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ABSTRACT 

 
Over the last decade, flooding has been one of catastrophic disaster which causes economic damage, lost 
life and environmental deprivations. The need for flood prediction is rising since the decision maker lacks 
intelligent tools to predict flood areas. The data mining and geospatial visualization will test the temporal 
data which include river flow and rainfall data to find patterns and new information which then will use to 
predict areas that expose to flood. Since Terengganu situated at east peninsular, every year in October to 
March will be having heavy rainfall and increasing of sea levels .To this extent, we propose a framework to 
support flood prediction which the outcome will intention to better manage floods through prevention, 
protection and emergency response. 
 
Keywords: Data Mining, Association Rule, Geographical Information System(GIS), Flood Area 

Prediction, Hydrology 
 

1. INTRODUCTION  

 
  Data Mining is a knowledge discovery 
which extracting large data into useful information 
by analysing data from different perspective and 
summarizing it. The increasing of computing 
power, massive data collection and storage and 
along with data mining algorithms will help to find 
correlations or patterns. Nowadays, we have 
infinite data but lacking in useful information. IBM 
stated that every day we create 2.5 quintillion bytes 
of data which 90% of the data in the world has been 
created in the last two years. So we need data 
mining to excerpt into new knowledge. On the 
other hand, due to the advance of the technology, 
the interest in Data Mining (DM) which part of 
Knowledge Discovery in Database upswing swiftly 
and help to solve many problems in business  
science and also disaster management [1]. The raw 
data contain pattern and trends and other valuable 
information which DM will help to extract high-
level information for the decision-maker. The goals 
of discovery are prediction and description of data. 
The prediction will predict the future behaviour of 
some entities and Description will present the 
pattern to a human-understandable form [2]. 

 
Data mining in predicting the natural 

disaster is very useful and being used by many 
scientists in this day and age [1, 3, 4, 12, 13]. As a 
matter of fact, we are at the whim of nature. The 
human need is to consume a large volume of 
disaster situational information. It is very time 
consuming when a quick data needed, but still we 
need to collect information by reading and 
assimilation situational information where there are 
high probability of exposure to redundant and 
repetitive information. Aforementioned, the 
information should synthesize from heterogeneous 
sources, be tailored to specific contexts or task at 
hand, and be summarized for effective delivery, and 
be immediately useful for making decision [3].In a 
recent publication of the International Journal of 
Emergency Management, experts such as Adam 
Zagorecki of the Centre for Simulation and 
Analytics at Cranfield University UK point to the 
increasing abilities of data mining in the wake of 
natural disasters. The unstructured and structured 
sources will undergo the data mining process to 
gain new information. This source will lead a 
creation of a model so that those involved can more 
effectively deploy strategies of mitigating damage.   
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The changing of physical characteristics of 

the hydrological system caused a lot of natural 
phenomenon, whereas flood is one of the major 
problems which cause economic damages and 
affect people’s life. Calamitous flooding is a major 
security concern in Malaysia. Flood generally 
develops over a period of days, when too much 
rainwater does not fit in the rivers and spreads over 
the land. Coastal areas are also at risk from sea 
flooding which happen recently in Kelantan 
because when the storms and big waves bring 
seawater into the land then flood occurred.  

 
This study focuses on east of Malaysia 

where Terengganu becomes the study area. 
Terengganu is one of East Coast Malaysia state that 
faces flood problems during monsoon seasons. 
Terengganu experienced heavy rain when the 
northeast monsoon blows between November and 
March. Some areas suffered flooding during this 
period of time and it is inadvisable to visit any of 
the offshore islands as sea can be very rough. This 
natural phenomenon is insurmountable, but can be 
avoided if there are hasty alert to the community.  

  
Terengganu has 70% lowlands and 30% 

are always exposed  to flood. It is 3000m from sea 
levels and the flood usually to occur on monsoon 
season starting from October to March where the 
northeast monsoon brings heavy rainfall. Since 
1990, Terengganu record high rainfall and river 
water level during the season. Moreover, in 2014 
flood caused more than $78.2 million cover on 
private houses, infrastructures, facilities and 
department buildings [19]. In December 2014, the 
most unscrupulous flood happens at the Kelantan 
state where 150,000 people from 36,000 families 
need to move to 309 safe locations [26].  The 
research carried out by studying sample data on 
river flow density from Terengganu main rivers. 
The flow density and flood areas during monsoon 
season will be under investigate to discover the 
association between two events. The goal of the 
research is to predict high possibilities of an area 
having flood disaster, so that any casualties of 

adverse impact can be avoided.  

