COPYRIGHTINTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

FLOOD INUNDATION MODELLING USING
GIS SPATIAL ANALYST:
CASE STUDY OF PEKAN SUB-DISTRICT, PAHANG

BY

MUHAMMAD SHAHEED BIN SHAMMODIN

A thesis submitted in fulfilment of the requirement for the
degree of Master of Science (Biosciences)

Kulliyyah of Science
International Islamic University Malaysia

DECEMBER 2018


http://www.google.com.my/url?url=http://www.iium.edu.my/educ&rct=j&frm=1&q=&esrc=s&sa=U&ei=KHqFVJaTIZKyuATNwoGoBw&ved=0CBMQFjAA&usg=AFQjCNH8CPBB4-yr6XSF1EeEZS5f3iT02w

ABSTRACT

A flood modelling study was carried out focusing on flood prone area, Pekan sub-
district, Pahang. 3-dimensional inundation map model was used to simulate and predict
flood affected zone within the area. The observation of inundation pattern mainly
highlights the relativity between land topography with surface water level from
Department of Irrigation and Drainage (DID) gauge station of Pahang River located at
Pulau Jawa pump house. Methods involved of processing multiple types of spatial
information gathered from remotely sensed data within a GIS environment. Data was
collected from close and open source provider for the input during modelling process.
A set of satellite imagery and digital elevation data was used to build a 3D spatial
features of Pekan sub-district. Normal gauge reading of Pahang River was identified
from DID infobanjir website at 1.0m and the hazard level increase at 2.44m, 3.05m, and
finally 3.66m. Multiple water body layers were populated based on these data and flood
pattern was observed until 5.50m gauge reading projection. 3D terrain model was
created with assimilation of terrain information from digital elevation model. Water
body offsets projection were generated and flood was observed in stereo mode within
GIS software. Pekan sub-district was tessellated into square grid networks of 250m?
each. The technique allows identification of flood affected region in relation with water
level offsets in simulation. Affected grids were assigned with different color codes for
user recognition purpose. A set of feature class were created which represent important
infrastructures especially main routes, community halls, hospital, and schools. This
supplementary information could be used to assess the rate of habitability and
accessibility during flood. Finally, DID historical datasets comparison together with on-
site surveys were carried out to determine and validate the outcome of the simulated
inundation model with real flood situation. According to SRTM raster data, it is found
that Pekan sub-district has about 50% of terrain between 0-10m level. These areas are
the most prone to flooding due to accumulation of stagnant water which naturally will
be concentrated on low lying ground verified using watershed analysis. With simulation
and supporting historical datasets and digital images, Pahang River expansion is not the
real caused of flood spread over this region. This study was aimed to produce a flood
prediction model that deliver interface that can be understood easily by any level of
audience. It will help in earlier preparation especially for the locals if flood were to be
discovered in the near future. Information provided on affected region and
infrastructures that were emphasized will allow systematic planning and support flood
relief committee in emergency period.
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CHAPTER ONE

INTRODUCTION

1.1 GENERAL

Natural disaster is comprehended as turmoil, mess, or disturbance that is caused by
Earth natural activities. It can be described into four classes which are climatological,
geophysical, hydrological, and meteorological disasters (Guha-Sapir et al., 2012).

Death from floods had the largest share of natural disaster fatalities in 2013
representing 45.4% of global disaster mortality. In June 2013, 6,054 deaths were
reported due to monsoon flood in India (Guha-Sapir et al., 2014). Putting deaths aside,
heavy floods also lead to an economic damage in which it could cost up to billions of
dollars. These numbers show how the catastrophe will impact a whole nation, due to
the severe economic loss.

Most of big cities around the world reside near rivers or floodplain areas. This
is because historically, humans are known to settle down near the riverbank areas. The
locations are strategic as source of foods and fresh water. Over decades, the growth of
economic transactions activities has greatly improved. Urban areas like Kuala Lumpur
(Malaysia), New York (US), Incheon (South Korea), Tokyo (Japan), and Dhaka
(Bangladesh) are the results from rapid development over riverine areas.

Although flood issues are well informed by the flood prone communities, the
level of awareness are still lacking. Rather than moving to other safer locations, people
have learnt to cope and to adapt with such situations. According to Adger (2004), a shift
in paradigms is observed from a technical oriented flood protection towards flood risk

management, and the change in focusing from ‘impact-led” approach to ‘vulnerability-



led’ approach and living with the risk are already recognized. The recent advancement
in technologies gives the most impact for the change on that ideology.

