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ESTIMATION OF DYNAMIC SUSPENDED SEDIMENT IN THE RIVER BASIN USING
ARTIFICIAL NEURAL NETWORKS, A CASE STUDY OF UPPER LUM TA KONG
BASIN
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ABSTRACT

Volume of suspended sediment discharge is crucial for planning and managing
resources in river basins. Therefore, estimation of suspended sediment discharge is very
important. The objective of this research was to apply Artificial Neural Networks (ANNSs) to
estimate daily dynamic suspended sediment and to compare it with the Sediment Rating
Curve and actual observation at upper Lum Ta Kong basin, Nakhon Ratchasima province.

The estimation of the daily dynamic suspended sediment model consisted of two
groups, Hydrology parameters and Landscape change parameters. Landscape change
parameters were derived from the application of the Remote Sensing Technique and the
Markov model. After that, 4 models were applied in the Sediment Rating Curve, ANNs with
Discharge, ANNs with Hydrology parameters, and ANNs with Hydrology parameters and
Landscape change parameters. Finally, the best model was selected with highest coefficient of
determination for developing a computer program for the daily dynamic suspended sediment
estimation model at upper Lum Ta Kong basin.

The outcomes indicated that estimation of daily dynamic suspended sediment could
engage in all 4 models with a coefficient of determination of 0.5157, 0.9281, 0.9972 and
0.9968 respectively. ANNs with Hydrology parameters is the best model and could be used.
However, the research obtained an alternative that imitated the complex phenomena in rivers.
This research was fundamentally an application of Artificial Intelligence for study in

hydrology and can be a guideline for study of other natural resources in the future.

KEY WORDS : ARTIFICIAL NEURAL NETWORKS/SUSPENDED SEDIMENT
/ISUSPENDED SEDIMENT ESTIMATION/ RIVER BASIN
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CHAPTER |
INTRODUCTION

1.1 Statement of Problems

Problem of sediment in the river is occurring within watersheds and has
affected the living creatures whose life existence depended on activities in those areas.
Due to increasing land exploitations on the watersheds in agriculture, construction and
forest destructions, the sediment discharge in the river is increased. Land exploitations
are not only caused soil erosion, loss of water and land fertility in the watersheds but
also increase sediments discharge as well as originate all sorts of water pollution. The
water quality changed as a result from sediments entering the river has turned water
muddy without translucent and full with dynamic sediments. Changing water quality
might result from contamination with water pollution that came with the sediments,
pesticides and chemical fertilizer in the agriculture areas and also heavy metals. Water
quantity and basin characteristics are main factors in the movement of sediments.
However, size of sediments and roughness of river bed as well as shorelines barriers,
all are effected the movement of sediments, especially during the flood season.
Another contribution to the flow of sediment in the river involved with the
accumulation of sediment in the rivers, estuaries and reservoirs which had caused
turbulence (Nipon Tangtham, B.E.2545). The shallowness in the estuaries blocked the
water traffics and water drainage from the watersheds during the flood which in turn
cause flooding in the areas. In the meantime, the reservoir capacity would be reduced
which made the water discharge for original stock decreased as well. Therefore,
learning the sediment process in the river as well as the development of models helped
to explain and estimate suspended sediment in the river which was quite crucial for
further planning and managing the river basin.

At present, developing model has been used in suspended sediment estimation
in the watersheds with many applications according to technical evolution and

advancement based on objectives for expectation and estimation together with the
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application in the construction of dams and reservoirs to prevent environmental
impacts as well as conducting suspended sediment estimation based on life time use of
that reservoir because the sediment that accumulated would reduce the reservoir
capacity, thus decrease the volume of water in the reservoir. In the case of Lum Ta
Kong reservoir that had completed the construction and reserved water since 1969, its
current water capacity has been reduced to 9.464 million cubic meters based on the
last survey in 2003 (Hydrology and Water Management Center for Lower
Northeastern Region, B.E.2548).

However, constructing model to duplicate nature process was rather difficult
with complicated methods and associated with many factors. Applying Artificial
Neural Networks (ANNSs) was another way to construct model for suspended sediment
estimation to benefit planning and managing resources in the watersheds through
adaptation of hydrology method of Regression Analysis for finding association
between sediment discharge and flow of water or Sediment Rating Curve (Viraphol

Taesombut, B.E.2531). Afterward, both data was analyzed for regression to estimate

suspended sediment. However, this method produced error in suspended sediment
discharge although convenience and speedy because it was only the straight line
regression analysis of single parameter or the discharge of water flow. It was rather
difficult to apply straight line regression analysis in the explanation of suspended
sediment discharge in the river which has been dynamic natural phenomena.
Therefore, this research had applied the Artificial Neural Networks toward the
design and construction of model for daily suspended sediment estimation of the river
by selecting upper Lum Ta Kong basin as the case study because the Artificial Neural
Networks has been widely accepted in its capability and efficiency, especially the
flowing model with complexity, uneven and varied with times. Moreover, it had
reduced the difficulties in applying the model and identified type of association needed
accurately (Seree Supharatid, B.E.2544) by taking forest area percentage, disturbed
forest area percentage and agriculture area percentage (Landscape Change parameters)
in the study to apply with remote sensing technique and construct a model of
landscape change using Markov models together with different data of hydrology
parameters which were crucial for the development of the model for daily suspended

sediment estimation in river through the use of Artificial Neural Networks. Results
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from the model had been compared with actual observation of daily volume of
suspended sediments and results from daily estimation of suspended sediments that
procedures were done with regression analysis or Sediment Rating Curve by statistical
methods. Since the physical characteristic of each watershed was different from each
other, the model for suspended sediment estimation had been different as well.
Therefore, the model derived form this study was specifically appropriated for
suspended sediment estimation of upper Lum Ta Kong basin. However, the guidelines
in this study as well as concepts and study methods could be adapted for further design

and construction of models for suspended sediment estimation in other watersheds.

1.2 Research Objectives

1. To study changes in the forest, disturbed forest and agricultural areas of
upper Lum Ta Kong basin using Remote Sensing Technigue and construct a model of
landscape change using Markov model.

2. To adapt Artificial Neural Networks for designing and constructing the

models for estimation of daily suspended sediment in upper Lum Ta Kong basin.

1.3 Research Hypothesis

1. Forest area percentage, disturbed forest area percentage and agricultural area
percentage of upper Lum Ta Kong basin should be able to in find with Remote sensing
technique and Markov models.

2. Artificial Neural Networks should be able to adapt with the designs and
model constructions for daily suspended sediment estimation of upper Lum Ta Kong
basin.

3. Estimation error of root mean square error should not exceed 0.01

4. Estimation results from the developed mode should not different from actual
observation results with statistical significant level at 0.05 and Correlation coefficient

(R?) closer to 1 than applying regression analysis of sediment discharge.

1.4 Expected Benefits
1. Artificial Neural Networks model that can be used for estimation of daily

suspended sediment in upper Lum Ta Kong basin.
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2. A Guideline for Artificial Neural Networks that can be used to study natural

resources and environments conditions in other disciplines.

1.5 Conceptual Framework
Conceptual framework in this research show in figure 1.1

Conceptual framework : Estimation of Dynamic Suspended Sediments in The River Basin Using

ANNs, A Case Study of Upper Lum Ta Kong Basin

- =

i Hydrology Parameters

i
-

1. Discharge {mds
2. Mean velocity of flow
3. Width scale Ratio

4. Froude numier

5. Runoff-rainfall ratio

6. Awverage rainfall (mm) ‘%@ & _/
7. 3 days Average rainfall (mmj}

1

i Landscape Change Parameters

1

i

8. Forest (%)
9. Disturibed Forest (%)
\\ 10, Agriculture (%) /

1, Regression Madel (Sediment Rating Curve)
2. AMNs Model with Discharge
3. ANNs Model with Hydrology Parameters

4. ANNs Model with Hydrology Parameters and

Landscape Change Parameters

Choose best applied model and
Development using Visual Basic.Net

Figure 1.1 Researches Conceptual Framework

1.6 Research Scope

This research was directed at the study of landscape change parameters of
upper Lum Ta Kong basin by finding the forest area percentage, disturbed forest area
percentage and agricultural area percentage with Remote Sensing Technique and

Markov model as well as taking data of hydrology parameters essential to design and
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construction of model in the estimation of daily dynamic suspended sediment at upper
Lum Ta Kong basin with the application of Artificial Neural Networks. Then,
estimation model has been analyzed effectiveness of the model and compared with

value derived from the Sediment Rating Curve in the statistical process.

1.7 Research Duration

The research which took 12 months to complete involved with application of
LANDSAT Image Interpretation for change detection and construct a model of
landscape change using Markov model in the forest, disturbed forest and agriculture
from 1989 to 2035 as well as secondary data collection in hydrology, data detection,
Artificial Neural Networks process detection, writing computer program and analyzing

results of the research.



