sebagai taburan frekuensi untuk siri hujan ekstrim bagi Malaysia Timur.
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CHAPTER1

INTRODUCTION

1.1  Background

After five decades, the field of statistical hydrology continues to evolve and
remains a very active area of investigation. Researchers continue to examine
vanious distributions, methods of estimation of parameters, and problems related to
regionalization. However, much of this material appears in journals and reports and
usually in a form which is not easily accessible to practitioners and students-and
hence producing a bigger gap between research and practice.

The eighties proved to be important years with many significant
contributions. Due to its large economical and environmental impact, flood
frequency analysis remains a subject of great important and interest, and research on
improved methods for obtaining reliable flood estimates has continued into the
nineties, although with different emphasis. In the seventies and eighties much effort
was spent on developing efficient at-site flood frequency procedures. New
distributions and estimation methods were introduced in the hydrologic journals,
some of them developed specifically for flood frequency analysis. It seems that this
tendency has decelerated somewhat at the beginning of the nineties. Researchers are
gradually realizing that the lack of sufficiently long data series imposes an upper
limit on the degree of sophistication that can reasonably be justified in at-site flood
frequency analysis. It has been emphasized by many that instead of developing new
methodologies for flood frequency analysis, effort should be spent on comparing
existing ones and on looking for other sources of information (Potter, 1987; Bobée



etal . 1993) Regionalization is probebly the most viable avenue for improving
flood estanates, and fortunately this seems to be the direction that the researches
have taken m the nimeties.

Before designing a variety of engineering works in water resources planning
and other water related projects, engineers often require flood estimates at a
particular proposed site or project location. Flood volume estimate is very important
m predicting or estimating the return period of rare events such as extreme rainfalls
or preciptation for a site or a group of sites.

The general purpose of frequency analysis is to relate the magnitude of
extreme events to their frequency of occwrence through the use of probability

distnbutions (Chow et al., 1988). The data observed over an extended period of
ume mn a hydrologic system are analyzed in frequency analysis and are assumed to
be independent and identically distributed. Further, it is assumed that the floods
have not been affected by natural or manmade changes in the hydrological regime in
the system.

In practice, the actual probability distribution for both at-site and a regional
data 1s quite unknown. For this study of the East Malaysian states of Sabah and
Sarawak, the data collected is quite short in relation to other countries and began in
the year 1951 for monthly rainfall and only from 1979/1981 for the detailed houry
duration rainfalls. So due to the very limited short data available, it is quite possible
that some output from the analysis might not be that accurate. Hence it is quite
necessary that a more detailed study should be done for better estimates of design
storms based on a more reliable and longer period of data.

With the advancement of computer software, the efficiently quantitative
method for goodness-of-fit such as the probability plot correlation coefficient test
will provide a more reliable output of the existing techniques. And also with the
introduction of the L-moments (Hosking, 1990) numerous researchers have
recommended them to assess the goodness-of-fit of various probability distributions
to data samples of stream flow and precipitation (Chowdhury et al., 1991, Hosking
and Wallis, 1993, Stedinger et al., 1993.



12 Statesseat of Problem

The focus of this study is to determine the most appropriate probability
distribution of extreme rainfall that are best suited to East Malaysia, which
comprises the states of Sabah and Sarawak. For that purpose, the data from the
annual maximum series were chosen and more preferred to be used instead of the
partial duration series by virtue of its simplicity and easier to extract and analyze.

The process of probability fitting involved several steps. The problems of
finding the optimal combination of the best estimation techniques with the most
suitable distribution have actively been discussed over the past couple of decades.
Hosking and Wallis (1993) organized regional frequency analysis into four stages:
(1) Screening of the data; (2) identification of homogeneous region; (3) choice of a
regional probability distribution; and (4) estimation of the regional probability
distribution. Normally, if the final goal is to estimate a regional flood frequency, the
process should proceed from one stage to the next without skipping intermediate
stages. The identification of homogeneous region is normally important for
identifying a regional shape or skew parameter to be used with the regional
estimation procedure. So a comprehensive and global study on this subject matter
will be an enormous task to undertake, and let alone the stochastic nature of the
empirical rainfall data is a big hurdle to overcome along with the spatial and
temporal differences of the region. Because of that, most studies are done locally,
using at-site data and also restricted to a few commonly used distributions.