Flood study and assessment are very important on areas where risks are
significant. Every aspect including the source, causes, mapping, and management have
to be analyzed carefully to get accurate results. For example, a study on Ara Damansara
River basin, Kuala Lumpur, has been carried out to model flood over urban areas
(Alaghmand, 2012). The simulation based flood model uses hydraulic and hydrological
datasets and visualize the impact of flood with GIS approach.

Higher quality datasets nowadays ranging from satellite imagery, terrain model,
weather forecast, and hydrological data are mostly reachable with ease of access. The
availability of advanced software packages is now capable to process the data precisely.
These accurate information is crucial for a comprehensive flood risk management (De
Bruijn et al., 2015). These resources are manipulated for the betterment in current flood
management strategies development.

Initiation to assess the risk of flood are mostly led by the government and carried
out by educational institutions and private sectors. Flood studies consisting Geographic
Information System (GIS), hydrological, and meteorological datasets were introduced
not too long ago to produce flood mapping. Applications of GIS in flood mapping are
boundless but the main essential is to minimize the fatalities and economic loss of flood
prone areas.

Several types of remote sensing datasets will be utilized within this study. These
data were captured via satellites or airborne. Drone images are the latest trend to date
that offer high resolution images but with setback in sensors availability. Hence, data

usage are limited for original plan view mapping services.



The quality of 3D GIS model map to be produced depends heavily on the
resolution of acquired data for an exceptional model visualization. Other spatial
information and supporting data on the study area will be used to simulate inundation.
Finally, assessments on areas exposed to flood as well as prediction on its pattern are

made possible.

1.1.1 Definition of Flood

Flood is generally defined as water which overflows its confined area or water body
that spreads to the land area. Definitions also differ among hydrologists, GIS analysts,
and other experts. This is affected by their own working environments and fields of

expertise which led to their own unique perspectives over this subject.



Table 1.1 Different version of flood definition by researchers

Researcher | Flood Description

Jarvis, 1925 | A relatively high flow as measured by either gauge height or
discharge rate whenever the stream channel in an average section is
overtaxed, causing overflow to the usual channel boundaries, the
stream is then said to have flood stage

Linsley, The result of runoff from rainfall and/or melting snow in quantities
1949 too great to be confined in the low water channels of streams

Ward, 1978 | Flood is a natural phenomenon and the terminology is explained as a
body of water, which rises to overflow land that is not normally
submerged

DID, 2003 | relatively high stream flow which overtops the natural or artificial
banks in any part of a stream, river, estuary, lake or dam, and/or
overland runoff before entering a watercourse and/or coastal
inundation resulting from super elevated sea levels and/or waves
overtopping coastline defenses

Aliasetal., | the geographical characteristics, unplanned urbanization, and the
2016 proximity to the South China Sea, leaves East Coast of Peninsular
Malaysia vulnerable to monsoon flood

There is a generic consensus on how flood is explained. Researchers agreed that
the main reason of flooding is due to river overflow from excess of water causes by
rainfall or melted snow (Table 1.1). Criss & Shock (2001) added on the engineering
structure as attributes to flood. While in Malaysia, flood is always linked together with
monsoon season. On another note, anthropogenic factors also play major role to

intensify flood situations (Howe & White, 2010; Arrighi et al. 2018).



1.1.2 Flood in Malaysia

Malaysia generally is enclosed by over 4800 km of coastlines and the weather along
these coastlines is influenced by convective rain, while the rainfall distribution is greatly
influenced by topography and monsoon winds (Ching et al., 2013). Major flood in the
East Coast of Peninsular Malaysia usually comes around November to March. Seasonal
changes between continents result to pressure differences which finally form the world
wind system. North East monsoon season originated from cold air that moves out from
Siberia as North West wind and then changes upon arriving China coast before heading
down to Southeast Asia (MMD, 2012).

The most recent flood tragedy occurred in 2014 which struck mostly the East
Coast states. A week-long heavy downpour came in November on the coastal stretch
with 800mm precipitation. In addition, over 1100mm precipitation recorded in just two
weeks in December had worsen the flood situation (Ooi et al., 2017) where extreme
rainfall that occurred over inland and mountainous areas contributed to the extensive
damages on vulnerable areas, Pekan sub-district and likewise.

