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Abstract

This study is focusing on constructing the flood risk index in the Johor river basin. The application of statistical methods such as
factor analysis (FA), statistical process control (SPC) and artificial neural network (ANN) had revealed the most efficient flood
risk index. The result in FA was water level has correlation coefficient of 0.738 and the most practicable variable to be used for
the warning alert system. The upper control limits (UCL) for the water level in the river basin Johor is 4.423m and the risk index
for the water level has been set by this method consisting of 0-100.The accuracy of prediction has been evaluated by using ANN
and the accuracy of the test result was R? = 0.96408 with RMSE= 2.5736. The future prediction for UCL in Johor river basin has
been predicted and the value was 3.75m. This model can shows the current and future prediction for flood risk index in the Johor
river basin and can help local authorities for flood control and prevention of the state of Johor.
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Abstrak

Kajian ini memberi tumpuan kepada pembinaan indeks risiko banjir di lembangan sungai Johor. Penggunaan kaedah statistik
seperti analisis faktor (FA), kawalan proses statistik (SPC) dan rangkaian neural buatan (ANN) telah mendedahkan indeks risiko
banjir yang paling berkesan. Hasil dalam FA menunjukkan bahawa paras air mempunyai pekali Kkorelasi 0.738 dan
pembolehubah yang paling praktikal untuk digunakan sebagai satu sistem amaran. Had kawalan atas (UCL) bagi paras air di
lembangan sungai Johor adalah 4.423m dan juga indeks risiko untuk paras air telah dibentuk melalui kaedah ini yang terdiri
daripada 0-100. Ketepatan ramalan telah dinilai dengan menggunakan ANN dan ketepatan keputusan ujian adalah R? = 0.96408
dengan RMSE = 2.5736. Ramalan masa depan untuk UCL di lembangan sungai Johor telah diramalkan dan nilai tersebut adalah
3.75m. Model ini dapat menunjukkan ramalan semasa dan masa depan untuk indeks risiko banjir di lembangan sungai Johor
dengan cekap dan dapat membantu Pihak Berkuasa Tempatan untuk kawalan banjir dan pencegahan negeri Johor.

Kata kunci: Indeks Risiko Banjir, Lembangan Sungai Johor, analisis faktor, kawalan had tinggi, ramalan masa depan

Introduction
Flood is a major concern as it is one of the most common natural disasters that is faced by many places around the
world. The impact of flood will cause the destruction towards the physical environment, economic and also towards
the well - being of a social structure [1,2]. The magnitude and frequency of flood at various locations around the
world increase as time goes hy.
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The severity of flood conditions in this last century could repeat itself in the future. The increasing density of the
human settlement along the river basin is boosting rapid development and growth in the river basin area. The flood
condition is also exacerbated by the climate change, which affects the rise of sea level [3]. The changes of sea level
will definitely cause changes to the condition of flooding in the future compared to the present condition of flood.
Avreas with moderate probability of flooding will turn to high risk as an effect of the climate change that causes the
rising of sea level. In this research, the flood risk classification of the high potential condition for flood occurrence,
the factors of the flood, and limitation control were being carried out using case study in Malaysia particularly in the
Johor river basin.

The Johor river basin is located in the south of Peninsular Malaysia and the condition of the river basin is flat on the
ground on the surface of the state of Johor except for the upstream of the river basin with the elevations of up to
1010m. There are several tributaries consisted in the Johor river basin and those tributaries are Linggiu, Sayong,
Penggeli, Semangar, Lebak, Telor, Panti, Temboyah, and Permadi.

The government of Malaysia had developed two dams in the river basin which are Linggiu dam and Lebam dam.
This river basin has high humidity condition and uniform high temperature for the whole year. The climate in the
study area varies according to the impact of the monsoon season when heavy rain in the area affects the North-East
monsoon, which occurs from November to March every year [4].

The rate of rainfall is normally higher in the higher elevated area with 2500mm of rainfall per year and most of the
rainfall occurs during the North-East monsoon season. The Johor river basin faces the repetition of flooding due to
the effect of the short period of rainfall, but with very high intensity or from the long period of rainfall with lower
intensity for a few weeks. In addition, the backwater effect of the tidal intrusion will cause the flooding from the
long period of rainfall worsen itself in the mainstream area.

