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ABSTRACT

Flooding has damaged many areas in Thailand every year. In order to
evaluate the damages and tendency of flooding, this study used water level and flood
shape files to predict the size of flood area occurrence focusing on Suphanburi
Province. This paper presents the development of an artificial neural network for flood
area size prediction. The Bayesian regularization training function was used for model
development. The features, which are the water level data from each gauge station and
floodgate, were used as input. The flood shape files were analyzed through GIS
method to find the size of the flood area, and were used as quantitative output. In
addition, the correlation coefficient was used for the input selection. The results
indicated the performance of the artificial neural network suit predicted the dataset one
day in advance with the selected input. Moreover, we have proven that the artificial

neural network outperforms the conventional model.
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CHAPTER I
INTRODUCTION

1.1 Statement of problems

Flooding is natural phenomena that occur everywhere. In each year, flood
disaster has more serious and the values of damages amount many billion baht, which
government agencies charged in the restoration of country. Flood disaster not only
affecting human’ life and properties, but also natural resource damage and leading to
environmental problems.

The major flood occurred in year 2011. Thailand had been damaged by
flooding, which is widely spread in many provinces, especially in the central region of
the country, which cause from tropical storms during the monsoon season, causing
heavy rains in northern and north-east regions and happen flooding in many provinces.
While the rain is still heavily fall. In a few time, the inundation spread to the lower
part of the country. When the Chao Phraya River receives mass water from branches
of river and spread to other branches that resulting of flooding for many provinces of
the central plain areas. Due to the large amount of water overflow river that exceed the
capacity of river and rush down to the lower part of the country.

In addition, the expansion of city and the invasion of land in the riverarea,
making physical areas changed such as an increase in the impermeable area, which
affecting the more run-off, while infiltration of water into ground are decreased. In this
situation will cause the flooding is large areas until the water level in the main rivers
will decrease that level of water can drain out.

Although the mitigation of flood problems are helped both short and long
terms from relevant agencies. The flooding extent map is also important for providing
information to many aspects such as the analysis of flooding risk areas, warning and
evacuate.

At present, there are provide flood area information that displayed the

satellite maps and tracking the daily flood situation. Geo-Informatics and Space
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Technology Development Agency (Public Organization) is also known as GISTDA
that provides geospatial information using satellite image. The satellite information
will be used to prepare a map showing the flooding and mudslide areas along with the
damage have occurred. This information can be analyzed to assess the damage from
flood disaster and support for people who are be in trouble.

Furthermore, there are the related researches that analysis to display the
flood extent areas by using hydrological model with geographic information system.
Nevertheless, the most of study areas are valley which cannot be applied to plain areas
because of the height lines of terrain (contour line) are inadequate resolution and
causing mistake for display flood extent areas and unreliable.

In year 1980, Artificial Neural Networks (ANNSs) are applied to solve
science and engineering that based on historical data for training and testing process.
In general, the advantage of ANN model is a minimum requirement of data than
hydrological models. Moreover, the user don’t need to knowledge for hydrological
process. As mentioned above, ANN model is most popular applied in many problems
and especially water resource problem.

Therefore, in this study developed ANN model based on flood map
information from the GISTDA agency and information of water level at gauge stations
and floodgates from the Royal Irrigation Department to predict size of flood area in
advance at floodplain area and to be useful for providing information or use together

with damage assessment or the tendency of flood areas.

1.2 Objective
To develop model for the flood area size prediction at floodplain area by
using Artificial Neural Network (ANN) method.

1.3 Scope of study
1) In this study selected the Basin of Tha Chin River in Suphan Buri

province.
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2) Use the daily water level data in flood event of each gauge stations and
floodgates that located in the Tha Chin River and Irrigation canals that is representing
the flood area.

3) Use shape files of flood event from the GISTDA agency that used to
determine the size of the flood areas in the study area.

4) For flood area size prediction, using the water level 1-2 previous days in
each gauge stations for in advance prediction where flood area size obtained from

shape files for developing the model.
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CHARPTER II
LITERATURE REVIEW

2.1 Study area
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Figure 2.1 Map of Suphanburi province.

2.1.1 Location

Suphanburi province is one of the west central regions of the country,
which located on floodplain of Tha Chin River or another call Suphanburi River. The
Tha Chin River flows along the length of the province from north to south. Suphanburi
province is located between latitude 14° 4'-15° 5'N and between longitude 99° 17' -
100° 16'E, height of 3-10 meters above mean sea level and total areas of 5358.01

square kilometers, representing 5.2 percent of the central region.

2.1.2 Topography
Suphanburi province has mainly plain areas. There are some areas of the

plateau with a slope of 0-3 percent, which is located along the west side of the
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province from north to south. The lowest area is in the southeast that located above
mean sea level about of 3 meters and 10 meters for the northern of province. The most
of areas is a rice field, canal, marsh everywhere. The major river is Tha Chin river or

Suphanburi river that flow through from north to south of province.

2.1.3 Climate

Generally, Suphanburi province has similarity of climate to other
provinces in the central region. The summer season has been influenced by the
monsoon from the southeast of the South China Sea during February to mid-May. The
rainy season has been influenced by the monsoon from the southwest of the Indian
Ocean during May to mid-October. The winter season has been influenced by the

northeast monsoon from the October to mid-February.

2.1.4 Water resource

Suphanburi province has consisted various river. Tha Chin river or
Suphanburi river is a large river that the most important and beneficial to the living of
the population and economy. Kaseaw Dam is a major branch of Tha Chin River and

the others are small rivers, which is mainly flow to Tha Chin River.

2.2 Definition and Flooding characteristic

Flooding means the water flow in river with water level is higher than
normal level and overflow the banks, as result from runoff caused by rainfall that
exceed the flow in the river. This may cause damage or not, and needn’t occur every
year.

The meaning of flooding is defined by Meteorological Department [1] that
is the water conditions overflow the banks and occurrence of flood on areas or the
drainage of flood couldn’t drain out and the areas are covered by water. The divisions
of flooding characteristics are two types.

1. Drainage floods are the occurred flooding condition due to drainage
system is not efficient and often occurs at floodplain area and large urban area. The

most of drainage floods occurred downstream and spread over wide areas.
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2. Flash floods are flooding condition that occurred suddenly and
appeared on more slope areas and less catchment. Flash floods are usually occurs after
heavy rain, within 6 hours.