This study focuses only river floods. 
Rainfall over an extended period and an extended 
area can cause major rivers to overflow their banks. 
The water can cover enormous areas. Downstream 
areas may be affected, even when they didn’t 
receive much rain themselves. This the normal type 
of flood happen during monsoon season due to the 

high intensity of a rainfall. Flash floods are also 
common things in Malaysia. However, flash flood 
is not covered in this research as different elements 
that contribute to the flood types. 

2. RELATED WORKS 

In hydrology, hydrologist has gained 
attention in data mining because the hydrology field 
has very data-intensive domain and believe can 
solve selected hydrology task [4]. In fact, data 
mining will develop an efficient algorithm for 
discovering patterns in data and useful rules. 
Previous work [5] detects a flood pattern using a 
sliding window technique and temporal database, 
historical data and experimental results showed that 
by employing a regression technique, mathematical 
flood prediction were formulated. Neural Network 
also increasingly used in hydrological research 
where autocorrelation of time series and 
precipitation field past measure of flows and 
rainfalls [6, 7].  
 

The forecast obtains by weighting 
predictions and neural predictor identified through 
a fuzzy approach of basin state. Besides, realizing 
predicting the flood event is extremely important 
whereby decision support also can be applied [8, 9]. 
A Web GIS (Geographical Information System) 
based decision support system has been developed 
and able to dynamically display observed and 
predicted flood extent for decision makers and 
general public. It is the combination of data 
integration, floodplain delineation and online map 
interfaces to show up the output [8].  

 
 

 

Figure 1: Data Mining In Disaster By Subject Area 

Based on research that composed in 
comprehensive database [27], fig. 1 show 
percentage of the past ten years for flood 
predictions in Computer Science where the scientist 
tries to find the solution through computer aided.  
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Hence, the research to find a solution for the 
problems increases in demand, especially in the 
physical science field and in fact the result obtain 
more logical and accurate. 

 Fig. 2 showed the country/territory which 
conducts an experiment to find correlation between 
flood and mining data. China, which is the top 
country always face terrifying flood which affect 
people’s life and economical state [9]. 
 

 
 

Figure 2: Data Mining In Disaster By Country 

 
 In Southeast Asia, various countries have 

been affected by floods with Malaysia topped the 
list. Due to the bad weather and dangerous level of 
water level, it then forced almost 237,037 people 
displaced to a safe place. Malaysia has been 
recorded 21 fatalities until December 2014 [19]. In 
2014, Terengganu faced 3 waves of flood during 
monsoon and caused 68,184 evacuate by the 
authorities [18]. Since the 2014/2015 five peoples 
are dead in Terengganu due to flood. Above and 
beyond, infrastructure failure and damage are $3 
million include roads, buildings, parks, etc. Our 
focus on the study is concern flood happening 
because of high levels of water at river banks. The 
study areas encrustation flooding for a long time 
and has been a significant problem. Fig. 3 shows 
the study areas of this research. 

  
 Terengganu is one of the countries in 

Malaysia which experienced devastating flood 
every year. The Department of Irrigation and 
Drainage report that approximately 29,800 km2 or 
9% of the total Malaysia area were estimated 
exposed to flood. It is affecting 4.82 million people 
from the total population of the country because 
Malaysia located at low land and has 189 river 
basins. 

 
 

Figure 3: Area Of Study 

 
3. METHODOLOGIES 

 
The fundamental process of data mining 

process including data collection, data cleaning / 
transformation, data integration, data analysis will 
be conducted to build a geo-simulation model to 
support flood prediction. 
 
3.1   Data Collection 

 
Several government bodies have been 

identified as a main resources for a flood 
management (before, during, after) in Malaysia. 
There are: 

i. Department of Irrigation and Drainage 
(DoID)  
(http://www.water.gov.my/) 

ii. Malaysian Meteorological Department 
(MetMalaysia)  
(http://www.met.gov.my/) 

iii. National Security Council (NSC) 
(https://www.mkn.gov.my/) 

iv. Department of Social Welfare (DoSW) 

(http://www.jkm.gov.my/) 
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DoID is responsible for the rehabilitation 
of irrigation works in early year. In 1970/71, severe 
floods occurred in many parts of West Malaysia 
and the situation was so serious that a national 
disaster had to be declared on January 5th. 1971. 
Subsequent to this occurrence, flood mitigation and 
hydrology was made an additional responsibility of 
the DoID from 1972 onwards. Now, flood 
management is one of the main task to do by 
monitoring rainfall distribution and river density. 