Marut Ratmanee Literature Review / 6

CHAPTER I
LITERATURE REVIEW

2.1 Study Area

Lum Ta Kong Basin (Figure 2.1) is the main waterway which originated from
Sangampang Range at South Eastern in Khao Yai National Park. It is 175 kilometers
long and flown north, passing Pak Chong District and turning east to Sikhiu District
and Sung Noen District. Finally, it flows into Moon River at Tha Chang Sub District,
Chaloem Phrakiat District that comprise of 2 medium size basins, Lum Ta Kong and
Huay Hin Lub which continue to flow passing through Ban Tha Maprang Community,
Pak Chong District Community until reaching irrigation area at Ban Tha Ngoy, Pak
Chong District with the length from water source to Lum Ta Kong Earth Mound
approximately 128 kilometers with the slope about 1.197 (Department of Energy
Development and Promotion, B.E.2544). Most population along the Basin makes the
livings through growing rice, fruits and farming as well as raising cattle. Water source
that originated at Pak Chong District has combined with Mool River at Chakkarat
District with water supply for the whole year. There, big Lum Ta Kong dam crosses
over the watershed. Furthermore, there are many reservoirs (Watershed Research Sub-
Division, B.E.2548). Sub Basin Lum Ta Kong with the area approximately 3,451
square kilometers or 2,156,875 rais is located in Khom Thale So District, Non Sung
District, Sikhiu District and Pak Chong District, Nakhon Ratchasima. Basin Area
consists of forests and steep slope approximately 463,940 rais with water sources of
28,429 rais and community and other areas about 80,534 rais, leaving agriculture of

1,625,647 rais (Department of Energy Development and Promotion, B.E.2544).

2.1.1 Hydrological Characteristics
Lum Ta Kong Basin consisted of 3,451 square kilometers or approximately
2,156,875 rais by divided into 3 sub basins. Upper Lum Ta Kong is a Sub Basin that

consists of 1,241 square kilometers (Figure 2.1) and shape of Rectangular Form Factor
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equaled to 0.21, height at 330 - 1,142 meters, average height 526.4 meters with the
slope of Basin at 10.5 %. The northern slope of Basin leads to order of stream (First
stream order) which equal to 4 with the density of drainage at 0.373 kilometers /
square kilometers and the density of the creek at 0.206 creek / square kilometers

(Watershed Research Sub-Division, B.E.2548).

740000 750000 F60000 F70000 730000 730000 800000

1540000 4 =+ |- 1640000

1530000} + |- 1530000

£20000} + |- 1520000

Stream
[ Lum Ta Kong Dam
elevation{m)
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[ 900-1000
] 700-800
] 600-700
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[_]300-400
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1510000 -

00000 - |- 1500000

T T T T T T
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Source :Department of Environment Quality Promotion. Ministry of Natural Resources and Environm ent , 2004

Figure 2.1 Upper Lum Ta Kong Basin (Department of Environmental Quality
Promotion, B.E.2547)

2.1.2 Geological Features

Geological structure of Lum Ta Kong River is considered one of the ancient
sites in the country. Geological forming resulted from the accumulation of sediment,
earth crust movement, and soils and rocks erosion, together with volcanic eruption in
Palaeozoic age or estimated 300-400 million years ago. The foundation rocks were
sets at korat group, kanchanaburi group, and ratchaburi group with lime stones,
sandstones, shale and diorites in Palaeozoic age. Areas along Lum Ta Kong Basin had
received heavy sediments from the flow of water accumulated at the coastal plains

until reached the height of 3,000 meters. This is considered as being the origin of
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kanchanaburi group and the lowest bedrock in Lum Ta Kong Basin. When the
surrounded areas had stopped producing sediment, erosion in the area happened
instead. At the same time, the earth crust movement made the sea water in this area
flow into other areas together with extreme erosion. The water that reflooded this area
brought along the sediment. Sea water in the area has rather high temperature with
quite shallow water as similar as Gulf of Thailand. The area has similar scenic view to
Pattaya at present. Limestones and shale that have been accumulated on the top of
kanchanaburi group is being called Ratchaburi group. From the observation of sea
carcasses embedded in the rock estimated 250 million years ago or Permian age, there
had been some sediment to form ratchaburi group at the height of 2,300 meters. Later
the magma underneath the earth crust had erupted which started the beginning of earth
organisms. Crude gigantic matters with rough edge that pertruded from upper
sediment had made big crack on the surface. Shale changed to slate and phyllite,
sandstones to quasize and ratchaburi group to marble. When everything were settled,
erosion cycle repeat itself once more when the folded earth crust broke down.
Temperature changed from semi-drought on the plain as similar to dried area of the
world. At present, there has been some evidence of red sand rocks and shale mixed
with sediments, gypsum and salt everywhere. These elements come from
kanchanaburi group. Therefore, Korat group which genererally available in
northeastern high plain originated from sediments until higher than 4,500 meters. At
the base of Korat group, it is commonly found Kanchanaburi and Ratchaburi group.
Sediments accumulation still continue until the big eruption of volcanoe at Kao Yai,
Rhyolite flows passed and seep into the ground until becoming diorites in Lum Ta
Kong Basin. Soon, erosion started again and repeated until recently small sediment is
being carried to the plain between mountains. Therefore, such accumulation happens

all over the basin (Watershed Research Sub-Division, B.E.2548).

2.1.3 Pedology Features

Soil features of Lum Ta Kong basin vary based on Topographical variation,
soil level for shallowness and depth. Soils founded here are loose soil, mixed with
sand, clay or gravels. Most soils at mountain base occurred from accumulation of

Colluvial complex. Soil attributes can be divided into 2 parts, lower watershed for
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agriculture and upper watershed for forestry. Lower watersheds are wavy like
alternated with hills and mountains. Most areas are used for agriculture. Soil texture is
quite similar to Pak Chong series and Muak Lek series which occurred from
accumulation of sediment broken down from shale and limestone. Soil has good
drainage, moisture retention with moderate fertility. Deep soil is Oxic Paleustults
(Clayey, Kaolinitic) with the mixture of fine clay. Muak Lek soil came from
accumulation of sediment broken down from shale, slate and limestone as Lithic
Haplustalfs (Loamy-skeletal mixed with dark brown color or brownish grey). Shallow
level of soil has good drainage with quite low soil fertility and easy to erode. Soil
attributes in most Upper Lum Ta Kong basin are forest areas ahich contain many set of
lands, such as, Khao Yai series, Kabinburi series, Khorat series, Lam Narai series.
Most of them are Typic Paleustults (Clayey kaolinitic) which has been piled up mostly
from sediment of sandstones for sometimes. Soil drainage is medium to good and soil
layer althernately shallow and deep with medium fertility (Watershed Research Sub-
Division, B.E.2548).

2.1.4 Climate

Upper Lum Ta Kong basin is under the influence of southeast and northeast
monsoon. Furthermore, there are infrequent storms passed by during September.
Average rainfall measures at 1,454.3 millimeters at Lum Ta Kong Water Source
Preservation Research Preservation. Upper basin in Khao Yai National Park received
the most rainfall and measured at 2,270.0 millimeters per year. Normally, rainfall
occurs mostly during May to October. The driest season happens during December to
February with average temperature measures at Lum Ta Kong Water Source
Preservation Research Center for 25.4 Celsius. Findings revealed that highest average
temperature is between March to April, estimated 34.2 Celsius and lowest during
December, estimated 15.0 Celsius (Hydrology and Water Management Center for
Lower Northeastern Region, B.E.2548). Average monthly temperature is estimated at
27.28 Celsius, maximum average annual moisture correlation at 83.4 percents and
minimum at 47.8 percents. Outdoor annual water evaporation is at 1,379.4 millimeters

(Watershed Research Sub-Division, B.E.2548)
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2.1.5 Land Utilization

Lum Ta Kong Basin in the past covered with extended large forests. At the
present, most areas are invaded and deforested to turn into the communities,
farmlands, orchards and deserted areas and others to keep up with local progress. Flora
and Fauna both permanent and seasonal (Watershed Research Sub-Division,
B.E.2548) are classified as follows:

1. Tropical Rain Forests are scattered all over and located 400-1,000
meters above the sea elevation. This type of forest located mostly at southern area of
the Basin or water source in Khoa Yai National Park. Forests consist of 3 levels with
many vines. Lower forests are extremely densed.

2. Mixed Diciduous Forests are located 400-600 meters above the sea
elevation. It can be found in the water source areas of Khao Yai National Park and
areas adjacent to the National Park with varieties of deciduous forests. There are lime
stones pertruded all over the places. During the drought, there are always wildfire
occurred.

3. Dry Evergreen Forests are located in the near southeast plain of the
basin with 100-400 meters above sea-level.

4. Grasslands and Scrub areds which originated from human from
temporary farming and road constructions.

5. Dry Dipterocarp Forests are located on eastside of the basin with
pertruded stones mostly at both sides of Tanarut Road from Kao Kaijae Mountain to
Kao Lam and Kao Ang Hin as dwarf trees without economic value.

