GOPULA

MODELLING anp

irs APPLICATION i}
/\V“Q{
&






GOPULA

MODELLING anp
irs APPLICATIQN
Q

S
X
\N
Q/(‘O
)
Q Edited by

XX Fadhilah Yusof
S@ah Suhaila Syed Jamaludin

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

www.penerbit.utm.my

2023



First Edition 2023
© FADHILAH YUSOF & SHARIFFAH SUHAILA SYED JAMALUDIN 2023

Hak cipta terpelihara. Tiada dibenarkan mengeluar ulang mana-mana bahagian artikel,
ilustrasi, dan isi kandungan buku ini dalam apa juga bentuk dan cara apa jua sama ada
dengan cara elektronik, fotokopi, mekanikal, atau cara lain sebelum mendapat izin
bertulis daripada Timbalan Naib Canselor (Penyelidikan & Inovasi), Universiti Teknologi
Malaysia, 81310 UTM Johor Bahru, Johor Darul Ta’zim, Malaysia. Perundingan
tertakluk kepada perkiraan royalti atau honorarium.

All rights reserved. No part of this publication may be reproduced or transmitted in any
form or by any means, electronic or mechanical including photocopyin ording, or
any information storage and retrieval system, without permission in wr, "from Deputy
Vice-Chancellor (Research & Innovation), Universiti Teknologig&ysia, 81310 UTM
Johor Bahru, Johor Darul Ta'zim, Malaysia. Negotiation is Subject to royalty or
honorarium estimation.

Editor: FADHILAH YUSOF & SHARIFFAH SUH\%A SYED JAMALUDIN
Editor Penyelaras/ Acquisition Editor: ZALINA RARENG & MAZLAN SAID

Pereka Kulit/ Cover Designer: FAHAMIN ADUBL GHANI

Diatur huruf oleh/ Typeset by: %'(

FADHILAH YUSOF & SHARIFF Q HAILA SYED JAMALUDIN
Faculty of Science @

UNIVERSITI TEKNOLOGI MABAYSIA

81310 UTM Johor Bahru ¢

Johor Darul Ta'zim, MA \QSIA

Diterbitkan di Malay@eh: Dicetak di Malaysia oleh:
PENERBIT U RESS JASAMAX ENTERPRISE
UNIVERSI NOLOGI MALAYSIA No. 16, Jalan Kebudayaan 2,
81310 U hor Bahru Taman Universiti

Johor Darul Ta'zim, MALAYSIA 81300 Skudai, Johor, MALAYSIA

(PENERBIT UTM ahli MAJLIS PENERBITAN
ILMIAH MALAYSIA-MAPIM dan MABOPA
dengan no. keahlian 9101)

Cataloguing-in-Publication Data

Perpustakaan Negara Malaysia

A catalogue record for this book is available from the
National Library of Malaysia

ISBN 978-983-52-1962-7



Contributors
Preface

Chapter 1

Chapter 2

Chapter 3

&

Chapter 4

Contents

An Introduction to Copula
Modelling
Fadllah Yusof and Shariffah Suhaila
Syed Famaludin (;9
(@
Construction of S r%nov-
Type Copulae &gh
Riischendorf Method
Jayrold P. Arcede, Milburn O.

Macalos, ndo N. Paluga, and Siti

Mariawrmlashikin

.s@?ametric Versus Non-

((\\parametric Approach in

Copula Modelling

Wan Zawiah Wan Zin, 1zzat
Fakhruddin Kamaruzaman, Shariffah
Suhaila Syed Jamaludin, and Adina
Najwa Kamarudin

Bivariate Copulas
Estimation using
Semiparametric Methods
Rahmah Mohd Lokoman, Fadhilah
Yusof, and Julkifli Yusop

5
Xl

33

71

87



vi  Conlents

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Constructing Copula from a
Bivariate Function

Ang Kah Yee, Rahmah Mohd
Lokoman, and Sitv Rohani Mohd Nor

Effect of Zero
Measurements in Bivariate
Rainfall Data
Shariffah Suhaila Syed Jamaludin and
Kong Chz

g Ching Yee (;9

')

Skew-¢ Copula <
Roslinazairimah Zakaria, No
Fadhilah Atmad Radi @5&:
Rohani Mohd Nor Q\

O
Bivariate @ula Model for
Rainfall Data

Norizzati Salleh, Fadhilah Yusof,
Zu@ Yusop, and Siti Mariam

rulashikin

R
Chapter 9 Copula Application in

Rainfall Analysis

Mohd Afiar Abu Bakar, Noratigah
Mohd Aniff; Abdul Aziz Jemain, and
Adina Najwa Kamarudin

113

135

153

173

191



Conlents Vil

Chapter 10 Nonparametric Predictive 219
Inference with Copulas for
Bivariate Data
Noryanti Muhammad, Frank Coolen,
Tahani-Coolen Maturi, and
Norazlina Ismail

Index 237






Contributors

Abdul Aziz Jemain Faculty of Science and Technology, Universiti
Kebangsaan Malaysia, Bangi