 
MetMalaysia is assign to fulfil the needs 

of meteorological, climatological and geophysical 
services for national security. Its main tasks are 
included monitoring rainfall distribution and 
weather forecasting.  This body will produce early 
warning for any type disaster base on their 
scientific data collection and expertise. Meanwhile, 
NSC is responsible as the secretariat and main 
committees at the Federal and State level on issues 
involving national safety, public safety and crisis 
and disaster management. They managed the rescue 
operation at the time of the events. As a member of 
the National Disaster Management and Relief 
Committee, DoSW is responsible for the work of 
aid delivery and recovery of disaster victims. It has 
four (4) main roles and responsibilities: 

 
i. Preparing and maintaining 

evacuation centers 
ii. Distributing donations of food, 

clothing and other necessities. 
iii. Manage victims recovery 
iv. Provide guidance, advise and 

counseling services 

The research is focus collecting spatial 
data between Novembers to January (monsoon 
season) each year.  Some of the sources needs for 
this study are: 

 

• river water levels data 

• historical rainfall 

• historical river height  

• flood areas 

Figure 4: River Water level 

 
Fig. 4 shows an example of data needs to 

be analysis from Terengganu State Government 
(TSG) Portal. 
 

Table 1 : Overview of data sources 

 
 

Table 1 shows summarized of data availability 
for each agency. However, from our pre-
requirement analysis, we found data are scattered 
amongst those agencies. Therefore, it becomes one 
of the main challenges to integrate and ensure the 
consistency data for each data provider.   
 

However, TSG had produced a portal that 
contain several crucial information on flood 

Source Perio

d 

Attributes Data 

Type 

Station 

informat

ion 
DoID 2000- 

2015 
-Station 
name,  
-River level, 
-Rainfall data 
- Flood Area 

Hourly 
Data 

All station 
around 
Terenggan
u. 

MetMala
ysia 

Past-
2015 

-Weather 
forecast, 
-Temperature, 

Hourly 
Data 

States of 
Malaysia 

National 
Security 
Council 
(NSC) 

Past- 
2015 

-Flood report,  
-Flood stage 

Monthl
y Data 

State of 
Malaysia 

Terengg
anu 
Flood’s 
Report 
Portal 
(Run by 
Terengg
anu State 
Govern
ment) 

2010-
2015 

-River level,  
-Rainfall Data  
-Traffic 
movement  
-Flood 
victims data 

Hourly 
Data 

All station 
around 
Terenggan
u 

DoSW  1. Number of 
relief center 
2. Number of 
victims 
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disaster  (http://etindakan.terengganu.gov.my/). Fig. 
5 showing the river water level in the portal (data 
from 2001 onward) and Figure 6 shows the rainfall 
distribution in Terengganu areas. Both data are 
crucial to the research because this will be the main 
parameter to perform mining algorithms.  

 
 

 

Figure 5: River Water Level Data 

  

Figure 6: Rainfall Data 

 Our aim is to integrate all the multiple-
source data sets into a single intelligible and 
consistent data repository to conduct a 
comprehensive analysis. 
 

3.2   Data Cleaning and Transformation 

 

The collected data will be analysed and 
processed to get the most useful and relevant data. 
The raw data are in heterogonous formats (word, 
pdf, excel, web) and need to extract into 
manageable records. The data will be evaluated 
through data completeness whereas we will use 
statistical measure such as parameter mean or 
median or decision tree to complete the unvalued 
data. So, the expected values are predictable. Then, 
the data from different sources will integrate in a 
logical manner to eliminate data redundancy and 
detect any value conflicts.  

 
When the secondary data become the 

sample data, the whole data will be rearranged 
according the year of monitoring and stations. GIS 

data will be used to predict the area around the 
flood coordinate. GIS is a tool to help create maps, 
integrate information, visualize scenarios, present 
powerful ideas and develop effective solutions by 
using latitude (3o 53’U - 5o 50’U) and longitude 
(102o 23’T – 103o 30’T) of the study area. Those 
data will be transforms and extracted to structured 
format (DBMS).  

 

3.3   Data Integration 

 

 Data integration is the process where 
multisource data will be combined and transform 
into an organized format. As the parameter of flood 
studies is scattered in the research, this process is 
critical to ensure the consistency and credibility of 
data, thus ensure the accuracy of mining results. 
Fig. 7 is showing the integration of data between 
multiple agencies to create a single consistent data 
source. 

 

 
  

Figure 7:Integration Of Data 
 

3.4   Data Analysis 

 

 Information regarding an accurate 
estimation of extreme events such as flood 
magnitudes and their frequency of occurrence is 
great importance in the planning, designing, and 
management of hydraulic structures such as dams, 
spillways, culverts, and storm water management 
systems. Recent catastrophic floods in Australia, 
Brazil, Pakistan, Thailand and United States call for 
reliable flood forecasts and long-lead times so that 
we can better prepare and respond to disastrous 
events [20]. 
 