It should be noted also that despite the availability of rainfall data from either
the Malaysia Meteorological Services Department or the Department of Drainage
and Irmigations Malaysian, a formal study on the probability distribution of annual
extreme rainfall series in East Malaysia has never been conducted. Thus there is an
urgent need for this research to done immediately so that the existing rainfall atlas
can be revised to the latest development.

Regionalization study is also important in determining the spatial and
temporal patterns of rainfall in the region which are directly affected by the

monsoon seasons. The mechanisms, which bring heavy rains to different parts of



the region, should be incorporated into the homogeneity study, which, at the present
moment are very lacking. Unfortunately, this study is not included in the scope of
this report.

13 Study Objectives

The objectives of this study to perform a detailed assessment of various
probability distributions to determine the best distribution model for describing the
extreme rainfall series for East Malaysia. This is important because there is no
formal study on the subject has ever been done and hence the need for it in order to
identify the pattern of distribution for these areas. Apart from that, it is to provide a
bit on theoretical knowledge of spatial and temporal pattern of extreme and monthly
rainfalls in East Malaysia.

14  Scope of Study

The study will be basically a statistical analysis to determine the best
probability distribution that can be applied to East Malaysia based on annual
extreme rainfall series and not from the partial duration series. All the data was
collected from the Malaysia Meteorological Services Department located in Petaling
Jaya, Selangor . The data for the annual maximum series collected was for five
principal stations in Sabah and another five stations for Sarawak. These stations are
located in Labuan, Kota Kinabalu, Kudat, Sandakan and Tawau for Sabah, and
Kuching, Sri Aman, Sibu, Bintulu and Miri for Sarawak. The locations and altitudes

of each station is as shown in Table 1.1 and Figure 1.1 below.



Table 1.1: Pesition and Elevations of Each Principal Stations

Station Latitnde Longitude  Ht above M.S.L (m)
Kuching 1°29°N 110° 20’E 21.7
Sri Aman 1°13°N 111°27°E 9.6
Sibu 2°1S’N 111° S8’E 309
Bintulu 3°12’N 113° 02’E 31
Miri 4°20° N 113° S9’E 17.0
Labuan 5°18'N 115° 15’E 293
Kota Kinabala 5°56’ N 116° 03’E 23
Kndat 6°SS’ N 116° SO’E 35
Tawau 4°16’N 117° S3’E 19.8
Sandakan 5°54N 118° 04’E 103

The study will also be focusing on using the L-moments method for
parameter estimations which is highly recommended by researchers. For the
goodness-of-fit test, the probability plot correlation coefficient (PPCC) will be the
main test considered as well as the other three tests for comparison such as the
relative root mean square error (RRMSE), root mean square error (RMSE) and the
maximum absolute error (MAE).

For the probability distribution, a set of eight probability distributions
commonly used in distribution fitting studies are chosen and they are the two-
parameter Exponential (EXP), Gamma (GAM) and Gumbel (GUM) distributions,
the three-parameter Generalized Extreme Value (GEV), Generalized Logistic
(GLO), Generalized Pareto (GPA) and Pearson Type L1 (PE3) distributions, and the
five-parameter Wakeby (W AK) distribution.
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1.5 Importance and Contribution of the Study

The study is meant to identify the best fitting probability distribution that
best describe the extreme rainfall in East Malaysia and hence can be of great
importance for future practitioners to design for water related structures in both the
states. It is made more important to various authorities in those two states or federal
government because so far there is no formal study on probability distribution of
extreme rainfall series has ever been conducted to cover the whole of East Malaysia.