There are series of flooding events occurred in the study area within this 100 years’ time and thus flooding occurred
in 1948, 1969, 1979,1982, 1983, 1987, 1989, 1991, 2004, 2006, and 2007. Most of the flooding events in the study
area occurred during North-East monsoon season where within this period, heavier rainfall will cause large amounts
of sediment as resulted from the runoff along the river bank.

Based on Gasim et al. [5], he explained that in December 2006/2007, the most disastrous flood to ever occur in
Johor of which have caused the total loss of 1.5 billion. This tragedy was the most costly of flooding occurrence in
Malaysia. This happened due to the heavy rainfall within a long period of time, which occurred in the low area and
the condition of the shallow river and high tide level triggered the biggest flooding event. This tragedy caused 110,
000 people evacuated to a safe zone, which was fully supported by the government. However, 18 people were
reported dead in this tragedy.

The flooding event that occurred from the heavy rainfall and the impact of large amount of surface runoff leads to
the large amount of suspended solid flow onto the river bed. This suspended solid becomes sedimentation on the
river bed which leads to the changes of water level depth and turns the river shallow causing the river easily
overflown and causes flooding.

The research in the Johor river basin being continued in this study by focusing on the flood risk pattern recognition
by using integrated statistical analysis. The analysis of flood pattern being carried out in this area for 30 years
started from 1982 to 2012. The purposed of this study is to determine the factor of flood occurrence, to set up the
control limit for flood, to evaluate the accuracy of flood risk prediction and to predict the future control limit for
flood in Johor river basin.

Materials and Methods
Study Area
Johor river basin is situated in the southern part of Peninsular Malaysia with the starting point from Mount
Gemuruh and this basin totally covers an area of 2,700km?. The river flows into the Straits of Johor and the total
length of the river basin is approximately 122.7km. By referring to Figure 1 and Table 1, the basin point begin from
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1° 27°N to 1° 5I’N latitude and from 103°42' E to 104°01' E longitude. It is being covered mostly by rubber
plantation, oil palm plantation and virgin forest. Four monitoring stations were selected along the river basin as
shown in Figure 1 and Table 1 respectively. The variables being used in this study were Rainfall, Suspended Solid,
Stream flow and Water Level. The data has been received from the Department of Drainage and Irrigation from
1982 until 2012. All data being analysed by using XLSTAT and JMP 10 software for integrated chemometric
method, statistical process control (SPC) and artificial neural network (ANN).
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Figure 1. Location of monitoring stations in Johor river basin
Table 1. Location of monitoring stations in Johor river basin
Station No. Latitude Longitude Name of Station Variables
Site 1737001 1°45°50 N 103° 43"10'E  SMK Bukit Besar, Kota Tinggi, Johor  Rainfall
Site 1737551 1°46°50 N 103° 44"45'E  Sungai Johor at Rantau Panjang, Johor ~ Suspended Solid
Site 1737451 1°46°50 N 103° 44"45'E  Sungai Johor at Rantau Panjang, Johor  Streamflow
Site 1737451 1°46°50 N 103° 44"45'E  Sungai Johor at Rantau Panjang, Johor Water Level
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Statistical Analysis / Pre-processed Data: Chemometric Techniques

The chemometric technique is an application of the principal component analysis (PCA) to identify the reduction of
variables into a set of factors for further analysis. According to [6], this method compares sets of data and identifies
the variables that affect the most towards the change of the hydrological modelling in the study area with lower cost
and less time compared to other techniques [7].

Factor Analysis (FA)

PCA is applied in this study to define a large number of variables into smaller sets. Factor analysis variables and
latent construct that are measured will establish the dimension between these two elements and construct validity
evidence of self-reporting scales [8]. It also reduces the number of variables, examines the structure or relationship
between variables, and detects and assesses unidimensionality of the theoretical construct [9]. This method also
addresses multicollinearity (two or more variables that are correlated), which was carried out in this study as well.
The equation for this method was shown in equation 1 below:

Zij = aigxj; + a;2Xj, + aigxjs + aimx (1)

where Z is component score, a is component loading, x is measured of variable, i is component number and m is
total variables

Statistical Process Control

Time series analysis is very important in predicting the water level in the study area. With this method, we were
able to evaluate the process from the performance of the analysed data efficiently. It produced three important
results, which were important in predicting the hydrological modelling in the future, and those results were upper
control limit (UCL), average value (AVG) and lower control limit (LCL). The Sigma in the control chart is
represented within the value range of a set of data. The control chart has the ability to uncover some trends and
patterns, showing actual data deviations from the historical baseline and dynamic threshold, being able to capture
unusual resource usage, and becoming the best base lining to show how the actual data deviate from the historical
baseline [10]. The equation (2) that is used in this analysis was shown below:

