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ABSTRACT

Several countries, including Japan and the United States, have developed and
researched X-Band polarimetric radar technology for disaster preparedness
applications. However, this weather radar is still unavailable in tropical countries such
as Malaysia, which has experienced flash floods and flood events, particularly during
the monsoon season. The ability of X-Band polarimetric radar to observe rainfall for a
localised area (30-60 km of observation radius) using a dual polarisation method can
provide detailed and precise information to the disaster area in one or two minutes.
Therefore, this research aimed to develop the framework of rainfall estimation by
using X-Band polarimetric radar data. This research used Design Science Research
(DSR) approach as the methodology. First, a systematic literature review was
conducted to identify the current weather radar monitoring system in Malaysia and
examine the theoretical background of X-Band polarimetric radar and its applications,
as well as the components of the X-band polarimetric radar framework. Second, the
DPPC server was set up with the study area and rainfall data of Kagoshima City. The
study area data comprises Digital Elevation Model (DEM) and drainage area; whereas
the rainfall data comprises X-Band polarimetric radar and AMeDAS ground data.
Third, the framework components - storage, analysis tools and visualisation — were
analysed using the X-Band polarimetric radar data to process the actual radar data and
estimate the rainfall in four selected drainage areas. The analysis includes pre-
processing raw data, clipping the DEM, selecting the drainage area, extracting rainfall
data, and plotting the hyetograph. This is followed by the reliability analysis of the
rainfall estimation from the extraction of X-Band polarimetric rainfall data analysed
based on AMeDAS ground data. The validation results showed that there is a moderate
positive correlation between X-Band polarimetric and AMeDAS with R? of 0.24 and
p=0.009. Further, the comparison of rainfall distribution results for both data by using
QGIS showed that AMeDAS data was not reflecting actual rainfall monitored by X-
Band polarimetric radar due to no AMeDAS stations in the drainage area and the
distribution image from X-Band polarimetric radar was in real-time. All four drainage
areas recorded heavy rain in the upper stream and showed the exact locations that had
the highest intensity and the probability that the area closest to the drainage area would
flood. In conclusion, it has been demonstrated that the newly developed framework
translates real raw X-Band polarimetric radar data into accessible engineering data
formats and that it can be used to estimate rainfall in a localised area.
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ABSTRAK

Beberapa negara, termasuk Jepun dan Amerika Syarikat, telah membangunkan
dan menyelidik teknologi radar polarismetrik X-Band untuk aplikasi kesiapsiagaan
bencana. Walaubagaimanapun, radar cuaca ini masih tidak tersedia di negara tropika
seperti Malaysia, yang pernah mengalami banjir kilat dan kejadian banjir terutamanya
semasa musim tengkujuh. Keupayaan radar polarismetrik X-Band untuk memerhati
hujan bagi kawasan setempat (30-60 km jejari cerapan) menggunakan kaedah dwi
polarisasi boleh memberikan maklumat terperinci dan tepat kepada kawasan bencana
dalam satu atau dua minit. Oleh itu, penyelidikan ini bertujuan untuk membangunkan
rangka kerja penganggaran hujan dengan menggunakan data radar polarismetrik X-
Band. Penyelidikan ini menggunankan pendekatan Penyelidikan Sains Reka Bentuk
(DSR) sebagai metodologi. Pertama, kajian literatur sistematik, telah dijalankan untuk
mengenalpasti sistem pemantauan radar cuaca semasa di Malaysia, dan mengkaji latar
belakang teori radar polarismetrik X-Band dan aplikasinya, serta komponen rangka
kerja radar polarismetrik X-band. Kedua, pelayan DPPC telah disediakan dengan
kawasan kajian dan data hujan bagi bandar Kagoshima. Data kawasan kajian terdiri
daripada Digital Elevation Model (DEM) dan kawasan saliran; manakala data hujan
terdiri daripada radar polarismetrik X-Band dan data tanah AMeDAS. Ketiga,
kompenan rangka — penyimpanan, alat analisis dan visualisasi - dianalisis
menggunakan data radar polarismterik X-Band untuk memprosess data sebenar dan
menganggarkan hujan di empat kawasan saliran terpilih. Analisis termasuk pra-
pemprosesan data mentah, memotong DEM, memilih kawasan saliran, mengekstrak
data hujan dan memplot hyetograph. Ini diikuti dengan analisis kebolehpercayaan
anggaran hujan daripada pengekstrakan data hujan polarismetrik X-Band yang
dianalisis dengan berdasarkan data tanah AMeDAS. Keputusan pengesahan
menunjukkan bahawa terdapat korelasi positif yang sederhana antara polarimetrik X-
Band dan AMeDAS dengan dengan R? sebanyak 0.24 dan p = 0.009. Selanjutnya,
perbandingan hasil taburan hujan untuk kedua-dua data menggunakan QGIS
menunjukkan bahawa data AMeDAS tidak menggambarkan hujan sebenar yang
dipantau oleh radar polarismetrik X-Band kerana tiada stesen AMeDAS di kawasan
saliran dan imej taburan daripada radar polarismetrik X-Band adalah dalam masa
nyata. Keempat-empat kawasan saliran merekodkan hujan lebat di bahagian atas
saliran dan menunjukkan lokasi sebenar yang mempunyai keamatan tertinggi serta
kebarangkalian kawasan yang paling hampir dengan saliran yang akan banjir.
Kesimpulannya, telah ditunjukkan bahawa rangka kerja yang baru telah dibangunkan
bagi menterjemahkan data mentah sebenar radar polarismetrik X-Band ke dalam
format data kejuruteraan yang boleh diakses dan ia boleh digunakan untuk
menganggarkan hujan di kawasan setempat
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CHAPTER 1