6. Orchard Plantation are scattered all over the basin to prevent soils
erosion and preserve environment.

7. Upland Crops are grown along the basin, especially, cultivating corn
in the plain and small hills. Beside, there are more vegetables, such as beans, cotton
and cassava

8. Orchard such as, mangoes, sugar apples, jack fruits and papaya are
grown along the basin.

9. Paddy is grown at Ban Jantug, Ban Nong Jan, Ban Nong Yang Dang,
Ban Klong Yang Tai located at northeastern of the basin.
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From figure 2.2 and 2.3, during the past (from 1980 to 2000) land use in upper
Lum Ta Kong Basin had been significantly changed especially in the forest and

agricultural areas. Therefore, area changing has become significance problems in the

arca.
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Figure 2.2 Land Utilization of Upper Lum Ta Kong Basin in 1980 (Department of

Environmental Quality Promotion, B.E.2547)
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Figure 2.3 Land Utilization of Upper Lum Ta Kong Basin in 2000 (Department of
Environmental Quality Promotion, B.E.2547)

2.1.6 Erosion and Sediment Rate

Since Lum Ta Kong Basin contains large irrigation project with rainfall
catching area above the dam 1,241 square kilometers that had begun the construction
in 1964, and then finished and started to reserve water in 1969. It was constructed to
obstruct Lum Ta Kong River between Khao Khaen Lun and Khao Tan Sisaed at
Khlong Phai Sub District, Sikhiu District, Nakhon Ratchasima. From 3 times survey
of sediment in this dam, 1* time observation during 1978 gave capacity of 325.74
million cubic meters while the 2" observation in 1984 the capacity was decreased to
323.955 million cubic meters. It indicated the reduction of 1.785 million cubic meters.
Seven years after the 1% measurement, the average volume of sediment in the dam was
measured at 0.2975 million cubic meters yearly and erosion rate at 0.208 millimeter
per square kilometer per year. As for the 3" survey in 2003, the capacity revealed at
314.4906 million cubic meters in the past 19 years. Survey results indicated that

reservoir capacity reduced to 9.464 million cubic meters per year and depth of erosion
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equaled to 0.3483 millimeter per square kilometer per year (Hydrology and Water
Management Center for Lower Northeastern Region, B.E.2548).

2.2 Remote Sensing Technique

2.2.1 Remote Sensing

Remote Sensing is scientific and artful method to derive data of certain object,
area or phenomena from recorded instruments without touching targeted object. It is
done through the properties of electrical magnet as the medium for data in 3 ways
(Spectral, Spatial and Temporal) (Sura Pattanakiat, B.E.2546). In another words,
Remote Sensing is the technique to collect object data on earth without direct contact

(Rees, 2001).

2.2.2 Components of Remote Sensing Technique

1. Source of Energy

Significance component of Remote Sensing is natural energy from
electrical magnet whether or not being solar or self-generated energies. Natural
Remote Sensing is called Passive Remote Sensing while Active Remote Sensing
constructed for sending object energy to target. Therefore, Electromagnetic Radiation
(EMR) is important source of energy for Remote Sensing because EMR would spread
energy in accordance with Wave Theory with harmonic movement as fast as the speed
of light. Distance between one wave tips to another is called wave length and number
of wave tip flowing from one point to another per time unit is wave frequency. EMR
can be divided into band. Most bands used in Remote Sensing are in optical
wavelength with the length of 0.34 — 14 micrometers which can take and record
photograph with film and sensor. Band that can detect with human eyes is 0.3 -0.7
micrometers. It is divided into 3 levels as blue, green and red. Underneath the infrared
are two wide spans, near infrared to reflect energy between 0.7-3 micrometers and
Thermal infrared from 3 tol5 micrometers (U.S. Water Conservation Laboratory,

2004). Regions of Electromagnetic Spectrum are illustrated in Table 2.1.
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Table 2.1 Regions of Electromagnetic Spectrum

Electromagnetic Spectrum Wavelength
Gamma Ray < 0.03 nanometers
X —Ray 0.03 - 3.0 nanometers
Ultraviolet 3.0 nanometers - 0.4 micrometers
Visible 0.4 - 0.7 micrometers
Near Infrared 0.7 - 1.3 micrometers
Mid-Infrared 1.3 - 3.0 micrometers
Thermal Infrared 3.0-5.0 mm + 8.0 - 14.0 mm
Microwave 0.3-300.0 cm

Source: U.S. Water Conservation Laboratory (2004)

2. Earth Surface Features

Different objects on earth mostly comprise of soil, water and flora and
fauna with components and properties related to solar energy differently. Energy
process important to Remote Sensing consists of 3 processes, Absorption, Reflection
and Transmission which have different proportion depended on type of object to be
able to sort out object. Beside, in the same object, proportion of all 3 processes would
be different based on the length of band different object yields different colors, such
as, object with green colors. We see object as green color because such objects reflect
greener wave energy. Therefore, the study to sort out type of object is the study
reflection of energy (Schneider, 2005) as illustrated in figure 2.4

3. Sensor

Recording instrument is generally known as camera in different
Spacecrafts, such as, planes and satellite. Properties and camera details in each type

should be different from detail of required data.
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Figure 2.4 Spectral Reflectance Curves (After Schneider, 2005)

2.2.3 Data Preparation
Data Preparation, especially satellite data must be data appropriated for
application, usually data with fine details not less than 30x30 meters, such as,

LANDSAT-5 (TM), LANDSAT-7 (ETM+) that cover the study area, cloudless or least

cloud and without picture problems. Data would be subjected to quality checking
through Histogram Analysis prior to further studies, including data preparation on
relevant information, such as topology map (Sura Pattanakiat, B.E.2546).

2.2.4 Pre-processing

Pre-processing is image restoration or improved data for the most accuracy,
including all details as data preparation before analysis and to avoid error Systematic
errors (Rees, 2001) which consist of the following steps. .

1. Radiometric Correction is the improvement to increase clarity,
reduce fuzziness, stripe and noise in the Satellite from atmospheric interference or
receiver dysfunction, including adjusting data in the same area but different recording
date and season to be the same standard.

2. Geometric Correction is the adjustment on position of picture and
identified capacity on earth surface in geography or UTM on the map based on

geographic location for the satellite. This way, the satellite is able to display results
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and joint-analysis with other Vector and Raster through Overlay Analysis (Sura
Pattanakiat, B.E.2546).

3. Image is the method for selecting only required data for the study.

2.2.5 Image Enhancement

Improving quality of data is emphasized on details and clarity of picture as
well as increasing contrast level or putting the emphasis on the portion needed for the
study which has made object’s boundaries more transparent. This would help facilitate
Visual Interpretation (Sura Pattanakiat, B.E.2546).

Generally, it is preferred to stretch the former grey color in narrow span to
wider through mathematic that can be done in many ways. As follows:

1. Linear Contrast Stretch is the expansion of Range for more
concentration on original grey to yield better value in accordance to linear equation.

2. Histogram Equalization is Non- Linear Contrast Stretch by spreading
the grey concentration as normal spread by giving similar number of pictures in each
concentration.

3. Piecewise Stretch is the spreading grey color only the span that
needed spreading for clearity of data in that span.

4. Rationing Image is finding ratio between Bands by taking
concentration of one Band to divide with another band in the same picture. (U.S.

Water Conservation Laboratory, 2005) as follows:

The Ratio Vegetation Index (RVI) as illustrated in Equation (2-1)

PNIR
pRCd (2_ 1)

Given NIR is near infrared radiation
Red is red visible radiation
The Normalized Difference Vegetation Index (NDVI) as illustrated in Equation (2-2)

PNIR — pRed

Given NIR is near infrared radiation

Red is red visible radiation
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5. Principle Component Analysis is the analysis of main components to
stress at picture depending on the change of reflection of grey color with duplicate
value in order to develop new picture with decreasing value as well as complete details
and improved quality (Wildlife Conservation Division, B.E.2543).

6. Color Composite Image is making mixed picture from satellite by

mixing 3 bands black and white satellite pictures as illustrated Landsat-TM in table 2.2

Table 2.2 LANDSAT-TM Image

Picture | Band(blue-green-red) Properties

™ 123/BGR Giving natural green color for plants to study
the cloudiness of sediment, shallow water and

coastal areas.

™ 345/BGR Green plants to study detail differences of soil
moisture essential for soils and plants
analysis.

™ 345/BGR Green plants to study detail differences of soil
moisture essential for soils and plants
analysis.

™ 354/BGR Red and orange flora and fauna to indicate

boundary of land, water and separation of
mangrove forest (orange).

™ 254/BGR Red flora and fauna with distinct separations
of Para Plantation ( orange and pink)

™ 754/BGR Red flora gives details of different moisture in
different area.

™ 124/BGR Red flora and fauna give details sediments

along the coast.

Source: Natural Resources and Satellite Survey Division (B.E.2536)

2.2.6 Nomenclature
Nomenclature is to identify numbers and characteristics of data before

interpretation to cover information on characteristic, land utilization and all organisms
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presented in the study area as the measures for decision-making on object types (Sura

Pattanakiat, B.E.2546).

2.2.7 Unsupervised Classification

Unsupervised Classification is the translation and interpretation with computer
through ISODATA Clustering Algorithm and identifying Cluster groups in accordance
to organism covered soil before conducting field test for primary outcome verification.

This method is often used with non-familiar area.