Adina Najwa Kamarudin Faculty of Science, Universiti Teknologi
Malaysia, fohor Bahru

Ang Kah Yee Fuaculty of Science, Universiti Teknologi Malaysia, Johor
Bahru

Fadhilah Yusof Faculty of Science, Universiti Teknola%(%al@sia, Johor
Bahru Q@

Frank Coolen Department of Mathematical ScieQ‘aS Unwersity of
Durham, United Kingdom

Izzat Fakhruddin Kamaruzan@\”aculty of Business,
Multimedia Unwersity, Melaka %

Jayrold P. Arcede College of \ematifs and Natural Sciences, Caraga
State University, Philippinfd

Kong Ching Yee Fac@&cience, Unuversiti Teknologi Malaysia,
Johor Bahru

Milburn O. M '@os College of Mathematics and Natural Sciences,
Caraga Stave*University, Philippines

Mohd Af; bu Bakar Fuculty of Science and Technology, Universiti
Kekkgsaan Malaysia, Bangi

Noor Fadhilah Ahmad Radi School of Mathematical Sciences,
College of Computing, Informatics and Mathematics, Universiti
Teknologi MARA, Shah Alam

Noratiqah Mohd Ariff Facully of Science and Technology, Universiti
Kebangsaan Malaysia, Bangi

Norazlina Ismail Fuculty of Science, Universiti Teknologi Malaysia,
Johor Bahru

Norizzati Salleh Faculty of Science, Universiti Teknologi Malaysia,
Johor Bahru



x  Contributors

Noryanti Muhammad Centre for Mathematical Sciences, Universiti
Malaysia Pahang Al-Sultan Abdullah, Pekan

Rahmah Mohd Lokoman Faculty of Sciences, Universiti Teknologi
Malaysia, fohor Bahru

Rolando N. Paluga College of Mathematics and Natural Sciences,
Caraga State Unwversity, Philippines

Roslinazairimah Zakaria Centre for Mathematical Sciences,
Unwersitt Malaysia Pahang Al-Sultan Abdullah, Pekan

Shariffah Suhaila Syed Jamaludin Faculty of Sciences, Universiti
Teknologi Malaysia, Fohor Bahru

Siti Mariam Norrulashikin Faculty of Sciences, Unwéﬁyz
Teknologi Malaysia, Fohor Bahru

Siti Rohani Mohd Nor Facully of Sciences, Unwegtz Teknologi
Malaysia, fohor Bahru «

Tahani-Coolen Maturi Depariment of %ﬁemaﬁcal Sciences,
Uniwversity of Durham, United Kingdgh,

Wan Zawiah Wan Zin Facully ofégntes and Technology, Universiti
Kebangsaan Malaysia, Bangi

Zulkifli Yusop Centre for l@gdnmenml Sustainability and Water
Security (IPASA)i U&wrsiﬁ Teknologi Malaysia, Fohor Bahru

6\\
&



Preface

This edited book 1s a collection of studies, done over the years
using the theory of copula. In this theory, the concept of
dependency has been explored and applied in many
applications, specifically in rainfall and drought analysis. The
derivation of copula families is also discussed to emphasize on
the mathematical foundations that exist in constructing the
copula functions. This derivation is also showin importance
of the dependency of the marginal distribuﬁQg’to be known or
measured to be incorporated in the gopula functions. In
estimating the parameters of the co distributions, various
methods of estimations are applied compared in relation to
the data used. Hence, the impg ’%nt roles in copula modelling
in recent years are highligﬁtmd the possible existence of
relationship between Vari@s of interest in the real application

This editeds
n undergradua@nd postgraduate studies, who are interested

must be addressed a gpriately.

d\&k can be used as a reference for students
in copula Céhtept and modelling, especially the underlying
mathema}%hl formulations of the theory. Moreover, this book
can also be useful to those researchers in applied fields who may
need strong reference on the dependency theory or engineers in
water resource management units who may need information on
the copula theory in hydrological application.

Our special thanks go to the authors for their willingness
to contribute to this edited book. These authors have one
common interest that 1s using copula concepts in their research.
The teamwork spirit among all the authors is commendable and
that helps to smoothen the progress of this book. We are very
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fortunate to have a good team of authors, not only from UTM,
but also from UKM, UiTM and UMP. Excitingly, in this project
we also have contributors from the Caraga University in Butuan,
Philippines. This project will hopefully mark our initial effort in
doing more collaborative work in the future.

Finally, we are grateful to all the Climate Change
Research Group (CCRG) members, in particular to Dr Sit
Rohani Mohd Nor, for her assistance in monitoring the progress
of this edited book. We thank all for the continuous support and
commitment and we are hopeful that there will be more edited
books that may be published from CCRG in the fuifse: Last but
not least, our thanks and gratitude to th partment of
Mathematical Sciences, UTM Centre for I trlal and Applied
Mathematics (UTM-CIAM) and Facu%% cience for giving
this opportunity to be the editors of th{ dited Book.
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