The cause of flooding that occurred in Thailand is divided into two types.
The first type is flooding by natural such as rainfall intensity, flash flood from hills,
water overflow the bank of river, the flooding of estuary occurred due to high tide.
The another type is flooding by man-made such as an inappropriate land use, the
deforestation on the hill, the intrusion of water, the settlements in the flood risk areas
and the construction of roads that obstruct waterway and the policy of reservoir

management that is mistake. [2]

2.3 Geography Information System (GIS)

GIS is the process of spatial data with the computer system by
determination the attribute data and information. Besides, it is able to manage data
from various sources that including satellite and aerial imagery by storage,
classification, analysis and display of spatial data to the objectives of geographical
application. Particularly, spatial data have format and relationship of the all spatial
data and it can be analyzed by GIS to provide a meaningful change in relation to the
period. [3], [4]

Goodchild et al (1996) said that the GIS is a powerful tool for data
collection, data analysis and display. At present, the GIS are applied to flooding
management such as displaying the flooding and damage areas that occurred and
provide information to the hydrological model. [5]

This study applied GIS as tool to analyze the size of flood area for
preparing the data to the model development.

2.4 Artificial neural network

Artificial neural networks (ANNSs) were used to more the water resource
prediction. ANNs are considered in a group of black box model which is not attention
on hydraulics processes, it can also accurately predict. Unlike other model groups that
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based on information and relationship of the amount of large data that caused the black
box model has been used to predict flooding increasingly. [6]

In general, the advantages of ANN application are the ability to solve
problems that not require a clear definition of the mathematical problems. On the other
hand, ANN has solved by compiling the sample set of problems and answers. The
network tries to learn the nonlinear relationships of input and output that leads to an

accurate answer. [6]

2.4.1 Back propagation Neural Network (BPNN) [7]

The BPNN has a very popular structure that is the Multilayer Perceptrons
structure which is model consist of three layers such as input layer, hidden layer and
output layer as shown in Figure 2.2. The process of learning is used by data feature of
available input and output. The input data is fed into the unit of the first layer then
each input is multiplied by the weights, only link between the layers. The default
setting of the weights may be assigned by random. The product will be used together
to transform a value by activation function, and then the results will be compared with
actual data, lead to the weight adaptation and minimize errors for each iteration. The
weight adaptation will continue until the error is less and acceptable and then the
process is terminated, which the characteristic of the Back Propagation (BP) as shown

in Figure 2.3.

Input laver Hidden layer Output layer

—

Figure 2.2 Structure of Multilayer Preceptron
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Input layer Hidden layer Output layer

Figure 2.3 The characteristic of Back Propagation

2.4.2 The model development and BPNN procedures [7]
In model development, the dataset is learned and tested that through
process of learning with Back propagation and testing. The process chart of model

development is shown in Figure 2.4.
Initial

‘ Learning process ‘

v Input data into the
developed model

Input data and results
from measurement

¥

Feed forward process

Training process
-BPNN
- Compute error

No

Convert result of the
developed model

Choose the |

developed model Finish ‘

Figure 2.4 The process chart of model development
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2.4.2.1 The learning procedure of ANN [7]

1. The assignment consists of ANN structure, initial conditions

of the weights and bias, besides included assignment of parameters and activation

function.

2. The learning process had calculated weights and bias that

the results of calculation similar to the results of actual measurement. The process of

the BP can be divided into two parts such as a forward step (forward pass) and a

backward step (backward pass), which is shown the chart of back propagation steps as

figure 2.5.

¥

Determine the ANN structure,
initial conditions of the weights
and hias, and activation
fimction

.

Calculating the results of .
hidden laver and output layer

!

Calculating the difference of
result between actual and
compute model

)

(SSEpew-SSEq14)/SSEan4
Acceptable

i=N iteration

Calculating the variation of
weight values

:

Adjust the weight values
from model to calculation for
next iteration

Figure 2.5 The chart of back propagation steps

However, this process may cause more learning or overfitting that is

drawback of ANN model. Because the network tries to learn the relationship of input
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and output data, which is the recognitions of some data that may include noise data.
Therefore, the network will provide good results for training process but the results is
not good for testing. The avoidance method of overtraining is cross training, which it
making the network learn more efficiency. Thus, the learning process needs to
calculate for weight and bias values properly to learning that making the errors are
decrease trend and stable, which it will make the appropriate iteration for stopping the
learning. If calculation in the next more iteration, although errors are fixed or decrease,
the model may be learning too much that given not good results of test.

This study applied ANN for model development by using the hydrological
data such as water level data and flood data that obtain from flood shape files. The
developed model can predict flood area size where the water level data of each gauge
station as inputs and the flood data were analyzed through ArcGIS to obtain flood size
area as output for model. The developed model can be applied the analysis of flood

trend or assessment of damage.

2.5 The ANN application for flood prediction

In this section showed the examples of previous researches that applied
ANN for hydrological model development.

Mandal et al. (2005) had used ANN model for flood management, where
prediction of flood plays a crucial role. The ANN model uses five variables such as
temperature, humidity, water level, precipitation, and wind speed as input. The relative
importance of these input variables in the prediction of occurrence and non-
occurrence of flood by ANN model indices that water level is the key variable related
to flood while temperature is the least important variable among those five variables.
From the results, it is clear that the proposed model is statistically significant. The
overall prediction accuracy is 97.33%. [8]

Adnan et al. (2012) had proposed ANN model to predict the flood water
level. A supervised neural network with the back propagation model is adopted in this
study. The water level is only the variable in this Back Propagation Neural Network
model. The performances of BPNN model have been evaluated but yet the result is not

that satisfactory. Hence, Extend Kalman Filter is proposed to improve the results. In
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conclusion, Extend Kalman Filter is able to provide better result compared with actual
result without application of Extend Kalman Filter. The results are improved as the
overshoot is reduced and pattern of the predicted and actual water level between 0-6
hours is nearly. [10]

Campolo et al. (1999) had addressed the problem of flood forecast using
ANN on the basis of rainfall and water level data. They attempted to set up a model
which would be able to forecast the water level of the river on the basis of rainfall
information and previous water level with a sufficient lead time in order to reduce the
consequences of floods. Predictions of the model for 1-hour forecasting are accurate,
with a minimal error of the order 4%. When trying to use the model to forecast water
level with a longer time horizon, performance decreased rapidly. [9]