2.2.8 Supervised Classification

Supervised Classification is translation and interpretation of satellite data based
on Training Area as being sample for area utilization from random sampling in field
work to find Mean and Standard Deviation as well as Covariance Matrix of each type
of data. Such statistical value represents data classification of total areas. Data
classifications widely used are as follows:

1. Minimum Distance to Means Classifier is classification of data by
judging at reflection of wave span in each picture point on the least distance from the
center (Average) of data type.

2. Pararellepiped Classifier is classification of data by identifying
Variance of data type from reflection of the lowest and highest wave span within the
sample area of each band.

3. Maximum Likelihood Classification is classification of data by
judging at Mean Vector and Covariance Matrix of each type of data through
hypothesis. It is assumed that each type of data has Normal Distribution before
calculating the probability of each picture in each data classification. This method
gives most accuracy and uses the least computer time.

Identified training area of each land utilization at least 3 points to select at least
30 training areas per each type of land utilization. Numbers of selected points for each
landuse type would scattered around training areas on the satellite to avoid bias on

area random sampling.
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2.2.9 Post Classification

Since data classification with computer is done with the application of Digital
Number(DN) in statistical analysis to classify data only, data and other techniques,
such as, Digital Elevation Model(DEM) and Image rationing, for example, Flora and
Fauna Index through Normalized Difference Vegetation Index (NDVI) should be
included together with improving translation and interpretation results through Image
Filtering to get rid of picture points of small areas mixing with noise as well as giving

data types continuity as accurate as possible (Sura Pattanakiat, B.E.2548).

2.2.10 Classification Accuracy

In general, Confusion Matrix Accuracy is used for comparison of results from
analysis of satellite data and Ground truth by Random Sampling for the least pictures
that needed examination with binomial probability theory as being illustrated in

equation (2-3)

N = RRE-1C RV ................. (2-3)
Given N = Least pictures for Random Sampling

p — Probability of picture accuracy

q~ = Differences between 100 - p

E = Acceptable error percentages

Later, revised and improved data for accuracy at proper level which should be

higher than 80 percents (Sura Pattanakiat, B.E.2548).

2.2.11 Change Detection
Change Detection of phenomenon to compare differences between data
occurred during simple change as well observing changes through Pairwise
Comparison Techniques. However, if one would like to monitor the changes closely,
one must analyze and compare changing data in each year continuously through
Multiple Comparison Techniques or Time Series Analysis (Eastman, 2005).
1. Pairwise Comparison Techniques is technical comparison between
data occurred in 2 spans which can be separated into quality and quantity analysis as

follows:
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a. Image Differencing is the simplest method of comparison between
data occurred in 2 spans, such as, taking 2 spans of raster data to subtract with each
other and value without variation should equal to 0. It may be comparison between
data that simply occurred during double spans, such as, subtracting data as raster in
double span where value would remain constant at 0. However, it may be
inconsistence due to data variation in double span. Therefore, it is necessary to adjust
variation of data for statistical conformity. The most popular method is to analyze data
variation through Histogram. The method to adjust variation of data for accuracy or
close to actual as much as possible is called Thresholding (Singh, 1989). After that,
derived data is taken for comparison with actual data from field survey to assess for
accuracy through Confusion Matrix Accuracy.

b. Image Rationing based on 2 key principles, first, Time Scale of
Change to correct problem of ratio effecting change analysis and reduce mitiganing
topographic effects. This method usually applies with the comparison of satellite data
in double spans that receive topographic effects from mountain ranges. This creates
problems of shadow and reflection. Operation involves with Image Rationing of
double bands in each time span, such as, taking data in green and red bands to analyze
ratio in both spans before comparison.

c. Image Regression is data analysis through Linear Regression with the
application of each grid cell value as variable to find association between double spans
based on the assumption that without Offset (effects from the sun angles or
atmospheric level) and Gain (effects as related to measurement ratio), association of
data in both time span would be linear graph.

d. Quanlitative Data is Cross—classification through Logic of
association of each possible data in double time spans by applying matrix for
comparison.

2. Multiple Comparison Techniques

Multiple Comparison Techniques is comparison between extended data
from dual time span. This method is widely known as Time Series Analysis. Data
analysis should be managed as data series that required analysis of relationships and
differences to improve data for format and structure in the same direction before

further analysis of connection and change.
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2.3 Markov Model

A Markov model is a simple model of landscape change. A first-order Markov
model assumes that to predict the state of system at time t+1, one need only know the
state of the system at time t. The main of Markov model is the transition matrix P,
witch summarizes the probability that a cell in cover type i will change to cover type |
during a single time step. The time step is the interval over which the data were
observed to change. (Usher, 1992)

Markov model, while simple, have a number of appearing properties. In
particular, they can be solved by iteration to project the state of the system. Writing
the state of the system as a vector, follow equation (2-4)

Xe=[X1 X2 X3 eeennnnnnnn. e U\ |\ T (2-4)

Where x; is the proportion of cells in types i1 at time t, a Markov model is
projected follow equation (2-5)

il =P B\l 0000000 (2-5)

That is, the state vector post multiplied by the transition matrix. The next
projection for time t+2 is continued follow equation (2-6)

X2 =Xt P = xPP =x{P? e (246)

And in general, the state of the system at time t =t + k are given by equation
(2-7) below;

T 4270 AR \ B e (2-7)

Where, x; is the initial condition of the map. Thus, the model can be projected
into the future simply by iterating through the matrix operation. (Urban and Wallin,
2002)

The model implied by the transition matrix P can also be represented as a
graph (a “box-and-arrow” diagram). An example with three cover types could be
illustrated as in Figure 2.5. Casual inspection of the graph reveals the direction of flow
in the system and suggests a succession from type 1 through type 2 to type 3, with
some recycling (possibly a disturbance) to the initial cover type (Urban and Wallin,

2002).
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Figure 2.5 A schematic box-and-arrow diagram of transition matrix P with

tree cover type (After Urban and Wallin, 2002).

2.4 Artificial Neural Networks (ANNS)

2.4.1 Artificial Neural Networks Evolution

The study of Artificial Neural Networks originated from the work of
McCulloch and Pitts (1943) in 1943. Later in 1949, Hebb (1949) was the first person
to introduce network with results compilation from hebbian learning and later applied
with many designs of ANNs. The official application of computer in calculation of
Artificial Neural Network started in 1956 by Rochester et al. (1956) which considered
the actual beginning of artificial intelligent (Al) era. From then, many researchers had
developed various designs of Artificial Neural Networks, such as, in 1958, Rosenblatt
(1958) had developed Perceptron based on 3 basic operations, Input layer, Association
layer and Output layer. Later, Hopfield (1982) invented Recurrent network and able to
solve problems of Traveling Salesman which earned him the prestige award of Nobel
Physic in that year.

The most important part in the development of Artificial Neural Networks in
subsequent researches involved with searching for process to correct Weights in the
network. Therefore, Back-propagation was constructed as theory to improve weight
from Output to Input. Presentation of such theory had made Artificial Neural Networks
widely popular since 1980 when Multilayer perceptron was invented solve problem of
Single layer perceptron

Furthermore, there were presentations of Parallel distribution processing in 8
major topics.

1) Processing Unit
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2) State of activation

3) Output function for each unit

4) Connectivity among units

5) Movement activity through linking network

6) Activation rule

7) Learning rule

8) Internal Environment

In the year 1986, Rumelhart and McClelland (1986) had presented Back-
propagation which developed from Single layer perceptron by dividing operation into
2 parts, first step, Input layer would be delivered to the network and result would be
compiled as Output layer. After that, Output would be compared with target which
caused error at this point. Second step involved with backward pass to improve weight
of Input and Bias. Since then, there had been more than 50 networks development for
Thailand. In the year 1999, Seree Supharatid (B.E.2542) had developed Artificial
Neural Networks to forecast Mool River Surface Runoff at Ubonratchathani Province
which still miscalculated due to limitation of data. Again in 2000, Seree Supharatid
(B.E.2543) had developed Back-propagation to forecast water level in Yom River,
Phrae and Sukhothai Provinces. As a result, calculation gave good results and

effectiveness more than 95 percents.

2.4.2 Principles and Concepts of Artificial Neural Networks

Artificial Neural Networks is the concept designed to copy working system of
human’s brain. It consists of processing elements with many cells that work as cells of
human’s brain by linking each cell to sent signal as output, passing Synapses and
turninh into input of Dendrites. After passed assessment process, outcome derived as
Axon in each cell to perceive data from different sources to pass to other cells with
operation concept of Synaptic Strength of linking brain’s cells as illustrated in figure

2.6



Marut Ratmanee

Dendrite

Literature Review /24

DCrendrites

%l

v
INFUT

TEACH [TRE

OUTP

TEACHING INPUT

Figure 2.6 A Model of Artificial Neural Networks (After Seree Supharatid, B.E.2544).

Method of outcome compilation within each nerve cell has the linking point

between operations in 2 ways. First, excitatory is making the incoming signal

increased frequency. Second, Inhibitory is making incoming signal decreased

frequency. With the model of ANNSs, the increasing or decreasing rate would be

identified with Weight for association between nerve cells and Artificial Neural as

illustrated in table 2.3 (Seree Supharatid, B.E.2544).