Association Rules (ARs) are one of Data 
Mining (DM) techniques that recently used in 
several analyses of disaster events. It has become 
one of a major algorithm in data mining research in 

Parameter:  
 
River Water 
Level 
 
Rainfall 
Distribution 
 
Flood Area 
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order to find a pattern of an element that influences 
other elements. Early researches in ARs are focused 
on market analysis finding of an item that have 
correlation between one and others. It is important 
to determine a strategy to predict customers’ needs. 
Bala [21] study a negative AR using 8,418 sales 
transactions for 45 grocery items was collected 
from various retail outlets. A relation between each 
item is figure out using negative ARs. ARs also 
have been used for predicting the factors of 
catastrophic events. Lee et, al. [22] tried to find the 
unknown characteristics of earthquakes using AR 
mining methods global earthquake data occurred 
since 1973. Dhanya & Kumar [23] are applying 
ARs to predict floods in India using climate inputs.  

 
The general concept of ARs is followed: 

Let I = {I1, , I2, ...,Ip} be a set of p items 
and T = {t1, , t2, ...,tn}be a set of n transactions,  
with each ti being a subset of I. An association rule 

is a rule of the form X→Y, where X and Y are 
disjoint subsets of I having a support and a 
confidence above a minimum threshold [24].  

 
Let us denote by |X , Y| the number of 

transactions that contain both X and Y. The support 
of that rule is the proportion of transactions that 
contain both X and Y: sup(X→Y) = |X , Y| / n. This 
is also called P(X, Y), the probability that a 
transaction contains both X and Y. Note that the 
support is symmetric: sup(X→Y) = sup(Y→X). 

 
Let us denote by |X| the number of 

transactions that contain X. The confidence of a rule 
X→Y is the proportion of transactions that contain 
Y among the transactions that contain X: 

conf(X→Y) = ∣X , Y∣ / ∣X∣. An equivalent definition 
is: conf(X→Y) = P(X,Y) / P(X), with P(X) = |X| / n.   

 
Following the success of ARs research 

accuracy results, we hope the research can find a 
pattern of flood areas in Terengganu based on river 
flow density. As a result, the output of the research 
is hoped to be used as an early flood alerts 
mechanism to mitigate the adverse impacts of 
monsoon variability and avoid casualties. Fig. 8 
shows the conceptual framework for the research. 
  
 The purpose of designing this framework 
is to guide the research with the concept and 
methodology that being used. The framework has 
four layers which each layer crucial in carrying out 
the research. The first layer show the departments 
that supply data, which the data are not in a ready-
used since some of them provide us the graphs, 

chart which need to interpret first into reliable 
dataset. Then, the second layer indicates the dataset 
need for this research. Next layer is the process 
where this research took part. The phases start with 
the data collection and cleansing. The data which 
have the redundancy, incomplete, corrupt, duplicate 
will be scrubbed and alter to make sure the data is 
consistent, harmonize and help the research 
produce an accurate result in layer four which is 
flood prediction model.   
 
 

 
 
Figure 8: Conceptual Framework For Flood Prediction 

Model 

 

4. EXPECTED RESULT 

 
  River water levels and rainfall 
measurements are two parameters that be selected 
for this study. There are 38 river/rain stations along 
Terengganu area its main tributaries ranging from 
year 2009 until 2010. Then it will integrate with 
common flood areas. GIS application will be used 
to find others potential in flood areas near to the 
Terengganu main rivers and area nearby stations.  
 

It hopes that certain patterns of flood areas 
will be generated by using ARs. This is important 
expected find out as it becomes an input for 
predicting spot of flood occurrence. Hence, it 
develops an early warning mechanism to ensure the 
communities obtain fundamental information 
before disaster happen.  

 

River level Rainfall data Flood Area 

Data collection/ 
cleansing 

Data  

integration 

Association  
Rules 

NSC MET DoID TSG 

Flood Area Prediction 
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5. CONCLUSION AND FUTURE WORK 

 
In this paper, we presented an approach to 

predict potential flooding area using spatial data 
and GIS. This study aims to inaugurate data mining 
paradigms with novel geological visualization with 
the help of intelligent computer involving software 
proxies. First, we integrate data to produce patterns 
and association between variables. This research 
provides the foundation for a revised data mining 
techniques that can result in enhancements in the 
preclusion, alleviation, response and salvage from 
flood events of Terengganu. The future works 
should consider integrating more variables to make 
a prediction better and more precisely. 
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