Moving Range = Plot: MR, for t=2, 3, ..., m. 2

where MR= average moving range, t is time and m is individual values. An average value was calculating using
equation 3:

@)
where X is moving range, m is individual values and x; is difference between data point

Avrtificial Neural Network

The concept of the human brain has been utilized in Artificial Intelligent and this is also applied as a method in
analysing data and it is called artificial neural network (ANN). This concept was created by McCulloch and Pitts in
1943 make as far as the process is concerned, the weighted sum of the inputs is transferred to the hidden neurons,
where it is transformed using an activation function. Learning process also has back propagation which applies error
distribution, whereby this application can reduce errors up to a minimum level. This technique is used to minimize
error functions and the iteration is terminated when the error function value reaches a pre-defined goal, thus
completing the process. The function is expressed in equation 4 below:

f(x)=1/(1+e-x) 4)
The performance data can be calculated by implementing cross validation to a data set where the algorithm was

terminated during the process and this process was done by using back propagation. The learning ability of ANN
depends on the architecture of the network and the number of hidden units. The size of the network plays a major
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role in capturing the connectivity of the data when the degree of freedom was functioned to capture the connection,
and the size of the network must be sufficient with the degree of freedom or the process will fail. In Addition, a
study conducted by [11] discovered the effectiveness of ANN for rainfall, runoff modelling, and flood forecasting.
The research also highlighted the ability of ANN in predicting river flow and the quality of water downstream,
which were focused on this study as well.

Flood Risk Index Model

The flood risk model has been created from the flood risk index based on a combination of several types of
chemometric techniques, statistical process control (SPC) and ANN method. The formation of this model is to
develop a precise guideline in determining the risk of flooding in the research area. This model is important and it is
a new breakthrough in the study of the risk of flooding in Malaysia and shows the ability sustained in studies done
in the flood of research.

The process of creating the risk index in this research must go through a few processes of statistical analysis. First,
the selection of the best variable to be used in this model was being carried out by applying PCA. The variables
with the highest correlation coefficient will be selected to be used for the next process in the analysis.

After the selection of variable has been made, the determination for control limit value was being progressed by
implementing Statistical Process Control. From this method, the formation of Upper Control Limit value and Lower
Control Limit will able to give a guideline in determining the ratio of the flood risk index in this research. The
Upper Control Limit value is considered an intolerable value for a variable and treated as a high risk condition for
flood. For the formation of flood risk index, the Upper Control Limit value was taken and risk index was calculated
using the formula equation 5 below:

UCLV/X x 100= 70 (Value of High Risk Index) (5)

where UCLV is Upper Control Limit Value of variable, X is the highest value of the data, 100 is the range of risk
index, which is from 1-100 and 70 is significant value of the index for High Risk.

Based on the above equation, the formation of formulas for the risk index is designed to obtain the best risk model
for flood. The flood risk index in this study was ranging from 0-100 where the range of 70-100 was being
categorized as a high risk index for flood. The flood risk index from 35-69 was considered as moderate risk index,
and 0-34 as a low risk index for flood. The selection of range 70-100 was based on the relative strength index (RSI)
where 70 and above is considered as upper bound and an intolerable condition [12].

Results and Discussion
The factors that contribute to flood occurrences
Flood occurrence in the study area actually occurred due to certain factors that caused changes in water level until
beyond control limit. Factor analysis was performed in the study to determine the main factor that caused flood
occurrence at the Johor river basin, and based on the results in Table 2 and Figure 2 it shows that in F1 suspended
solid, stream flow and rainfall were in the same factor with strong coefficient, with the result of 0.699 for stream
flow, 0.980 for suspended solid and 0.738 for water level.