Table 2.3 Association between nerve cells and Artificial Neural Networks

No. Nerve Cell Artificial Neural
1. Cell body Unit
2. Dendrites Input
3. Axon Output
4. Synapse Weight
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Table 2.3 Association between nerve cells and Artificial Neural Networks (continued)

No. Nerve Cell Artificial Neural
5. Slow working-fast pace Speedy working-fast pace
6. Many cells Small cells (hundred)

(estimated 109 units)

Artificial Neural Networks is the model for central nervous system with
association between nerve cells that are able to perceive data and adapt to situation or
existing environment. ANNs is effective, suchas data classification and forecasting,
data compression, noise filtering. In mathetics, ANNs may be looked at as universal
approximate because of its ability to identify association between input-output which
helped to solve complex problems. Artificial Neural Networks is classified as black
box model and being a branch of Artificial Intelligence (AI). This type of model does
not require understanding in physical association of variables.

At present, Artificial Neural Networks model is widely accepted in capability
and effectiveness, especially the duplication of flow with non-linear complexity and
variation through times. However, this has not indicated the absence of foundation
knowledge in Artificial Neural Networks or data from work experiences. At the same

time, it is able to accurately identify searching data (Seree Supharatid, B.E.2544).

2.4.3 Artificial Neural Networks Structure

Artificial Neural Networks Structure is divided into 3 layers, Input layer,
Hidden layer and Output layer. Numbers of Neurons in each layer are different but
equal to number data feed into Input layer and output numbers in Output layer as well
as Hidden layer from Trail and Error. Linking Neurons in each layer may connect all
or non-connect with each other but it must connect with at least 1 Neuron in the next

layer as illustrated in figure 2.7 (Hagan and Demuth, 1996).
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Input layer ‘ Hidden layer ‘ Output layer

Figure 2.7 Artificial Neural Networks Structure

2.4.4 Working Procedures and Primary Results Compilation of Artificial
Neural Networks

Primary working process of ANNs is the operation of network to bring inputs
in order to motivate output by each input has different influenced toward output that

measured from Weight (Seree Supharatid, B.E.2544) as illustrated in figure 2.8.

Xy — 1 W,
X, W, Y
—
Z f > Output
Xy — | W 3 _2
X4 W, Non-Linearity
w
1
Bias

Figure 2.8 Primary Operations of ANNs
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From figure X ( X |, X 2, X 3 ,X 4) which is Input associated with Y as
nonlinear output . Therefore, result would be f (net) as nonlinear function in equation
(2-8)

4
Net = X W, + X W, + X,W, + X W, = z XW, (2-8)
=)

Primary results assessment of ANNSs is involved with Neurons that received
input data with weight. All data are subjected to activation as being shown in the
figure of summation (Varawoot Vudhivanich, B.E.2544) as illustrated in equation (2-

9)

T AYA TR e (2-9)
i=1
Given 1 = Total summation
Wi = Weight
X; = Input Data
I = @D >3 Y & n

Afterward, ANNs would change positive value of all data (I) to be outcome (Y)
through uncomplicated mathematics functions, such as, Logistic, Linear, Sigmoid and
Hyperbolic as illustrated in equation (2-10)

f) =™ L e (2-10)
Given f(I) = Transfer function

In the last stage ANNs as outcome of Y is subjected for last stage compilation

Z. In the same manner, it is the calculation of input data with weight before activation

of data for summation and transfer (Varawoot Vudhivanich, B.E.2544).

2.4.5 Activation Function

Preferred activation functions widely used are linear function and nonlinear
function. Samples are provided in Table 2.4 (Seree Supharatid, B.E.2544).
Table 2.4 Preferred Activated Functions

Function Type Function
Sigmoid f(x) = 1/(1+exp(-Bx))
Hyperbolic f(x) = (1-exp(-px))/(1+exp(-px))
Radial Basis Function f(x) = exp(-x2/B2))
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However, quality of function of Back Propagation learning must remain
bounded and able to find continual function. Therefore, sigmound is the most popular
function since the value remains at 0 to 1 and finding continual function can be done
conveniently without calculation of new exponential everytimes. The underlay
activated function is hyperbolic tangent with the spread of function quite similar to
sigmound, having value between -1 to +1. Preferred activiated functions are illustrated

in figure 2.9 (Seree Supharatid, B.E.2544).

f (net) e
//

Linear Step Tanh Sigmoid

Figure 2.9 Preferred Activated Functions

2.4.6 Linking Neuron in Artificial Neural Networks
Each neuron would link with other neuron as being constructed. Output of a
neuron becomes input of next neuron. Linking may be unidirectional or two-way
connection. Neuron in one layer may or may not link with other neuron in the same
layer. However, neuron in one layer must link with at least a neuronin other layer
(Hagan and Demuth, 1996)
Linking neuron between layers is called Inter-Layer Connection which
identified as follows (Varawoot Vudhivanich, B.E.2544)
1. Fully Connected
Each neuron in 1*' layer links with all neurons in 2™ layer.
2. Partially Connected
Each neuron in 1% layer links with some neuron in 2" layer
3. Feed Forward
Each neuron in 1* layer would send output to neurons in 2™ layer but
receive no feedback from neuron in 2™ layer.

4. Bi-direction
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Output from neuron in the 2" layer would send back as input of neuron

in 1* layer.

2.4.7 Learning Process for Artificial Neural Networks
Operation ANNSs involves with many learning process. The purpose of learning

is to correct weight to derive at outputas close as demand target. From such
operational principle, can be applied ANNs to widely solve problems. Learning
process is association between data and demand results to construct proper weight for
results with the least error that can be divided into 3 types as shown in figure 2.10
(Seree Supharatid, B.E.2544).

1. Supervise Learning

Supervise learning is learning through hypothesis that instructor
oversees network operation between learning as compared to networks calculation and
target as well as error that may lead to improvement of some networks parameter to
increase networks parameter as vector of x* ; p=1, 2, ....... which are sent to
network to derive at output (y”). From there, output in each design would be adjusted
to each input weight which gave calculation much closer to target.

2. Reinforcement

It is teaching that required instructor to oversee networks operation
between learning. However, with teacher to control operation, the correct answer or
target has not been presented in the networks. Therefore, result of networks calculation
should be illustrated as true or false. Networks must utilize data to better operation. If
calculation turned out correct, networks would receive reward to increase input
weight. On the contrary, if calculation was incorrect, penalty would cause reduction in
weight.

3. Unsupervise Learning

Learning without instructor usually caused error from target data.
Therefore, networks must be properly designed for input data by spreading statistical
input. This method would construct strength for weight linking to input well response
with output. At the same time, it should reduce significance roles of weak input.

Learning process is as similar as calibration in regular mathematic

model through ANNs dividing data into 3 parts. First part involves with teaching or
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networks training. Second part of data would be cross training and third part for
networks testing. Objective for learning from first part is to find weight linking
between different layers in each network which should yield close value with targeted
data. Therefore, learning at in phase requires sufficient data. Nonetheless, process in
this step may be overtraining or overfiting which can be one disadvantage of networks.
Instead of trying to understand association of Input-Output, learning is rather directed
at memorize attribute of some data which may include noisy data. Therefore, network
would yield better calculation for first part of data only. Data calculation for the latter
part is not that good. One of the methods to stop over-training is skipping learning and
only uses the second part of data which would make learning more effective.

Remaining data in the third part is being used to further testing networks.

Learning Process

A 4 A 4 A 4

[ Supervised ] [ Reinforcement ] [ Unsupervised]

= Delta Rule = Learning = Competitive
= Back- = Automata = Hebbian
propagation
= Hebbian

= Stochastic

Figure 2.10 Learning Processes of Artificial Neural Networks

2.4.8 Type of ANNs in Operation
1. Artificial Neural Networks Model for Group Identification
The most preferred ANNs is Multilayer perceptron with Back-
propagation (BP) that operates in the same way as Neural Networks with more than 1

layer of operation. This model comprises of 3 layers of structure, Input layer, Hidden
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layer and Output layer. As for learning process, it has used learning method of
available input and output. At first, input was fed into primary layer to be multiplied
with specific weight that links between bias weights that may be identified randomly.
Multiplication results then combined to transform into output through Activation
function. From there, derived output was taken for comparison with actual data or
target in order to adjust weight and reduce error in each calculation. Adjusting weight
would proceed and calculation would end when acceptable results have the least error.

2. Artificial Neural Networks Model for Data Classification

Learning association is another channel to develop Artificial Neural
Networks capability through teaching so that it can memorize “Association” of data in
each design when there is demonstration of one design toward networks that should
yield familiar output and recognize input.

Association attributes are being classified into 2 types. If designs of
associated data are similar, it represents autoassociation quite suitable to complete the
design. In the case where associated designs are dissimilar, it refers to
Heteroassociation.

3. Artificial Neural Networks Model for Appropriated Value

Finding appropriated value is another example for application of
Artificial Neural Networks Model. As example, solving problem of Traveling
salesman who wants to find traveling route or shortest route for different cities and
back to starting city. This type of networks usually depends on probability theory or
statistic to solve problem, such as, Boltzman machine.