INTRODUCTION

1.1 Background of the Problem

Intense and localized rainfall can induce severe natural disasters such as flood,
debris flow and landslide (Wang et al., 2019). These disasters usually happen due to
the long duration of rainfall with a high intensity, however, in some cases such as flash
flood, the disaster occurs when the amount of downpour is very intense even if it
happens in a short period of time, especially, in the urban area (Anderson and Sitar,
1995, Farisham, 2007).Thus, for the disaster preparedness and prevention measures,
an integrated high-resolution and real-time rainfall monitoring system is required.
Such system is crucial for collecting information regarding the rainfall intensity and
its attributes in high resolution on the potential hazards such as flood, debris flow, flash
flood and landslide that are caused by the accumulation of precipitation in excess

(Nishio and Mori, 2016).

For many years, the rain gauge is one of the standard tools to measure the
rainfall with limited information on spatial rainfall variability. It captures the actual
rainfall events on the ground level (van de Beek et al., 2010, Allegretti et al., 2012,
Bertoldo et al., 2016). A rain gauge needs to be placed in the open area with no
obstacle such as building or tree that may block the rain and result in inaccurate
readings. Even though the rain gauge system can provide real-time cumulative
information if connected by a network, its planar resolution depends on physical
installation of devices and is naturally limited. Weather radar, on the other hand, offers
the potentialities to estimate the precipitation in advance by monitoring movements of
rain cloud before it reaches the area of interest. The advanced Nowcast models, which
predict and estimate the near future event of a few hours from now, can be used to
predict the precipitation intensity by using the rainfall motion detection (Hirano and

Maki, 2010, Hirano et al., 2014). Moreover, the weather radar is capable of taking



snapshots of the radar reflectivity above the ground (Nielsen et al., 2014, Reyniers,
2008). For that reason, the weather radar has been applied to monitor rainfall related
disasters. The conventional radars such as C-Band and S-Band radars have been
extensively operated as weather radars to perform rainfall monitoring over a long range
while X-Band conventional radar, which has a shorter range but a higher resolution
than C- and S-Band radars , has been used in the military, aviation and marine sectors

(Arturi et al., 2016, Einfalt et al., 2004).

In recent meteorological research, some countries such as Japan, Indonesia and
U.S.A. have been using X-Band polarimetric radars in disaster risk management. Use
of X-Band radar and its integration with polarimetric techniques has also risen in a few
European countries, including Italy, France, and Germany (Cremonini et al., 2012).
Simply stated, X-Band polarimetric radar system is a combination of X-Band radar
with multiparametric or dual polarization technique. The systems can provide the
valuable data for meteorological and hydrological studies and analyses, especially in
short range due to its wavelength (Zrnic and Ryzhkov, 1999, Chandrasekar et al.,
2002). Examples of the valuable data available with X-Band polarimetric radar include
Quantitative Precipitation Estimation (QPE), Quantitative Precipitation Forecast
(QPF) and Drop Size Distribution (DSD). The application of this type of radar for
rainfall monitoring is vital, since the information obtained (such as the amount of
rainfall) is particularly useful for the government and private agencies to help each
other to prepare for any circumstances of rainfall related disaster (Allegretti et al.,
2012, Chandrasekar et al., 2012). However, there is no systematic and theoretical study
conducted on X-Band polarimetric radar application in disaster risk management fields
in Malaysia. Many researches have been made basically on the analytical method by
weather radar and the rainfall estimation process in case studies, for instance, by Diss
et al. (2009), Kurdzo et al. (2015) and Koffi et al. (2014). In addition, a limited number
of researchers have discussed the desired structure of the monitoring and data
management systems, especially, based upon X-Band polarimetric radars. There is no
integrated rainfall monitoring system in operation in ASEAN based on the X-Band

polarimetric radar data as pointed by Nishio and Mori (2018).