Leahy et al. (2008) had studied water level at the flood location and the
two available upstream monitoring stations were found to be the most useful predictor
of levels 5h ahead at the flood point. The other input vectors such as the recent change
in river level at the flood location, sea level pressure or the change in sea level
pressure did not improve prediction accuracy to the point where the extra network
complexity added by their introduction was justified by an associated improvement in
prediction performance. Optimization of weights alone increases the ANN
performance to a value close to that of the fixed architecture but with performance
penalty relative to a fixed architecture trained using conventional back propagation
only. In this study, they had demonstrated that a global optimization methodology for
ANN architecture and weights can be employed successfully to a river level prediction
problem. [14]

Cruz et al. (2011) had developed ANN model of a 40-year time series of
river water-level observations was used to reconstruct floodplain water levels in a
study area of the lower Cuiaba River floodplain of the northern Pantanal. The ANN
yielded a prediction error not greater than 9 cm in 95% of occurrences and it can
contribute to the management of hydroelectric reservoirs upstream of the floodplain to
minimize their adverse impacts on inundation regimes. [11]

Sulaiman et al. (2011) had developed an ANN based model with Zoning
Matching Approach (ZMA) for real-time flood forecasting at Rantau Panjang station,

specifically to monitor high water level events. The forecasting models developed
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using ZMA are able to forecast water levels above 8000mm with high accuracy with a
lead-time of up to 3 h, and with satisfactory performance at 6 h. [12]

Bustami et al. (2006) had developed an ANN to predict daily flood based
only on antecedent rainfall and water level data, which a part of flood management.
Sungai Bedup station was selected. The sensitivity of the network performance to the
content and length of the calibration data was using various training data set. It was
found that to obtain satisfactory results, the neural network using 4 days of antecedent
data performed very well in simulating the daily water level. [13]

Shongsak (2003) had conducted a daily flood forecasting in Lam Phachi
basin with MIKE 11 and ANN models. For ANN, the data of input layer consist of the
rainfall gauge station (K.25A), the K.17 of the malaria tropical of research
(Ratchaburi) and the K.59 of runoff gauge station (kanchanaburi). The MIKE 11
model includes the Unit Hydrograph and Hydrodynamic models, which require the
information of soil type, land use, physical conditions of the area, and characteristics
of river, runoff and rainfall. While the neural network model used runoff and rainfall
for runoff prediction with Feed Forward Back Propagation method and using 5-5-1
structure. The results of comparing the suitable model with EI showed that the
performance of MIKE 11 model is equal to 64.4 percents for learning and 18.0
percents for testing. For ANN, The performance is equal to 99.8 percents for learning
and 59.0 percents for testing. In this study, it had concluded that the of neural network
model are suitable to be used to forecasting the flooding of the Lam Phachi river more
than MIKE 11 model. [6]

The most of these studies had predicted the water level at gauge station of
basin that it can be predicted in advance or warning to the application of flood
management. In addition, the application of ANN model to forecasting the results that
is satisfactory for previous researchers, especially when compared to other
hydrological models. From these studies, the most of variable for flood prediction that
used is water level data, so this study applied the water level data for flood area

prediction.
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2.6 The research related flood extent areas

In addition, the related researches had analyzed the flooding extent areas
by hydrological models integrated with and Geographic Information System (GIS) to
apply the assessment of risk areas or warning. The researches had shown examples as
follows.

Rangsimapirat (2005) had developed a mathematical model to predict the
expected flooding areas of the lower Mae Klong river basin. The model calculates
flood elevation and constructed the Digital Elevation Model (DEM) from aerial
photographs to create a flood map by ArcView and compare to the LANDSAT5
satellite photos to evaluate the error of model. [15]

Sansena (2004) had studied runoff of The Mae Klong River and develop
GIS for supporting a Hydraulic model to simulate and create flood map based on the
hydrological and hydraulic approach. The process involved runoff frequency analysis
by 6 probability distributions and statistics to determine a suitable probability for
designing runoff frequency and developing GIS data for generated Digital Terrain
Modeling (DTM) and integration of Hydrologic Engineering Centers River Analysis
System (HEC-RAS) with DTM to develop a regional model for floodplain
determination and a model for simulation of the flood prevention, warning and
forecasting. [16]

Mangsilp (2007) had studied evaluation of flood area in Mae Taeng
Watershed, Chiang Mai province using the GIS integrated with potential surface
analysis and hydrological model. In addition, the appropriate model compared with
real flooding that obtained from satellite photos. [17]

Arayawongwarn (2001) had studied the flood phenomena in the Yom
basin, Phare province by using MIKE11 and the Geographic Information System
(GIS). MIKE11 is used for forecasting flooding at three periods of 10 years, 25 years
and 100 years. The GIS is advantageous for displaying spatial data and it is applied for
estimating flood areas and generating flood maps. The map are analyzed considering
physical factors and land use change, which are also considered in this research, in
order to suggest guidelines for management of future flood areas in the Yom basin,

Phare province. [18]
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Wongwitaya (2001) had developed and modified Arcview GIS, which is a
geographic information system (GIS) to make flood map in the Yom Basin but in this
study, the focus was on Phare and Sukhothai Province. In this investigation, the using
some functions in Arcview along with the developed program. The program has the
capability to develop the flood area maps by integrating maximum flood water level
data from MIKE11 along with geological information data. The result of research is
the application, which can make GIS flood map boundary similar to that of a manual
flood map in shape and area, users can observe the preliminary spread out of flooding
area. However the accuracy of the result depends on the scale of the contour line input.
[19]

However, researches have been mentioned above. The most of study areas
is a valley, which can’t be applied to the floodplain area because of the contour line
are inadequate resolution and causing mistake for display flood extent areas and
unreliable. Therefore, this study attempts to study the topography of floodplain area
and predict sizes of the flooding area with taking the advantage of ANN technique for
model development, to be useful to provide information or use together with damage

assessment or the tendency of flood areas.
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CHARPTER Il1
RESEARCH METHODOLOGY

This study only used water level for flood area size prediction due to the
case study area was floodplain area. The characteristic of flooding had expanded to
wide area when water level overflow bank that unnecessary to using the other
variables such as rainfall data, which it related water level directly. Therefore, this
study used daily water level of each gauge station and floodgate to find relation of
flood area size for prediction.