4. Artificial Neural Networks Model for Self-management

Self-management is defined as the ability to learn and arrangement
without targeted assistance. In another words, it is Unsupervised learning. This type of
model is appropriated for geometric estimation in many forms which are quite difficult
to define in mathematics or group classification without detection, for example, people
division into man, woman, elder, youngster and children. These are natural ability.
Conceptual trend of self-management basically base on Competitive learning for

“Winner takes all” as in the model of Kohonen network.
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2.4.9 Artificial Neural Networks Adaptation
Artificial Neural Networks can be adapted for use in many disciplines (Seree

Supharatid, B.E.2544)

1. Constraint Satisfaction

Constraint Satisfaction is problems-solving with different variables as
controlling definite output, such as, problems of Traveling salesman who must choose
proper traveling route.

2. Content Addressable Memories

Applying the ability of ANNs in learning and memorize association
between input and output.

3. Control

ANN:Ss is being applied in learning and controlling movement of Robot,
including the movement of many products that involve ANNs in administration and
production management.

4. Data Compression

Data compression involves with learning and calculation to reduce
input in application withstorage of huge data and result compilation, such as,
application of satellite pictures.

5. Diagnostics

Diagnostics is the application of ANNs in various researches, such as,
engineering. In Medical, ANNs is being for diagnosis complicate illness. ANNs must
maintain relationship between input as abnormal behavior and output as identifying
patient’s illness.

6. Forecasting

Forecasting is the application of ANNSs in effectively predicting various
events, such as, tendency to market new product in order to create efficient marketing
plan. Currently, forecasting weather through ANNSs is widely popular. As for Aviation
Industry, ANNSs is being used to search for clients in responding to future demand.
Financially, ANNs is applied to exchange rate and asset management for investment

as well as the application of ANNs in analyzing strategic location of enemies.
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7. General Mapping

General Mapping involves with ANNs in different applications which
bases on the ability to decide after learning from past samples, such as, Yamaha
applied ANNSs to analyze notes from the sound of a guitar.

8. Multi-sensor Data Fusion

Multi-sensor Data Fusion is the application of ANNs in the process to
compile result from different data source, such as, data safety protection that may be
considered from image processing.

9. Optimization

Optimization is problem-solving to find proper guidelines for the most
effective outcome.

10. Pattern Recognition

Pattern recognition is the application of ANNs for learning and
perceiving problems with complex design, such as, seeing objects, analyzing tones to

interpret statement.

2.5 Simple Correlation

Determine correlation and degree or magnitude of correlations between
association of variables regardless of which variable is being cause or effect.
Therefore, Determine correlation has no dependent and independent variables, only
more or less quantity and linear association. There are 2 variables presented in
determine correlation. First, simple correlation is done by calculating more or less
quantity and direction to find correlation coefficient that put the emphasis on linear
through the study, measure or search for more or less correlation between 2 variables
regardless of cause and effect as well as measurement or verification of equation
whether or not appropriated to data (Tusanee Chungtes and Sompop Thavornying,

B.E.2530). Available formula widely used is shown in equation (2-11)

SR 1r s ) N o)
JNEx2 - 0HNT Y2 -(2y)P)
Given r = Correlation Coefficient between variable x and variable y

> x,>y = Total measurement of x and y, respectively
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>xy = Total Multiplication between x and 'y
Yx% Yy*= Square root of data from x and y, respectively
N = Sample Numbers
Interpretation of Correlation Coefficient

1) Range of r has value -1 to 0 and between 0 to +1

2) If the symbol in front of r is + or without any, it indicates positive
association between both variables and in the same direction. When one variable has
increased value, the other followed. If the symbol is -, it indicates that both variables
have negative association or opposite direction. One variable has increased value
while the other decreased.

3) Having r value at 0 or not significance is defined as two variables have
nonlinear association.

4) Having r value at significance and if value closes to 1.0 which indicated that
both variables have increased association while closes to 0 indicates lesser
associations. If value of r remains at between 0.30-0.70, one can assume that both
variables have moderate variables. In case where value of r is higher than 0.70,
association is also high. In contrast, if value of r is less than 0.30, its association would
be lower regardless of positive or negative sig. However, identified more or less value
of r is uncertained, depended on size of sample groups and their differences. If sample
groups are large with many differences, value of r would be increased. Somehow, in
some case, even r has valued more than 0.70, association may not always increased

(Boonthum Kitpredarborisut, B.E.2546).

2.6 Forecast Sediment Model of Basin

2.6.1 Sediment Process in River

Volume of sediment in river depends on stream power to caary sediment as
much as soils volume in stream cannels as well as transport capacity of overland flow.
Although, erosion in detached soil happens mostly from soil surfaces directly expose
to the rain and without soil and water conservations. Without force of water to sweep
all soil surface. Part of eroded soil would remain in the basin. Only portion that came

with water had become suspended sediment and bed Load which would be different
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under various factors, such as, watershed area and slope gradient and catchments relief
and length of main stream (Charlie Navanugraha, B.E.2546). Ratio between measured
sediment at one point of river and soil surface on-site erosion above that point is called
Sediment Delivery Ratio (SDR) which has been the association of soil erosion.
Sediment volume that has been carried into the water source became measures for

sediment volume assessment in the stream (Nipon Tangtham, B.E.2545).

2.6.2 Factors Affected Sediment Volume

1. Climate

Influence of rainfall is the most important climate factor affected
sediment volume because rain impact caused sediment to break down. Beside, rain
impact is primary cause for breaking down of the soil as well as being the key factor
for surface flooded and movement of soil particles. Wischmeier and Smith (1978) had
mentioned about influences of rainfall in Conservation Plan of U.S. Department of
Agriculture that heavy erosion happened when there was major spreading of rain
caused by enormous rainfall and soil surface emptiness or vegetation started to grow.
Findings indicated that less annual rainfall area, soil erosion form water happened less
from lacking impact to break down soil particles as well as missing surface flooded.
Soil erosion rates increased in proportion with amount of rainfall. Findings in the area
with rainfall less than 1,000 millimeters annually that soil erosion rate is minimum
because such rainfall volume would allow more growth of vegetation that provide
better soil coverage. It suggests soil erosion caused by water mostly in the moderate
rainfall area without dense vegetations. However, in the area with heavy rainfall, if
vegetations or forests are destroyed, soil erosion would immediately increase its
potential. It can be observed from rainfall erosion in different geographical areas.

By nature, rainfalls as well as surface flooded are major causes of soil
erosion, especially surface flooded creates ridges and widen existing ones. According
to the study of Manu Srikachorn (B.E.2510) through regression analysis, findings
indicated that surface runoff associated with sediment volume in 28 north eastern
regions by having influences toward suspended sediment at 72 percents as being

shown in equation (2-12).
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Y = 0.01782+0.1596 * 104w ............ (2-12)
Given Y = Sediment volume (Tons/day)
W = Surface runoff volume (cubic meter/second)

Having Determination Correlation (R”) equaled to 0.72 and t-test ratio
of 8.146 with statistical significance value.

Changing climate, such as temperature changes between day and night
or seasons would affect soil structure which lessens the bonding of soil particles.

2. Topographical Influence

Topography, such as, slope, length and slope figure are factors
effecting sediment volume. According to the study of Manu Srikachorn (B.E.2510),
findings indicated that topography had effected soil erosions in different ways because
slope is the important factor to determine volume and flowing rate of surface flooded
which would increase when the slope is also increased. In the beginning, it happened
rapidly and gradually decreased the flowing rate. In the plain area, flooded likely
occurs because of less slope. Therefore, when factors cause sand beads to break down,
area would have more slopes which able to carry more sediment to the reservoir
because of faster rate of surface flooded than the plain.

Hydrological Division (B.E.2529) had studied the sediment volume and

area in Mun Basins. Results came out the same as illustrated in equation (2-13) as

follows:
S = 3.985D' . r=095 el (2-13)
Given S = Sediment volume (tons)
D = Drainage Area (km?)

Furthermore, there had been the study on association between basin
area and suspended sediment in Thailand by predicting through Regression analysis.
(Supawadee Yimsricharoen, B.E.2541) as illustrated in equation (2-14)

Y = 2131.7A%M (2-14)

Given Coefficient of Determination (R*) = 0.6466

Given Y = Annual Suspended Sediment (tons)

A = Water Catching Area (km?)
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3. Soil Factor

Each type of soil has different ways of erosion even though erosion and
movement are subjected to the force of rain and surface flooded in the same rate. All
of this depended on important soil attributes as follows:

3.1) It ability to withstand erosion and movement involves with 3 steps
in the erosion process. From the workshop experiment, many steps in the process
happened differently depended on the type of soil. Generally, difficulties increased
together with size of soil particles. On contrary, with movement, clay particles are
more difficult to erode than sandy soils. The study was conducted with the rough soils
to find that rough soils moved immediately once the movement occurred from
changing in capacity, space between soil beads from water and air ventilation in the
hollow and without movement from tightly packed soils.