For the country like Malaysia to implement the application of rainfall
estimation system by using X-Band polarimetric radar, the framework of the integrated
radar and database system is needs to be established. Malaysia is in the tropical region
a few degrees north of the equator in latitude that has a uniform temperature and high
humidity throughout the year, and seasonal heavy rainfall in monsoon seasons. The
average annual rainfall for Peninsular Malaysia is 2420 mm, while 2630 mm in Sabah
and 3830 mm in Sarawak of rain per year (Ahmad et al., 2017). Due to the climatic
conditions, Malaysia is prone to various forms of water-related disasters such as
floods, flash floods, landslides, and debris flows. For example, Malaysia has been
experiencing flood events during the north-east monsoon season, especially, in
November and December every year. Recent severe disasters include the flood in
Kelantan in December 2014 (Tahir et al., 2017, Gasim et al., 2015). Flash flood and
landslide disasters have repeatedly occurred in the surrounding areas of Kuala Lumpur

such as at Ulu Klang in 1993 (Althuwaynee et al., 2015, Mukhlisin et al., 2015).

In Malaysia there are two government agencies that are responsible to monitor
rainfall events which are the Department of Irrigation and Drainage (DID) of Malaysia
and the Malaysian Meteorological Department (MetMalaysia) (MMD, 2017). The
DID is responsible to prepare the information regarding hazard level and disseminate
it to the government, private sectors and publics sectors (DID, 2009). For this purpose,
the DID monitors the rainfall events 24 hours a day. The MetMalaysia is responsible
to report current weather conditions and issues weather for forecast. Currently,
MetMalaysia operates long range, conventional C-Band and S-Band weather radars

(Adam and Moten, 2012, Mahyun et al., 2014).

In 2009, an X-Band mobile radar which was not polarimetric system was
introduced to Malaysia as the first X-Band weather radar in the country, which was
demonstrated at Langkawi International Maritime and Aerospace Exhibition (LIMA).
The same X-Band mobile radar was used by the MetMalaysia to evaluate the effects
of cloud seeding experiments in 2010 when Malaysia was suffering from significant
decrease in rainfall due to El Nino phenomenon off the coast of Peru in the eastern
pacific (MetMalaysia, 2009, MetMalaysia, 2010). However, there has not been any

additional project on X-Band weather radar conducted up to today.



1.2 Problem Statement

In the context of disaster preparedness, an early warning system is the
fundamental means that has been implemented to prevent or mitigate damages and
losses of property and life caused by disasters. Early warning systems can make big
contributions to reduction in the burden of the response and recovery phases, if prompt
and accurate (Khalid and Shafiai, 2015). As flood often occurs and become a major
disaster in Malaysia, the studies on flood management system are actively in the centre.
One of the demands in implementing the effective flood management system is the
desire on processing and providing the disaster information such as rainfall data, the
disaster area and many more (Khalid and Shafiai, 2015). Meanwhile, one of the
strategies to acquire the knowledge for flood management system are by using the
monitoring networks and information systems where it can provides the data related
to the disaster in real time and accurate (Mansor et al., 2004). From the review of
exploring and managing flood disaster from Malaysian perspective by Yusoff et al.
(2018) saying that the utilization of technology in disaster will lead the effective and

efficient problem solving.

However, disaster information such as rainfall data that commonly used and
applied in Malaysia are using telemetric rain gauge that been handled by DID.
Although, MetMalaysia have bought the 3 cm X-Band mobile radar, still there is no
available official report or technical papers discussed regarding the application of X-
Band radar in Malaysia. Apart from that, there is no X-Band polarimetric radar system
available in Malaysia until today for a better nowcasting as well as for forecasting.
Therefore, the aim of this research is to establish the X-Band polarimetric radar system
framework for rainfall estimation in a selected local area, primarily intended for the

applications in disaster risk management.