The concept of model development is based on ANN technique, and the
water level was measured at gauge stations and floodgates of the Tha Chin River and
Irrigation canals in Suphan Buri province together with the flood event data that
obtained from flood shape files. Flood event data were processed by GIS to obtain the
flood area sizes for prediction that showed in appendix to find flood area size. The

methodology are shown in Figure 3.1

‘ Historical hydrology data |

Flooding events

s from shape file data
Daily water level for each
floodgates and gauge l
stations in the study area GIS method
l ArcGIS software

| ANN model development |
]

Predict flood area size
(kan”) in study area

Evaluate performance of model: Corelation

: )
Flood area size (km”)

coefficient (r). Mean Absolute Error (MAE). Mean
Absolute Percentage Error (MAPE)

Figure 3.1 Flow Chart of Research Methodology
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3.1 Data collection

Hydrological information used water level that obtain from the gauge
stations and floodgates of the Royal Irrigation Department that located in the Tha Chin
River and Irrigation canals of Suphan Buri province. In addition, the shape files of
flood area obtain from Geo-Informatics and Space Technology Development Agency
(GISTDA) to be used in the analysis of flood area size that is processed by ArcGIS

software.

3.1.1 Water level data

Daily water level data obtained from gauge stations since in 2002-2012. In
addition, the water level data obtained from the floodgates since the year 2002-2012
that used in this study and shown list of gauge stations and floodgates as Table3.1. The
location of gauge stations and floodgates are shown in Figure 3.2

Table 3.1 List of gauge stations and floodgates

Type of station | ID station

Gauge station T10,T13

SCO01,5C02,5C03,5C04,5C05,PP01,PP02,PPO3,PP04,PP0O5,PPOG,
floodgate PPO7,PP08,PP09,PP10,PP11,PP12,PP13,PP14,PP15,PP16,PP17,
PP18,PP19,DJ20,DJ23

3.1.2 Flood shape files
Flood shape files obtained since in September-December of 2006-2011
whereas the information occurred for some days. Because the information obtained

from satellite images that may be not record images every time.

3.1.3 Dataset

In creating the dataset for the model development, the flood area sizes of
present day were compared with the 1 and 2 previous days of water level to create 1
day in advance dataset and 2 day in advance dataset of prediction. The water level data
of each station and floodgate were inputs of model where as flood area size was the
output of model.
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Location of gange stations and floodgates
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Figure 3.2 The location of gauge stations and floodgates

3.2 Model development

In this study, MATLAB 2010a software is used as a tool in the
development of the artificial neural network models. The model is developed by using
the water level dataset that has been divided by K-fold cross validation to find the
most of appropriate model for dataset. This method is resampling with divide into
many groups of dataset and partially tested. The best result of cross validation will be
chosen for the model.

3.2.1 The network structure
In this study, the structure of the Multi layer perceptron is used, which is
the most popular structure are shown in Figure 3.3.
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Figure 3.3 The network structure

From figure 3.3, structure of the network consists of 3 layers included
input layer, hidden layer and output layer where each layer consists of several neurons
and each neuron is connected to other neuron of the layer next. The first layer is input
layer, which input data as water level data of each station. The hidden layer
determined only one layer. Number of neurons in hidden layer obtains from
experiment by changing the number of neurons in the hidden layer from 1...N neurons
to obtain the optimal network structure and then selects the number of hidden neurons
of ANN model that provides the best statistical. Output layer has only one neuron is a
flood area size.

3.2.2 The activation function

Typically, each neuron has activation function that transform input to
output of function. The sigmoid function is widely used such as logistic and
hyperbolic tangent functions. However, this study used hyperbolic tangent sigmoid
functions in hidden layer and linear function in output layer for model development

that follow predicting the regression pattern. [21]

3.2.3 Training Function

In the ANNs model development, it often encounter overfitting problem
that affect to the developed model can’t available (generalize). An alternative method
for improving generalization is regularization. Regularization can be done
automatically by using the Bayesian regularization training function. The advantage of

this function is not require a validation data set that be separated from the training data
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set and provides better generalization performance than early stopping when the data
set is small and be suitable for training function approximation networks. [21]

In addition, the research of Jeong (2004) compared the effectiveness of the
training and learning functions. The result showed that the Bayesian Regularization
training function outperformed the other 12 training functions while the result of
experiment for 14 learning functions showed similar performance. [20]. Therefore, in
this study chose the Bayesian Regularization training function.

3.3 Evaluation of model performance

After the developed model has been completed, the test dataset will be
used to test. The comparison of results that obtained from calculated model and
measured data by using statistical methods, including Mean Absolute Error (MAE),
Correlation Coefficient (r) and Mean Absolute Percentage Error (MAPE).

3.3.1 Mean Absolute Error (MAE)
MAE is a statistical method that shows the absolute error between the
calculated model and actual of flood area size that should be close to zero. The

equation that shown the calculation following.

MAE = © Zn:‘vi -] (3-1)
n 5

Where Y; =actual value

\?i = predicted value

n = number of data

3.3.2 Correlation Coefficient (r)

The Correlation coefficient represents the relationship between the data
obtained from the model and measurement that is linear. If the value of one indicates
that the relationship is linear at best (perfect positive linear association) and a zero that

has no relationship (no linear relation) by the equation shown as follow.
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DY\ A A
r(Y,¥)= —=2 (3-2)
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Where Y, = actual value
\?i = predicted value

Y, =mean of actual value
Y, = mean of predicted value

n = number of data

3.3.3 Mean Absolute Percentage Error (MAPE)
MAPE is a statistical method that shows the percent of absolute error

between the calculated model and actual of flood area size that should be close to zero.

The equation that shown the calculation following.

MAPE = - S
_H; Y,

x100 % (3-3)

Where Y; =actual value

\?i = predicted value

n = number of data

3.4 Material and development tools
Hardware: 1) Notebook Intel(R) Core2(TM) Duo 2.53GHz RAM 4.00GB
Software: 1) Microsoft Windows7
2) ArcGIS 9.3
3) Matlab R2010a
4) SPSS 16.0
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3.5 Schedule/ Time plan
In this section, step of work and time periods that shown in Table3.2 as

below.