3.2) Soil absorbtion ability and high retaining ability, water movement
from soil surface to deeper layer, whether being natural holes in the ground, cracks,
holes from roots decayed or animals digging are called Infiltration. Part of water fallen
into the ground can infiltrated only when the soil is saturated. Capacity of soil
infiltration should start to stable if rainfall continues to fall. Infiltration is different
depended on soil physical attributes and size of space between soils. Soils with loose
structure and soil beads are rounded with fine soil particles packed together can absorb
water quite well. This type of soil has high resistance to soil erosion if soil beads are
not directly hit by rain as well as having less chance of surface flooded. It also has low
surface flowing ratio in rather dry area and reduced rapidly when soils started to get
wet. Eventually, it has reached stable Infiltration rate that its level depended mainly on
soil types and structure. Furthermore, amount of organic matters had important part in
this process because of its high ability to retain water. It became liaison between soil
improvement with rounded structure mostly found in soils that have already been
cradled and among grasses mixed with beans.

3.3) Soil depth is one of the key attributes to soil erosion when soil
surface as loose soil with highly organic structure has been washed away. The
remaining soils are unable to absorb water as much as it used to. This has caused

frequent surface flooded and high rate of erosion.
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4. Land Utilization
Type of vegetation and how the plants covered soil surface are
important for controlling soil erosion because of the following reasons.

- Plants prevent the rain from directly impact soil surface and
reduce its force by using trees tops to shield from and reduce the intensity of soil
erosion from surface flooded.

- Covered plants help to reduce surface flood volume and rate
which in turn also lessen soil erosion and soil movement.

- Plant’s root helps strength soil beads as well as tightly bonded
soil particles.

- Plant’s carcasses help to strength soil beads and improve
structure of soil absorption.

- Microorganism activities in the soil should increase with more
efficiency if there is some plant carcasses mixed together.

Therefore, Land utilization with flora and fauna cover soil in different ways

would effect soil erosion (Nipon Tangtham, B.E.2545).

2.6.3 Watersheds Sediment Expectation Model

Most estimation of watersheds sediment model based more on invention than
nature which full of uncertainty and varied through times. The models are available as
follows:

1. Empirical modelis the model to predict sediment volume from
sediment discharge based on whole figuration of watersheds which are model derived
from finding association between key factors through statistical application. This
would create demand variables to forecast sediment discharge from whole figuration
of watersheds. Results are already verified and devided into 3 types of statistical
analysis.

1.1) Black-box model is the model to find output from main input as

illustrated in equation (2-15)
Q. =aQ, (2-15)

Given Qs = Sediment volume in Surface Runoff Capacity

Qw = Surface Runoff Capacity
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a,b = Regression Coefficients

Empirical Model has been widely used among Hydrology Engineer and
Hydrologist, especially in Thailand where it adapted for finding suspended sediment
volume for 25 major watersheds (Nipon Tangtham, B.E.2545)

1.2) Gray-box model copied from black box model. Since black box
model failed to explain nature of sediment movement process, it has not worked with
controlling pollution that came with sediment because sediment source could not be
identified and the controlling element Qs was unknown, except area(A) which was
stable for certain watersheds or Qy, that varied along with rainfall supply and physical
area of watersheds. With this reason, there had been many soil and water
conservationists tried to construct equation of model with more physical and
biological variables by naming itas Gray-box model to show how mechanism of
operation worked.

1.2.1) Dunne Equation
Dunne equation (Dunne, 1979) is combined the design of land

utilization as illustrated in equation (2-16)

R\ /Y . .. (2-16)
Given SY = Annual Sediment Volume (ton/square kilometer/year)
Q = Annual Stream Flowing Capacity (millimeter.)
S = Relief ratio
a,b = Regression Coefficients
U = Influence from land utilization of the basin which can

be U;. Land utilization in each design would affect sediment
delivery in the stream. In this case, Dunneidentified U as
Dummy variable with 4 exceptions.

(1) When total basin areas are forests U; = U, =U3 =0

(2) If there are forests between 50-100% U; =1.0; U, =U3z =0

(3) If there are forests 50% and cultivation areas 50%, U, = 1.0; U; =U3 =0

(4) In case of all grasslands, U3 = 1.0; U; =U, =0
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The study of Dunne revealed that when leaving land utilization
variables U from the analysis, the equation would have low correlation as shown in
equation (2-17)

Log SY =-0.06+0.69 log (Q) -0.23 log (S) R*=0.11  ............. (2-17)

This indicated that land utilization is most significant variable in
the construction of Regional analysis model. Furthermore, when separating only
Forest watersheds, derived equation would yield the most accurate prediction as
shown in equation (2-18)

€W, 5 1.56Q%4 5003 R 0937 . \\.......... (2-18)

However, given negative value for S should be inappropriated
because when ratio of S increased, SY should increase as well. However, leaving S out
of analysis, the reliability in close prediction would result in the equation (2-19)

SY = L ape 0 M. (2-19)

1.2.2) The study of Suvit Kungsadal (B.E.2525) regarding Hua
Mai Nai Watersheds (18 square kilometers) at Chaingmai during 2511-2522 derived
at equation to estimate Suspended Sediments as being shown in equation (2-20) and

equation (2-21)

Qs = U\ O ORI/ .36 . ... (2-20)

When Correlation Coefficient r = 0.9754 and Testing Statistical F = 88.44 and
Qs = 73.95Qy +0.2448R, — 12.3984 For — 504.7513  ............... (2-21)

When Correlation Coefficient(r) = 0.9782 and Testing Statistical F = 113.86
Given Qs = Suspended Sediment (ton/year)

Qw = Annual Surface Runoff (cubic meter)

R, = Annual Rainfall (millimeter)

For = Forest Area (square kilometers)

1.2.3) The study of Chula Eiewphuket (B.E.2534) from data of
sediment volume and different surface runoff in the watersheds of Ping, Wang, Yom,
Nan in the North to study association between Suspended and variables which created
sediment in the watersheds as shown in equation (2-22) and (2-23).

InSS =-25.4057+4.8226 InR, +0.6758 In W,F, ... (2-22)
or SS  =9.256 * 102 Ry (W,F,)"07® ceeeeenn(2-23)
Given SS = Watersheds Outlet (millimeter/year)
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R, = Entire watershed average rainfall (millimeter)

W,F,= Result of multiplication between proportions of watersheds
quality in percentage and forestry areas thatremain in each
layer of watersheds (% in watersheds quality).

1.2.4) the study of Jumnong Pransujarit (B.E.2526) is shown in
equation (2-24) and (2-25)

SS = g(0285F0027CRY0.027Q) - 122 7146 ;F, =31.20 ... (2-24)
Given SS = Watersheds Suspended Sediments (tons/year)

CR = Total length of roads in the watersheds (kilometer)
Q = Annual flowing capacity (cms)
DF = Percentage of disturbed forest arecas

1.3) White-box model is the Empirical Model which displays all details
of how sub-systems work. It is the model of soil erosion and sediment flowing in the
watersheds, except equation of each sub-system still maintains value from research
study in each area.

2. Conceptual model is developed model from concept of how cause,
process and idea originated and consequences. These consequences are transmitted
into mathematic model, such as, international land loss equation to assess land erosion
in the watersheds before application of sediment delivery ratio (SDR).

3. Physical Base Model(PBM) is the model based on physic theory to
simulate erosion process and sediment movement, such as, finding capacity in soil
surface erosion from rainfall and flooded to find Transport capacity by judging at
Sediment settling velocity of each sediment during the flood or flow of surface runoff

in the stream.



Literature Review /42

Marut Ratmanee

(#961)3urwa ]

(8961)sse[8no(|

(L961)sse[8no(|

(L961)A93aN]
(996 1)Asrsury

pue piojmer)

931BYOSIP JUSWIPAS [BNUUY
JUSWIIPAS [BNUUY/|
931eyOSIp

JUOWIPAS [ENUUE JFBIIAY

931eyosIp JUWIP3S Are(|

931eyOSIP JUWIPAS AJre(]|

[OPOIA PIOJUR)S WIOIJ JJOUNT 90BJING

Ky1oeded Mo) [enuue ‘UONeZI[NN PUB[ ‘SLAIR PAYSIBAN|
onel uonedIINJIg pue sagejuddad

BAIR 15210 ‘Ajroeded [[eJurel pue [[BJUIRI [BUOSBIS /Y
uonedioard 2A1309157|

[opow PaysIdeMm pIojue)S

WO} JJount d0BLINS pue [[ejurel AInoy ‘amjerdduwd)

WNWIUIW /WNUWIXeW pue SABI UNS ‘S9INJBd) Wedns

191em papunois ‘1ojem age1ols Surdaas (duorerodead

[opow

PIIA JuoWIPas Surwdq */
[opow

peOo[ JuaWIpas sse[3no( 9
[opout pjord

popuadsns sse[3nog
[opowr AJ39N 't

[opou

PaysIdlem pIojuels ‘¢

93 1eyOSIp) poyow
(7361)oMunpey Jy|  JUSWIPAS [ENUUE 35IOAY WNWIXew [[ejurel A[rep pue Anoy ‘adofs ‘eare uiseq PO JuaWIPas AQYIIY] °Z
oSreyosIp UoNeZI[IIN PUB] PUB UOIIBOIJISSB[D S[I0S
(0961 )Io1UIN0,]| JUSWIPIS [enuue IFeIOAY|Y S/ ‘[[ejurer [enuue pue A[Iuoy 1Ys1oy ageroay ‘odofg uorenba 1o1uIno, °|
ERIIEIETEN| aWwo021N0 eleq padinbay [SPOIAN

(SyS7 a9 ‘weyiSue, uodiN Ul paiId) UOHBWNSH JUSWIPAS SPAYSIANEAN J0J S[OPOIA dnBWAIe|A pado[oad 'z a|qel

1UBWIPaS padojaAs( JO aW02INQ PazIJewwng Jo uoensn|jl #'9'g



M.Sc. (Inf. Man. on Env. and Res.) /43

Fac. of Grad. Studies, Mahidol Univ.