1.3 Research Objectives

Therefore, in this research to attain the aim, there are three specific objectives

as follows:



1.4

To identify the X-Band polarimetric radar rainfall estimation system
framework components as well as its approach in Disaster Risk Management
(DRM) and evaluates the current weather radar monitoring systems in

Malaysia.

To establish requirements of X-Band polarimetric radar rainfall estimation

system framework for DRM.

To evaluate and analyse the X-Band polarimetric radar rainfall estimation

system framework in selected localised area.

Scope of the Study

The research was conducted within the scope as follows:

This research was focused and designed to develop, evaluate, and propose a
framework of X-Band polarimetric radar rainfall estimation system for

Malaysia.

This research was focused on the X-Band polarimetric radar data conversion
to readable format and its analysis for rainfall estimation. The system includes
hierarchical data dissemination protocol and geographical presentation of the

data.

Real X-Band polarimetric radar data collected in Kagoshima City, Japan, and
actual rainfall data collected in the vicinity by Automated Meteorological Data
Acquisition System (AMeDAS) stations were used in the study. There has been

no X-Band polarimetric weather radar in operation in Malaysia until today.

The data collected in Japan were processed by using DPPC server that have
been set up in Japan ASEAN Science and Technology Initiative Platform
(JASTIP) office, at MJIIT-UTM-KL



1.5  Significance and Contribution of the Study

The significance and contributions in knowledge of this research are as follows.

1. Accumulation of more comprehensive knowledge to understand the
advantages and disadvantages of X-Band polarimetric radar technology in

rainfall estimation as well as the implementation requirements in Malaysia.

2. The research outcome presents the framework that processed the raw radar data
and convert the data into rainfall intensity with high resolution which can be

applied to Malaysia and elsewhere.

3. Once the X-Band polarimetric radar is installed in Malaysia, an integrated
system of data acquisition, accumulation, and storage, conversion to
engineering units, visual presentation, and appropriate accessibility

classifications will be ready for use.

4. The processed rainfall data from this framework can be utilised for
hydrological model development or improvement such as flood prediction

model.

1.6 Thesis Structure

Chapter 1 - This is the introductory chapter, and it provides an overview of the
research. It starts with identifying the research context and research problem.
Furthermore, the research's aim and objectives, as well as its scope, are identified.
Before concluding with the Chapter Summary, the significance and contribution of the

study are discussed.

Chapter 2 - This chapter contains an expanded section from the research background.

This chapter's review began with a discussion of the importance of rainfall events in



the disaster field. Following that, the cause of the rain-induced disaster and rainfall
monitoring in Malaysia are discussed. There is also a review of a weather radar system
available in Malaysia. The weather radar characteristics have been reviewed in order
to gain a better understanding of weather application for disasters. In addition to the
system, the use of X-Band polarimetric radar is demonstrated. The framework and
components which are Storage Segment, Analysis Tools and Visualization of the X-
Band polarimetric radar system are then examined. This chapter concludes with a

summary of the chapter.

Chapter 3 - The chosen methodology and the steps involved in achieving the study's
objectives is describe in this chapter. The method defines how the data are gathered,
organized, and processed and produce the results. In this research, the author proposes
the research approach which is Design Science Research Process (DSRP) that consists
of six activities which are 1) Problem identification and motivation, 2) Define the for
the solutions, 3) Design and development, 4) Demonstration, 5) Evaluation and 6)
Communication. All the activities are following seven guidelines and the three-design

cycle that have emphasis by DSR research communities to achieve research objectives.

Chapter 4 - This chapter first describes the rainfall data collected from the X-Band
polarimetric radar and the ground data by AMeDAS system in Kagoshima city.
Following, data collection analysis was demonstrated, which included rainfall analysis
and reliability analysis. Further, the analysis result is validated to ensure that the results

are effective. This chapter concluded with a summary of the chapter.

Chapter 5 - In this section, all the research objectives achievement for this research
are concluded. Some recommendations of futures studies are elaborated and end with

chapter summary.

1.7 Chapter Summary

This chapter provides an overview of the research in the field DRM. By

focusing on rainfall estimation issues and the advancement of radar technology for



disaster prevention, there is a need to apply the X-Band polarimetric radar for the
localised area in estimating accurate rainfall data. However, because this is a new
approach that has been studied for Malaysia, there are some limitations of this research
that have been highlighted. This chapter also discussed the importance and

contribution of this approach, particularly in Malaysia.
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