Table 3.2 Grant chart: Steps of work

Steps of work 2012 2013

Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb

1. Study area of Supanburi province and
collect the secondry data of water level and e
flood area from the Royal Irrigation

Department and GISTDA.

2. Analyze and select water level data of each
station together with the flood area to create a a1 T
dataset.

3. Study and analyze for model development to

predict size of flood area.

4, Study and evaluate for model performance.

5. Discussion and conclusion of research. m
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CHAPTER IV
RESULTS AND DISCUSSION

The result of flood area size prediction in Suphanburi province: a
comparative study of dataset (1 and 2 days in advance) with the neural network
technique to find the proper dataset. Moreover, this study had the comparison of 2
models between neural network and linear regression and discusses the result for
prediction.

In construct dataset, the number of samples is 104 samples. The inputs of
model consist of 31 inputs of daily water level data from floodgates and gauge
stations. The output is flood area size from daily shape file data of 104 events whereas
flood events are discontinuous data but daily water level data is continuous data.
Therefore the dataset were constructed by the reference of daily flood event to create
dataset for 1-2 days in advance prediction.

In the development of model, the dataset were divided as 10-fold cross
validation. The Bayesian regularization training function is used, and changing the
number of neurons in the hidden layer from 1...N neurons, number of training epochs
and activation functions to obtain the optimal network structure. The result of network

structure is chosen by the best statistical performance.

4.1 The results of model development

4.1.1 The results of 1 day in advance
In this section, the results of 1 day in advance dataset for model

development are showed in Table 4.1.
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Table 4.1 The results of 1 day in advance

Structure MAE Correlation coefficient(r) MAPE (%)
31-1-1 208.55 0.88 55.96
31-2-1 187.57 0.90 44.49
31-3-1 179.13 0.89 35.89
31-4-1 160.47 0.90 36.67
31-5-1 192.78 0.87 39.83
31-6-1 164.02 0.90 36.33
31-7-1 155.99 0.90 34.88
31-8-1 179.21 0.88 42.87
31-9-1 166.37 0.91 36.73
31-10-1 179.92 0.86 43.56
31-11-1 168.28 0.89 38.07
31-12-1 167.44 0.90 38.95
31-13-1 189.32 0.86 41.52

Table 4.1 shows the results of 1 day in advance. In experiment, the optimal
of structure is 31 inputs, 7 hidden neurons and 1 output. The results of evaluating 3
statistical performances are 155.99 (MAE), 0.90 (Correlation coefficient) and 34.88
(MAPE) respectively. In addition, the optimal activation function of this structure is
hyperbolic tangent sigmoid function (tansig) and linear function (purelin) for hidden

layer and output layer respectively.

4.1.2 The results of 2 days in advance
In this section, the results of 2 days in advance dataset for model
development are showed in Table 4.2.
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Table 4.2 The results of 2 days in advance

Structure MAE Correlation coefficient(r) MAPE (%)
31-16-1 166.37 0.91 40.64
31-17-1 163.07 0.91 34.33
31-18-1 159.23 0.91 31.02
31-19-1 156.09 0.92 36.62
31-20-1 151.74 0.92 32.46
31-21-1 162.01 0.91 37.13
31-22-1 186.43 0.89 43.13
31-23-1 208.14 0.87 51.06
31-24-1 165.30 0.91 36.18
31-25-1 175.04 0.91 42.05

Table 4.2 shows the results of 2 days in advance. In experiment, the
optimal of structure is 31 inputs, 20 hidden neurons and 1 output. The results of
evaluating 3 statistical performances are 151.74 (MAE), 0.92 (Correlation coefficient)
and 32.46 (MAPE) respectively.

4.2 The results of model development with the input selection

From previous section, the results of 1 and 2 days in advance for model
development that given high error. In this section, we test 1 and 2 days in advance
dataset with the input selection. The correlation coefficient is used for the input
selection to find the relation between water level data of each gauge station and flood
event. In this study, the correlation criterion was selected 0.85 up. The 10 inputs of
each gauge stations are chosen for 1-2 days in advance dataset such as T13, PP10,
PP11, PP12, PP14, PP15, PP16, PP17, PP18 and PP109.

4.2.1 The results of 1 day in advance (selected inputs)
In this section, the results of 1 day in advance dataset that selected inputs
for model development are showed in Table 4.3.
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Table 4.3 The results of 1 day in advance (selected inputs)

Structure MAE Correlation coefficient(r) MAPE (%)
10-6-1 165.41 0.91 33.25
10-7-1 162.30 0.91 33.35
10-8-1 156.68 0.90 29.09
10-9-1 163.53 0.89 34.73
10-10-1 161.71 0.89 30.58
10-11-1 154.36 0.91 30.06
10-12-1 139.55 0.92 23.13
10-13-1 149.43 0.91 27.45
10-14-1 170.68 0.88 33.13
10-15-1 150.87 0.90 26.96
10-16-1 181.53 0.87 43.55
10-17-1 164.46 0.89 33.94
10-18-1 171.59 0.88 37.19

Table 4.3 shows the results of 1 day in advance (selected inputs). In
experiment, the optimal of structure is 10 inputs, 12 hidden neurons and 1 output. The
results of evaluating 3 statistical performances are 139.55 (MAE), 0.92 (Correlation
coefficient) and 23.13 (MAPE) respectively.

In addition, the error results of 1 day in advance dataset (selected inputs)
were compared with the error results of 1 day in advance dataset to investigate the
difference of 2 dataset. The paired T-test method was used for this study. The results
are showed in Table 4.4 and 4.5. Table 4.4 showed the preliminary statistical results of
2 dataset, which the statistical results given the difference of each dataset. Table 4.5
showed the results of paired samples test between unselected and selected input.