Table 2. Factor analysis result

F1 F2 Initial Final Specific

Communality Communality Variance
Rainfall 0.006 0.147 0.007 0.022 0.978
Stream Flow 0.699 -0.314 0.426 0.587 0.413
Suspended Solid 0.980 0.116 0.665 0.975 0.025
Water Level 0.738 0.142 0.548 0.565 0.435
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Factor loadings (axes F1 and F2: 53.72 %)
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Figure 2. Result for correlation coefficient of variables

This shows that these elements belong in the same factor for flood occurrence compared to rainfall, which belongs
in F2 with a weak coefficient of 0.147. Based on the research [13], they explained that the result of factors beyond
0.7 was considered for interpretation in factor analysis. From this research, it clearly explained that the factor
loading in F1 became the main factor loading for flood occurrence and clearly showed that rainfall was not the
major reason for changes of water Level and contributed to flood occurrence.

Flood Control Warning System

The variable of water level has been selected as the main parameter for the flood control warning system. Compared
to other variables such as stream flow and suspended solid, the water level shows the high correlation coefficient
and the most practical to be taken for parameter in the flood control warning system. The variable is the most
dynamic to become the main parameter for the warning alert system for flood. According to Li et al. [14] in their
study of the dynamic control of reservoir operation also led to the use of water level variable for the flood study in
China.

Figure 3 below explains the result of statistical process control of water level and based on the result, the Upper
Control Limit for water level was 4.423m. The water level at this limit and above can easily initiate flood
occurrence as it is beyond the normal condition of the Johor river basin. The normal condition for water level is
usually within the average limit, which is 3.936 m. On the other hand, the Lower Control Limit for water level was
3.450 m.

The upper control limit of moving range for water level was 0.598 m and beyond this point, it has definitely
initiated the flood occurrence in the research area. The normal condition for moving range of water level was 0.183
m, a range that suits the average limit in a control chart. The Lower Control Limit for a moving range of water level
in the Johor River basin was 0 m and within this range, it was considered to be safe from flood for the time being.

Early flood warning in the study area is important as the research area is a flood prone location. For example, in
2006, a total of 100,000 people were evacuated when the floods occurred in this area. The destruction of physical
infrastructure, millions turned out to be a huge burden on all parties. Based on the record floods in Kota Tinggi, the
flooding has twice recorded flood wave, the first wave of the sinking regions recorded a reading of 4.90 meters, and
the second wave were recorded 5.45 meter [15].
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This reading indicates that the warning system which is still used by the DID should be improved and the results of
this analysis was able to bring change to the formation of an early flood warning system in the Johor River basin.
Production of the Control Limit stated clearly more sensitive and more accurate reading of up to three decimal
points can produce a flood warning system that is more efficient at management and the most economical as well as
easy to operate.

Improvisation of the warning systems in the Johor River basin can also provide benefits to the DID in providing
flood prevention infrastructure in accordance with the new alert level value visualized in Figure 3 clearly shows the
pattern of the water level monitoring station located in Johor river basin.

Individual & Moving Range chart of water level
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Figure 3. Result for SPC of water level in Johor river basin

Prediction for flood risk classification

The range of risk index has been set up and the value of Upper Control Limit is 70 and it was being categorized as a
High Risk class. It is followed by Cautionary Zone class with a range of 35-69, and Low Risk Class with a range of
0-34.

The risks were classified based on the points plotted based on Figure 4 by using Statistical Process Control. It is
predicted that for all points plotted above the Upper Control Limit, it is classified as High Risk class with high
possibilities for flood occurrence. Cautionary Zone class is classified for all points plotted between the Average
Limit line and Upper Control Limit line.

This class is considered for the Local Authority to prepare to take action for any possibilities of flood occurrence
before the water level rises up to High Risk class. The Low Risk class is all the data plotted between Average Limit
line and Lower Control Limit line, and this is being considered as normal condition for Johor river basin, while No
Risk class is classified for the data below the Lower Control Limit line and at this condition, the river basin is
considered to be safe from floods.

From the Figure 4, it explains the risk class for every data plotted for water level in the Johor River basin from year

1982-2012. Based on the result, it shows that 19.31% was being classified within High Risk class with a range of 70
and above, 18.46% of data plotted within the Cautionary Zone class with a range of 35-69, 30.11% within Low Risk
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class with a range of 0-34, and 32.2% being classified within No Risk class. The accumulative for High Risk class
and Cautionary Zone class for Water Level at the research area was 37.77%.

Individual & Moving Range chart of water level

105
95

85

AT -

S S RN

75

6.5 . =

water level

g—
e

55 st 2 - }High Risk Class
}Cautionary Zone Class
}Low Risk Class

}No Risk Class

45 -
353 Tile 351

25

15
40
30 -
20 ! r I T % .