The root causes of flood are generally the similar. Board of Engineers Malaysia
(BEM) explained several key elements that contribute to flood which are localized
rainfall on small areas, tidal backwater effect, siltation and inadequate river capacity,
failure of dams and drainage system; and increased runoff from uncontrolled
urbanization (Wing, 2004). Regardless, the main cause of flood was extreme rainfall

during monsoon season in Malaysia (Colin et al., 2010; Suhaila et al., 2010).



1.2 INTRODUCTION TO THE STUDY

Pekan sub-district (Figure 1.1) has a total area of 182.74km?2 which is located in Pekan
district of Pahang. This region is one of the four East Coast states in Peninsular Malaysia
that is susceptible to flood. It covers most part of the Pahang river estuary, the longest
river (477.97km) in Peninsular Malaysia, which originates from the Main Range of

Titiwangsa.
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Figure 1.1 Digital map of Pekan sub-district



The climate is equatorial, with uniform air temperature throughout the year,
varying from 24°C to 28°C with an average relative humidity approximately 80%
(MMD, 2016). Almost every year during monsoon season from November to March,
this area is exposed to flood, as precipitation quantities for these months are abnormal
(Lun et al. 2011; Basri et al. 2016). The flood that is caused by heavy rainfall during
this period is termed as monsoon flood.

Pekan sub-district was chosen for this research because it was an area prone to
flood considering the location itself at the river basin of Pahang River. Additional
conditions include its low topography, monsoon season, river overflow, and tidal
behavior which are the natural causes of flood (Mohit & Sellu, 2013). Economical
activities and recent developments have also grown rapidly within the area. These assets
are increasingly located on land exposed to hazards due to lack available space and
rapid development, and thus, potential economic exposure has also increased over time
(Gencer, 2013). Flood study was therefore prominent to reduce the scale of economic
loss with efficient risk management (Safi et al. 2016).

This study which focused more on GIS approach provided necessary spatial
information on areas inundated during flood. The final product from this research was
a map model that could be easily comprehended by public users. This information is

necessary in mitigating, preparing, recovering, and responding to flood disaster.



1.3 RESEARCH OBJECTIVES
This research was conducted to produce a flood inundation model with public
information map or data (unrestricted) focusing on GIS approach. These were the sub-
objectives to be fulfilled during the designated research period;
I. To produce a 3-dimensional (3D) map modelling using GIS spatial analyst.
ii. To simulate flooding and determine the inundation pattern of Pekan sub-
district based on Pahang River water level.

iii. To identify and locate flood affected zones.

1.4 AIM OF THE STUDY

The aim of this study was to introduce a different approach on flood map which was
not only cost effective but also acceptable as legitimate reference model. By fulfilling
the stated research objectives, an accurate inundation model was produced from
investigating the consistency between 3D flood simulations with actual situation over
Pekan sub-district. Hence, 3D inundation map models will become a user entrusted
product for flood related situations.

Using readily available resources on most flood prone areas, river hydrology
especially from DID (Department of Irrigation and Drainage Malaysia) ‘infobanjir’
website and decent computing powers, manipulation of these information can actually
depicts flood on serious event. 3D modelling will produce a comprehensive model with
historical, live or future demonstration of flood affected zones especially on the higher
risk areas through simulation. Through simulation, a simply understood digital map will

also encourage communities to raise their awareness against flood.



This study also aimed to entail the development in flood risk map modeling as
one of the contribution for non-structural approach in Malaysia Flood Management

Committee.

1.5 PROBLEM STATEMENT

Heavy precipitation during monsoon season causes river to overflow on the floodplain
zones. These places have been the most occupied area filled with developments,
housing projects, industrial activities, and center for authorities i.e. Pekan sub-district.
There were plenty of studies on Pahang Riverine concerning flooding over its basins.
But until recently, massive efforts to mitigate and redirect inevitable floods have
resulted in some of the most ambitious engineering efforts ever seen (Zakaria, 2017).

GIS as non-structural approach has been used globally on facing flood issues.
Multiple types of data are utilized to investigate, predict, and simulate flood situations
depending on field of expertise. Researchers have also agreed that low lying ground
areas especially developed areas at river basins are prone to flood. Therefore, terrain
modelling should be utilized together with other approaches in flood studies by
following this sentiment. Moreover, earth terrestrial data are available from remote
sensing technology.

Compared to GIS, structural approach are time consuming, uses a lot of energy,
and costs a fortune. More so, problems may not subside due to inappropriate practice
on flood assessment. Application of flood modelling techniques with GIS software
helps in better visualization for identifying the root cause of flood. GIS flood analysis

should be used as justification before shifting into structural approach.