At the moment, Gumbel has been accepted to be used as a probability
distribution for the whole of Malalysia. This is done so without any research done
on this matter. So with this perception, it is hopefully beneficial to all that the
outcome of this study will contribute to a better knowledge of the rainfall behavior
in East Malaysia

1.6 Layout of Report

This report is presented in six chapters and three appendices. The objectives
and scope of the study are covered in Chapter [, that also including the problem
statement and significant of study. Chapter IT will basically be dealing with
literature review of all the procedures and methods that are in existence. The
methodology, explaining all the methods and procedures that are to be used in this
study are described in details in Chapter III. The case study and analysis of the
probability distribution for this study is discussed in Chapter IV. The results and
discussions based on this analysis are presented in Chapter V. The overall
conclusion of the study and further suggestions for future research are discussed in
Chapter VI. Appendices A will be the summary of all the results from the analysis
while Appendices B will tabulate the data collected from MMS. And lastly
Appendix C is the sample of Fortran routine for computing L-moment parameters
for GEV distribution.



CHAPTER
11



REFERENCES

Ashkar, F., Bobée, B., Bernier, J. (1992). “Separation of Skewness: Reality or
Regional Artifact?” .Journal of Hydraulic Lngineering ASCL:. 460 — 475.

Bartels, H. (1997). “Precipitation Depths for Germany - KOSTRA (Coordinated
Storm Precipitation Regioualisation Analysis).” Deutscher Wetterdienst (DWD).
Offenbach/main, Germany.

Bobée, B., and Rasmussen, P.['(1995). “Recent Advances in Flood Frequency

Analysis.” Reviews of Geophysics. Vol. 33.

Bobée, B., Cavadias, G., Ashkar, F., and Rasmussen, P.F. (1993). “Towards a

Systematic Approach to Comparing Distributions used in Flood Frequency
Analysis.” .Journal of Hydrology. 142. 121-136.

Chakravarti, Laha, and Roy, (1967). “Handbook of Methods of Applied Statistics,
Volume 1.” John Wiley & Sons, Inc, USA. 392-394.

Chow, V.T. (1964).Editor-in-Chief. “Handbook of Applied Hydrology.” McGraw-
Hill New York, NY.

Chow, V.T., Maidment, D.R., and Mays, L.W. (1988). “Applied Hydrology.”
McGraw-Hill International, USA. 380 - 410.

Chowdhury, J.U., Stedinger, J.R_, and Lu, L.H. (1991). “Goodness-of Fit Tests for
regional Generalized Extreme Value Flood Distributions.” Water Resources
Research. 27(7). 1765 - 1776.



Cunnape, C. (1987). “Review of statistical methods for flood frequency estimation.”

i Singh.V.P. ed. “Hydrologic Frequency Modeling.” D. Reidel, Dordrecht. 49 -
95.

Cunnane, C. (1989). “Statistical Distributions tor Flood Frequency Analysis.” World

Meteorological Organization Operational Hydrology. Report No. 33, WMO —
No. 718. Secretanat of the WMO, Geneva, Switzerland.

Davison, A.C., and Smith, R 1. (1990). “Models for exceedances over high
thresholds.” Journal of Royal Statistical Society. Series B. 52(3), 393-442.

Filliben, J. J. (1975). “The Probability Plot Correlation Coefficient Test for
Normality.” Technometrics. 17(1). 111-117.

Greenwood, J.A., Landwehr, 1. M., Matalas, N.C., and Wallis, J.R. (1979).
“Probability Weighted Moments : Defination and Relation to Parameters of

Several Distributions Expressible in Inverse Form.” Warter Resources Research.
15(5). 1049 - 1054.

Helsel, D.R., and Hirsch, R M., (1992). “Statistical Methods in Water Resources.”
Elsevier Science Publications Co., Inc. Netherlands.