Table 4.4 The results of paired samples statistics of 1 day in advance dataset

Paired Samples Statistics
Std. Erraor
Mean [+ Std. Deviation Mean
Fair 1 unselected 155.99 104 183.83 18.03
selected 139.55 104 173.55 17.02
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Table 4.5 The results of paired samples test of 1 day in advance dataset

Paired Samples Test
Faired Differences
95% Confidence Interval of the
Difference
Std. Errar
Wean Std. Dewigtion Wean Loy pper t if Sin. (2-tailed)
Pair1  unselected - selected 16.45 184.75 18.12 -19.48 52.38 .91 103 0.37

From this study found that the results of paired samples test of 1 day in
advance dataset between unselected and selected input was not statistically significant

of difference.
4.2.2 The results of 2 days in advance (selected inputs)
In this section, the results of 2 days in advance dataset that selected inputs

for model development are showed in Table 4.6.

Table 4.6 The results of 2 days in advance (selected inputs)

Structure MAE Correlation coefficient(r) MAPE (%)
10-28-1 164.97 0.91 33.31
10-29-1 166.65 0.90 33.02
10-30-1 162.88 0.90 34.89
10-31-1 154.11 0.92 31.39
10-32-1 147.63 0.92 31.26
10-33-1 155.96 0.91 34.68
10-34-1 160.29 0.90 36.95
10-35-1 168.85 0.90 35.96
10-36-1 165.77 0.90 33.69

Table 4.6 shows the results of 2 days in advance (selected inputs). In
experiment, the optimal of structure is 10 inputs, 32 hidden neurons and 1 output. The
results of evaluating 3 statistical performances are 147.63 (MAE), 0.92 (Correlation
coefficient) and 31.26 (MAPE) respectively.

In addition, the error results of 2 day in advance dataset (selected inputs)

were compared with the error results of 2 day in advance dataset to investigate the
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difference of 2 dataset. The paired T-test method was used for this study. The results
are showed in Table 4.7 and 4.8 respectively. Table 4.7 showed the preliminary
statistical results of 2 dataset, which the statistical results given the difference of each
dataset. Table 4.8 showed the results of paired samples test between unselected and

selected input.

Table 4.7 The results of paired samples statistics of 2 day in advance dataset

Paired Samples Statistics
Std. Errar
hean ] Std. Deviation hean
Fair1  unselected 161.74 104 158.94 14.59
selacted 147 .63 104 161.09 15.80

Table 4.8 The results of paired samples test of 2 day in advance dataset

Paired Samples Test

Pairad Diffarences

35% Confidence Interval of the
Difference

Std. Error
Wean Std. Deviation Mean Lawer Upper i df Sig. (2-tailed)

Pairt _unselected - selected 410 135.31 13.27 -33. 3042 0.31 103 0.78

From this study found that the results of paired samples test of 2 day in
advance dataset between unselected and selected input was not statistically significant

of difference.

4.3 The comparison of model performance

This section compared the model performance between neural network
and conventional model to examine the performance of neural network that better than
the conventional model or not. In this experimental used linear regression model as the
conventional model with 1 day in advance dataset (selected input) and compare with

the neural network. The results are showed in Table 4.9.



Siripong Weranantawat Results and Discussion / 28

Table 4.9 The comparison between neural network and linear regression model

Model MAE Correlation coefficient(r) MAPE (%)
Linear regression 198.48 0.89 45.10
Neural Network 139.55 0.92 23.13

Table 4.9 shows the comparison between neural network and linear
regression model which the result found that the neural network outperforms than the
linear regression. Moreover, this study investigated the difference of 2 models error
with the paired T-test method. The results are showed in Table 4.10 and 4.11
respectively.

Table 4.10 shows the preliminary statistical results of 2 models error,
which the statistical results given the difference of each model. Table 4.11 showed the
results of paired samples test between neural network and linear regression, which the
results are difference of the paired samples test of significance. These tables are

showed as follows.

Table 4.10 The results of paired samples statistics of model

Paired Samples Statistics
Std. Errar
Mean [+ atd. Deviation Mean
Fair 1 M 138.54 104 173.54 17.02
LK 193.443 104 153 66 156.56
Table 4.11 The results of paired samples test of model
Paired Samples Test
Paired Differences
55% Confidence Interval of the
Difference
Std. Errar
Mean Std. Deviation hean Lower Upper 1 df Sig. (2-tailed)
Pair!  NN-LR -53.93 185.713 18.11 -85 .05 -22.81 -3.24 103 003
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4.4 The examples of predicted result
In this section, the examples of predicted result are showed after the model

was developed. The samples of dataset are randomized and training the dataset with
90% and 10% of testing the dataset by using the 1 day in advance dataset (selected
input) and the optimized structure of ANN. The performance results were 66.86, 0.99
and 9.83 of MAE, correlation coefficient and MAPE respectively after testing the 11

examples. The predicted results were showed in Table 4.12.

Table 4.12 The examples of predicted result

Number of Input of gauge stations (msl.) Predicted

examples [~73 T hp1o [ PP1L | PPiz | PPL4 | PPI5 | PPI6 | PPL7 | P18 | PPIO result(km?)
1 237 | 273 | 249 | 251 | 253 | 255 | 251 | 251 | 2.18 | 2.15 469.83
2 235 | 29 2.69 | 257 | 2.62 2.6 258 | 251 | 217 | 2.13 479.52
3 235 | 293 | 273 | 259 | 2.64 2.6 257 | 251 | 2.16 | 2.13 504.62
4 219 | 288 | 275 | 242 | 252 | 242 | 242 | 2.39 2 1.96 318.55
5 2.6 321 | 3.06 | 288 | 298 | 286 | 2.84 | 2.82 | 239 | 2.35 692.42
6 257 | 294 | 283 | 256 | 269 | 275 | 2.72 2.8 2.33 2.3 536.27
7 3.08 | 357 | 36 | 333|341 (334|333 | 33 | 287 | 285 630.63
8 285|319 | 32 | 311 | 31 | 3.03 | 3.04 | 3.09 | 261 | 259 738.37
9 38 | 445 | 452 | 3.79 | 3.77 | 3.78 | 3.78 | 3.73 | 3.57 | 3.69 1763.14
10 389 | 442 | 45 | 384 | 383 | 385 | 3.86 | 3.83 | 3.67 | 3.79 1880.64
11 382 | 423 | 428 | 385 | 385 | 3.87 | 3.89 | 3.84 | 3.65 | 3.73 1555.68

From the predicted results in Table 4.12, the flood area of each example
are showed to clearly indicate the results whereas the show of flood area chose the
flood area size that similar to the predicted result manually. The flood areas obtain
from shape file that gathered from the GISTDA agency. The flood areas are showed to

following the predicted result of each example.
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Figure 4.1 Flood area size 475.02 km? for the first example

From the figure 4.1, the flood area size was showed that more than the

result of prediction 1.1%.