- 1 -
1.0 e - =5 | B .- e o o -
L s T o et e Tl e S S

level)

Moving Range(water

0.0

T L] T L L L L T T 1
586 1172 1758 2344 2930 3516 4102 4688 5274 5860

Figure 4. Result of risk pattern analysis in Johor river basin

Based on the results obtained, the overall water level data for the research area in the Johor River basin have been
separated by risk index and risk class respectively. Risk analysis in this analysis clearly visualizes the level of flood
risk based on the index derived from the water level of the research area in thirty years.

Johor river basin is surrounded by an active development and also has a variety of economic activities that
contribute to the source of income for the state of Johor. Thus, a sound study of the risk must be implemented to
ensure early action plans work best for comprehensive flood prevention in an effort to maintain economic stability
in Johor state. Weakness in flood risk analysis in the research area will result in a weak emergency response plan of
by the local authority as well as the Johor state government that can cause significant losses to many parties,
including the civilians in the event of flooding in the research area.

The formation of risk review of this research appears to facilitate DID in Johor in setting the level of flood risk in
the research area in a systematic and clear way. Risk index obtained in this analysis can be applied in the DID
analysis to improve the existing flood risk, and the risk classification can be applied based on the year to see the
pattern of risk with a more detailed plan of action to provide a more effective flood prevention for the state of Johor.
Risk analysis generated by this research was able to provide a positive impact on the level of flood management for
the state of Johor since the method used was simple, effective, and low cost and can have a big impact on the study
of floods in Johor.

Risk index obtained in the previous analysis made to ensure the accuracy of prediction of available data to be used
in the Johor river basin at present and in the future. The results in Table 3 show that, for the prediction to validate
that represent 60 % of the total data, R? for prediction accuracy results show more than 90 % of the results obtained
is 0.9889771 and the lowest RMSE of 1.6484 and a decision with 3 hidden nodes to achieve optimal results.

Prediction for the train continued to represent 20% of the data and the results show that made a prediction accuracy
and significant results of R? at 0.9954986 and lowest RMSE of 0.72856 and the results of three hidden nodes to
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achieve optimal results. Prediction further analysed for the test partition, representing 20% of the total data. The
results show a statistical prediction of the risk index was highly significant results of R? is 0.96408 and the lowest
RMSE of 2.5736 and the results of three hidden nodes required to achieve optimal results. Based on the test
partition, the control limit for the future was expected and predictions of partition test results were significant and
accurate. Based on Figure 5, prediction for the control limit risk index in the future was at the height of 3.75m and
above was considered to be High Risk class, 3.20m - 3.74m was Cautionary Zone class, 2.65m - 3.19m was Low
Risk category class, and 2.64m below was No Risk class category. The prediction appears accurate with prediction
accuracy above 90%. It turns out that the prediction of future risk class hierarchy for the Johor river basin can be
used by local authorities for planning flood control state in the future.

Table 3. The prediction of risk index by using ANN in Johor river basin

Study area Validate Train Test
Johor River basin ~ R? RMSE R? RMSE R? RMSE
0.98596 1.6943 0.99534 0.7284  0.96400 2.5745
0.9859737 1.6486 0.9954941 0.7290  0.96406 2.5743
0.9889771 1.6484 0.9954986 0.72856 0.96408 25736
0.98597 79 1.6485 0.9954739 0.73065 0.96406 2.5742
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Figure 5. Result for future prediction of risk index pattern in Johor river basin

Conclusion
The most significant factor for the variables in this study were obtained and applied in the development of risk
models for an alert warning system for floods in which variables that have been proven statistically can give
emphasis to the flood pattern visualization and optimal rates for the maximum limit for flood control basin river in
Malaysia, particularly in the study area. This obviously can help in planning DID flood control program in
preparation for any eventuality of floods in Malaysia. The formation of an efficient control limits that is sensitive to
changes in water level can enable flood warning alerts to improve the existing system used by DID in managing
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flood control for Malaysia Comparisons have been made in this study to confirm the ability of risk models
developed with a history of flooding for each study area for 30 years. It turns out that the comparison proves the
effectiveness of the risk model at optimum levels when the group of large-scale flood proved successful and is
similar to the pattern of risk based on the risk index for flood risk model developed in this study. Thus, the used of
risk models in this study were able to bring major changes to the global flood control issues in general and
particularly in Malaysia.
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