Hosking, J.R.M,. (1991). “The Fortran Routines for Use With the Method of L-
moments, Version 2. Research Report RC17097. IBM Research Division,
Yorktown Heights, New York 10598.

[Tosking, J.R.M,. (1990). “L-moments : Analysis and Estimnation of Distributions
using Linear Combinations of Order Statistic.” Journal of Royal Statistical
Society. Series B. 52(1). 105-124.

Hosking, J.R.M,. (1986). “The Theory of Probability Weighted Moments.” Research
Report RC12210. 1BM Research Division, Yorktown Heights, New Y ork 10598.



Hosking, J R M, and Wallis, J R. (1993). “Some statistics useful in regional
frequency analysis.” Wulter Resources Research. 29(2). 271-281.

Houghton, J.C. (1978). “The Incomplete Means Estimation Procedure Applied to
Flood Frequency Analysis.” Water Resources Research. 14(6). 1111 - 1115,

Mays, L.W. (2001). “Water Resources Engineering " John Wiley & Sons, Inc. USA
309 - 342.

Naghavi, B, and Fang, X.Y. (1995). “Regional Frequency Analysis of Extreme
precipitation in Louisina " Journal of Hydraulic Engineering. November 1995.
819 827.

Potter, K.W.(1987). “Research on ['lood Frequency Analysis: 1983-1986.” Reviews
of Geophysics. 25(2), 113-118.

Ramachandra, AR, and Khaled, H.H.((2000). “Flood Frequency Analysis.” CRC
Press LLC. Boca Raton, Florida, USA.

Schaeffer, M.G.(1990). “Regional Analyses of Precipitation Annual Maxima in
Washington State.” .” Water Resources Research. 26(1). 119 - 131,

Sevruk, B, and Geiger. H. (1981). “Selection of Distribution Types for Extremes of
Precipitation.” World Meteorological Organization Operational Hydrology.
Report No. 15, WMO — No. 560. Secretariat of the WMO, Geneva, Switzerland.

Snedecor, G.W., and Cochran, W.G. (1989). “Statistical Methods, Eighth Edition.”
[owa State University Press.

Stedinger, J.R, Vogel, R. M., and Foufoula-georgiou, E. (1993). “Frequency
Analysis of Extreme Events.” in Maidment, D.R. ed. “Handbook of Hydrology."
McGraw-Hill Book Co.Inc., New York.



Stephens, M. A. (1974). “EDF Statistics for Goodness of Fit and Some

Comparnisons.™ Journul of the American Statistical Axsociation. 69. 730 - 737.

U.S. Water Resources Council (USWRC), (1967). “Guidelines for Determining
Flood Flow Frequency.” Bulletin No. 15. Hydrology Subcommittee,
Washington, D.C.

Vogel, R M., McMahon, T A, and Chiew, F H.S. (1993). “Flood Flow Frequency
Model Selection in Australia * Journal of Hydrology. 146. 421 - 449,

Vogel, RM,, and Wilson, 1. (1996). “Probability Distribution of Annual Maximum,
Mean and Minimum Streamflows in The United States. ” Journal of Hydrologic
Lingineering. 1(2), April 1996. 69 - 76.

Zalina Mohd Daud (2001). “Staustical Modelling of Extreme Rainfall Processes in
Malaysia.” Universiti Teknologi Malaysia. Ph. D thesis.



	LI
ST OF CONTENTS
	Title
	Declaration
	Acknowledgements
	Abstracts
	Table of Contents
	List of Tables
	List of Figures
	List of Abbreviations and Symbols
	List of Probability Distributions
	CHAPTER I - INTRODUCTION
	CHAPTER II - LITERATURE REVIEW
	CHAPTER III -METHODOLOGY
	CHAPTER IV CASE STUDY
	CHAPTER V RESULTS AND DISCUSSIONS
	CHAPTER VI CONCLUSSIONS AND SUGGESTIONS
	REFERENCES
	APPENDICES