Figure 4.2 Flood area size 475.02 km? for the second example

From the figure 4.2, the flood area size was showed that less than the result
of prediction 0.94%.
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Figure 4.3 Flood area size 513.88 km? for the third example

From the figure 4.3, the flood area size was showed that more than the

result of prediction 1.84%.

Figure 4.4 Flood area size 341.65 km? for the fourth example

From the figure 4.4, the flood area size was showed that more than the

result of prediction 7.25%.
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Figure 4.5 Flood area size 702.04 km? for the fifth example

From the figure 4.5, the flood area size was showed that more than the

result of prediction 1.39%.

Figure 4.6 Flood area size 527.06 km? for the sixth example

From the figure 4.6, the flood area size was showed that less than the result
of prediction 1.72%.
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Figure 4.7 Flood area size 634.93 km? for the seventh example

From the figure 4.7, the flood area size was showed that more than the

result of prediction 0.68%.

Figure 4.8 Flood area size 737.03 km? for the eighth example

From the figure 4.8, the flood area size was showed that less than the result
of prediction 0.18%.



Siripong Weranantawat Results and Discussion / 34

Figure 4.9 Flood area size 1758.17 km? for the ninth example

From the figure 4.9, the flood area size was showed that less than the result
of prediction 0.28%.

Figure 4.10 Flood area size 1904.96 km? for the tenth example

From the figure 4.10, the flood area size was showed that more than the

result of prediction 1.29%.
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Figure 4.11 Flood area size 1577.71 km? for the eleventh example

From the figure 4.11, the flood area size was showed that more than the

result of prediction 1.42%.

4.5 The discussion of model development

From the experiment of all dataset, it found that the 1 day in advance with
the selected input outperforms than the other dataset that summarize as follow in Table
4.13.

Table 4.13 The summary of proper dataset for prediction

Dataset MAE Correlation  MAPE (%)
coefficient(r)
1 day in advance 155.99 0.90 34.88
2 day in advance 151.74 0.92 32.46
1 day in advance (selected input) 139.54 0.92 23.13

2 day in advance (selected input) 147.63 0.92 31.26
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Furthermore, it shows that the dataset of selected input is outperform when
consider dataset between the selected input and the unselected input. The dataset of
unselected input is highly possible the overfitting which the results are more error.
Therefore, we need to delete the unnecessary inputs to find each input that extremely
relates the actual result of dataset. In this way, the correlation coefficient is used for
input selection to decrease the complexity of relation and reduce duration for training.
Although, the result of error prediction between the selected input and unselected
input was not statistically significant of difference both 1 day and 2 days in advance
dataset. Therefore, the selected input dataset suited for the model development
because using the necessary input for the model development and outperformance.
Furthermore, the linear regression models are compared to verify that the neural
network outperforms than the linear regression method that showed in Table 4.9. The
results of error are examined by paired t-test method, which the results had significant
difference and showed in Table 4.10 and 4.11 respectively. Due to the basis of neural
network is the repeated calculation to adjusting the parameters for each variable but
regression method is once calculate the parameters, so the neural network outperforms
than the regression method. Although, this study used few samples due to the limited
of flood area samples and the characteristic of flood area had high vary samples,
which the results of model development had given the high average error but the
correlation coefficient and MAPE values are satisfactory. In addition, the predicted
results had given a better performance because the samples were randomized from the

old dataset and the displays of flood area were chosen manually.
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CHAPTER V
CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

This study has an objective to develop the neural network model for flood
area size prediction of Suphanburi province. Due to the Suphanburi province is a large
floodplain area and encountering the wide spread of flood. The previous related
research had predicted by using water level and showing the extent of flood area with
GIS method. However, this method can’t show the extent of floodplain area due to the
resolution of contour line is not enough. In addition, the previous study of neural
network application of the hydrology research had given a good result of prediction.
Therefore, the neural network was applied for flood area size prediction by using
water level of each gauge station and flood gate that located in the Suphanburi
province, which used as predictor, and using the shape file of flood area with analysis
through GIS method to find the flood area size, which used as result of 1-2 days in
advance prediction.

In the development of model, 10-fold cross validation was divided as
dataset. The Bayesian regularization training function is used, changing the number of
neurons in the hidden layer from 1...N neurons, number of training epochs and
activation functions to obtain the optimal network structure. The result of network
structure is chosen by the best statistical performance.

The results of model development, the 1 day in advance and 2 days in
advance dataset were tested that the results given high average error, so the inputs of
the 1 and 2 days in advance dataset were selected with correlation coefficient method
to improve the result of model development. The result demonstrates that the selected
input dataset outperform the unselected input dataset and it found that the 1 day in
advance (selected input) outperformed other dataset. Moreover, this study had the
comparison of 2 models between the neural network and regression model to examine

the performance of neural network that better than the regression model or not. The
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result demonstrates that the neural network outperforms regression model and the
models demonstrate the result of error that significant difference. Therefore, the
development of neural network model had given satisfactory result. Although, this
study used few samples due to the limited of flood area samples and the characteristic
of flood area had high vary samples, which the results of model development had
given the high average error but the correlation coefficient and MAPE values are
satisfactory. In addition, the predicted results had given a good performance but the

displays of flood area were chosen manually.

5.2 Recommendation and Future Work

The following recommendations were recommendations for the
improvements of prediction are below:

1. In model development, it should receive more samples of data to
improve the efficiency of prediction.

2. It should study the use of parameters adjustment, which they can be
advantage too, for example, the parameters adjustment of the mu value, which they are
in the Bayesian regularization algorithm function for training stop condition.

3. It should study more the efficient model such as the Support Vector
Machine (SVM) to better results for prediction.

Furthermore, the following future works were recommendations for the
next research are below:

1. The study of comparison between the neural network and the SVM.

2. The improvement of results that can display the flood area
automatically.

3. The system development of the real time prediction.
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APPENDIX A
HOW TO THE ANALYSIS OF FLOOD AREA SIZE
WITH ARCGIS 9.3

The analysis of flood area size had steps as follow

1. Open the shape file of flood area and Suphanburi province are shown in
Figure A.1.
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Figure A.1 Open shape file

2. Open the Clip function for analysis of flood area which in the area of

Suphanburi province as showed in Figure A.2.
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Figure A.2 Open the Clip function for analysis of flood area

3. After the analysis of flood area with the Clip function, the flood
displayed in the area of Suphanburi province as showed in Figure A.3.
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Figure A.3 Display the flood in the area of Suphanburi province
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4. Open the Attribute Table of flood in the area of Suphanburi province by
the right click to open the table as showed in Figure A.4.

File Edit Yiew Dookmarks Jnsert Selection Tools Window Help

DEdS W@ e | & ([l A Ee0RM @i es EFo koMt al 4@
Bty v| b | # ~ Tk [Croste MowFesiore =] T A sGon RRRE2R0 BB 2|2 R &
.'l S — -
& & layers Tt i the wendialto search for l i =
=8 ﬁm B Copy & Sy = -
S8 e X Bemow I Sefected Attrutes of 15251006 Clip % v (= i |
- o | T o= [ ] o= [
s and Relstes 4 1B G (el |t (e | |+
N Zeem Fo Low S R i e e et
® 3 | Pricwee | Sl | 31 | geeiad | baiad | i
isible Scale Range v I e e I e )
| e | " menad memeamil | TRORZL
uﬁ‘symh".ﬂ* ".M— Ll o sl RN N
Selection N | e | W [l W | G
Label Features

S Conwent Features to Graphice...

Comvent Symclogy 1o Repretentation...

Data b

Save s Layer File_

5 Properties...
|. ] Fuecord: 14] 4 | S an|  how M [Scecid  Records (B outef 0 Seected) Cptors
Lecate ]I _

_Dapley [Source [ Selecion | Favortes | bdex_ seorch [Remts] 30 2w 4| T
Raving= k () W[ 0~ A~ Z|[Ocmater =] = B 2 U|A¥ &~ Zv o~
Open gt ribute table for this 530564.793 1536419.916 Meters

Figure A.4 Display the attribute table of flood area

5. Create the new attribute in table by click the options button and

choosing the Add Field after that create the attribute name is Flood_area that are

shown in Figure A.5.
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Figure A.5 Create the new attribute in table
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6. Right click the new attribute and choosing the Calculate Geometry as
showed in Figure A.6.
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Figure A.6 Calculate the geometry for flood area size

7. Set the unit of flood area size by choosing at Units and the selection of

unit as square kilometer that showed in Figure A.7.
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Figure A.7 Set the unit of flood area size
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8. Click the OK button, the program will calculate the flood area and
display in the new attribute that showed in Figure A.8.
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Figure A.8 Display the results of flood area size

9. Calculate the summation of flood area size of all Suphanburi province
by the right click at the new attribute and choosing the Statistics. The result showed

the summation of flood area size. The Figure A.9 was shown below.
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Figure A.9 the summation of flood area size
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APPENDIX B
THE SAMPLES OF FLOOD AREA SIZE IN SUPHANBURI
PROVINCE

Figure B.2 Flood area size 54.97 km?
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Figure B.3 Flood area size 77.75 km?

Figure B.4 Flood area size 83.63 km?
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Figure B.5 Flood area size 84.03 km?

Figure B.6 Flood area size 91.17 km?
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Figure B.8 Flood area size 130.1 km?
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Figure B.9 Flood area size 169.66 km?

Figure B.10 Flood area size 203.29 km?
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Figure B.11 Flood area size 203.83 km?

Figure B.12 Flood area size 228.13 km?
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Figure B.14 Flood area size 265.11 km?
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Figure B.15 Flood area size 282.01 km?

Figure B.16 Flood area size 341.65 km?
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Figure B.17 Flood area size 409.79 km?

Figure B.18 Flood area size 439.77 km?
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Figure B.20 Flood area size 461.6 km?
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Figure B.22 Flood area size 489.43 km?
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Figure B.23 Flood area size 497.42 km?

Figure B.24 Flood area size 513.88 km?
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Figure B.26 Flood area size 546.97 km?
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Figure B.28 Flood area size 590.24 km?
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Figure B.30 Flood area size 599.79 km?
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Figure B.32 Flood area size 634.93 km?



Siripong Weranantawat Appendices / 64

Figure B.33 Flood area size 665.67 km?

Figure B.34 Flood area size 702.04 km?
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Figure B.36 Flood area size 720.52 km?
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Figure B.37 Flood area size 722.3 km?

Figure B.38 Flood area size 737.03 km?
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Figure B.40 Flood area size 842.35 km?
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Figure B.41 Flood area size 860.59 km?

Figure B.42 Flood area size 872.92 km?



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tech. of Info. Sys. Management) / 69

Figure B.44 Flood area size 908.28 km?
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Figure B.46 Flood area size 942.32 km?
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Figure B.48 Flood area size 1026.94 km?
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Figure B.50 Flood area size 1103 km?
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Figure B.52 Flood area size 1122.73 km?
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Figure B.53 Flood area size 1153.87 km?

Figure B.54 Flood area size 1166.25 km?
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Figure B.56 Flood area size 1222.15 km?
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Figure B.58 Flood area size 1265.24 km?
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Figure B.60 Flood area size 1346.98 km?
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Figure B.61 Flood area size 1421.1 km?

Figure B.62 Flood area size 1577.71 km?



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tech. of Info. Sys. Management) / 79

Figure B.63 Flood area size 1599.6 km?

Figure B.64 Flood area size 1635.7 km?
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Figure B.65 Flood area size 1659.44 km?

Figure B.66 Flood area size 1666.54 km?
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Figure B.67 Flood area size 1691.03 km?

Figure B.68 Flood area size 1758.17 km?
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Figure B.69 Flood area size 1771.36 km?

Figure B.70 Flood area size 1806.3 km?
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Figure B.71 Flood area size 1904.96 km?

Figure B.72 Flood area size 1914.82 km?
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Figure B.73 Flood area size 1916.57 km?

Figure B.74 Flood area size 1918.31 km?
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Figure B.75 Flood area size 1937.83 km?

Figure B.76 Flood area size 2017.92 km?
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