(LL6T)VT]
(LL6T) yruws

(LL61)uowoog
pue eydno)

(9L6T)I[e M|

pue Suroy j

(SL6T)saTe1008S Y

pue 20n.1g;

(SL6T)199g pue prae(|

juowIpas Jo dn 3unyeaiq
pue JUdWIPIS ‘SuIsuL ¢
[[eJurel [OBd WO} JUSWIPIS
pue ydeid gjouni aoejIng
JUAWIPS

puUe JJOUnI 90eyINg

A1ddns 1918M

pue JUWIPIS SuIsury|

JUAWIPAS pue Julsury

931BydSIp JUdWIPIS AJ1eq

‘Qouonbas AemIdrem pue (PSUI ¢ SToqUINU ‘OFLIIA0D pue|

uonezinn pue| ‘9dAy sj1os ‘[rejures Ajanoy orydei3ooan)

Ansuap syuefd pue adAy syuepd ‘adAy sqios ‘uonerodeads

WNWIXew [[ejurel A[rep pue Apnoy ‘oryder3oan)

anjerodway Ajrep

[epowr (1S €1

[opouwt s ¢l

[opou

uowojos pue vydno) ||
[opow uonisodap.
-uornejiodsues} -uorsod

JUDWIPAS IPATOYIILIS (|

[SPOW HOSVM "6

[opow 193¢ pue pPIAB('S]

9JUg.J3Joy

awod1INQO

eleq palinbay

[SPOIN

(PoNuNUOd) UOHEBWIISH JUSWIPAS SPAYSIAIL A\ JOJ S[OPOIN dnewayie] padojoasd §'z a|qe.L



Literature Review /44

Marut Ratmanee

(6861) yeiog|

(8861)p[eyIEg

pue 1yosIIE

(Z861) SWeRI[IA]

I91em AQ UI POLLIBD QWIN[OA
JUAWIPAS * O1IBI UOISOIH|
JUSWOAOW JUSWIPIS

pUB JJOUNI 90BJINS

‘On[eA JUSWIPAS PIJBWIIS
‘sjonpoad [eanynonise

plemo) SUISULI JO S109]14|

Io1eM AQ Ul paLLIBd

JUWIPAS JO OZIS

‘[[eJuUIel yores Iojje JUSWIPas

‘SUOIIIPUOD SPAYSINEM ‘IFUI[ pue
adors ‘ssauygdnor doepIns [10S ‘JuddFeURW puR| ‘A[IqeInp|
[10S PUE [[BJUIEI ‘SSOUYSNOI J0BLINS [0S JudWwoFeur

pue[ ‘Ajjiqenp [10s ‘[[ejures Jy31| pue AABY ‘UONIAIIP Pue

Sunuers ‘vonezimn puel ‘Aysuop pue sadA) sdoid ‘rojouweIp

urel  [eyurel 3ysI| pue Aaedy ‘ssauygnol aoeyans [10s ‘ado[s

Jouny yeiog'g]

[OPOIN uoIsoIF|
Apomuas] OWIHAN L1
(jopowr 103R[NO[R))
1edwy A1anonpoid
UoISoIT) [opowr DIJA 91
(W9)sAS JuowaSeURA]
I MOLISY WOIJ UOISOIH|

pue jjouny [eoruay))

(0861)VAsSN Jojunowre ‘Fuisury| SwWeans JO dNSLIAORIBYD ¢ uonenba SSO[ [10S UI SA[qBLIB A [Ppowr SINVHYED ‘S1
[[eJUIRI OB WOIJ JUSWIPS
(LL61)AdIsBIY pue uisuti jo ydein | [PPOW YHMSNYV ¥l
Rl EETENS eleq padinbay eleq padinbay Je|nanJed

(ponunuod) uoreWNSH JUSWIPAS SPAYSIJBA 10] S[OPOJA dnewdYIeA Padooadq 'z a|ge.l



M.Sc. (Inf. Man. on Env. and Res.) /45

Fac. of Grad. Studies, Mahidol Univ.

(Ze61 3sInyieg  JUSWOAOW SIUBUIUIBIUOD
pue jusmAOWy [9POIN
(9861 0101g|  WUSWIPIS JJoUNI doeJINg SImsrowy AN-NVILHHS T
"SoNeA Xopul AJIAIIONPOI | 1os pue Ayder3odo; ‘uorjeiodead ‘[rejurer ‘gunue[s Jo
pue ones uoIsory| YISud| pue Sunuels ‘[[eyures woiy mod uorsord ‘adAy (10§ [9pPOIN WOUdAHL 1T
(SL61) 200D BAIR SPAYSIEM
SPISINO LR
‘orye] SUISULI pUe UOISOIH| [PPOIN SHINVD 0T
(SL61) Sunox|  uonnyjod pue JudWIpPas [opout (uonnjjod
Jo 104e] oponaed (108 90IN0S JUI0J-UON]
‘oryes SUISULI pue UOISOI| aImmoudy) SANDV 61
CRIVEIETEN| eleq padinbay eleq paiinbay [9PON

(ponunuod) UOHEBWIISH JUSWIPAS SPAYSIAIL AN JOJ S|OPOIA drewayie] padojoasd §'z a|qe.L



Marut Ratmanee Literature Review /46

2.7 Sediment Rating Curve

Currently, the study to estimate suspended sediment in adapted hydrology in
Thailand has been done by collecting data to find association between suspended
sediment (Q;) and discharge (Q) or so called Sediment Rating Curve before taking
both data for Regression analysis to estimate of suspended sediment as shown in

equation (2-26).

Qs = KIS LI NN e (2-26)
Given Qs = Sediment discharge rating curve (tons/day)

Q = Discharge (cubic meter/second)

k,n = Regression coefficients

Therefore, Sediment discharge rating curve for estimating value of suspended
sediment from flowing data of water monthly or annual is as similar as estimated value
water flow from extended data of stage discharge rating curve. Normally, Sediment
Rating Curve should be less accuracy than rating curve because the erosion rate would
change from one storm to another, including the change in rainfall concentration, soil
conditions in the watersheds during the storm and development of covered crops.
Watersheds sediments during one storm may accumulate in the watersheds and remain
there until becoming another storm to create flood washing sediment to the end of
watersheds. Since some area of watersheds are easier for erosion than others, it can be
assumed that sediment should occur more if the storm happens at watersheds areas
that are quite easy for erosion. Therefore, association between suspended sediment
discharge and discharge is difficult to clearly (Viraphol Taesombut, B.E.2531).
Although, this method is convenience and quick, suspended sediment discharge is still
miscalculated from actual suspended sediment discharge because it only involves with
Regression analysis of one linear variable because it is difficult to explain suspended
sediment discharge in the watersheds which is dynamic phenomena through

Regression analysis.

2.8 Relevant Researches
Agarwal (2004) had studied feed-forward error back-propagation artificial
neural networks model in sediment yield daily, weekly, every 10 days and monthly to

apply with Vamsadhara Basin in India through annual hydrological data, such as,
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Average rainfall (mm), Runoff rate (m’/s), Runoff (mm), Runoff-rainfall ratio as input
and /or Sediment yield (kg/s) as output to compare the pattern-learned BPANN model
and batch-learned model. As a result, the pattern-learned multilayer back propagation
artificial neural network (BPANN) models gave better yield than batch-learned
models.

Kisi (2004) had studied the forecast and assessed the concentration of Sediment
Rating Curve through the use of Multi-Layer Perceptrons (MLP) which employed the
speed of MLP training algorithm as Levenberg-Marquardt algorithm in the process to
find proper weight of data from 2 monitoring stations of Tongue River in Montana,
The United States of America. First part of the study involved with the prediction and
data assessment of upstream and downstream station. Second part emphasized on
downstream suspended sediment data by using data from both stations. In each case
testing results from both stations were used. Testing results from MLP were compared
with other Generalized regression neural networks (GRNN) as Radial basis function
(RBF). Finding result revealed that MLP could assess better suspended sediment
concentration than other neural network techniques. However, for assessment of
maximum sediment peak, RBF should find better value of MLP and other Techniques
which indicated that result of RBF and GRNN came out better than MLP in the
assessment of total sediment load.

Yitian and Gu (2003) had constructed the model to estimate the flow and
movement of sediment in the river which developed from equation of incorporating
flow and sediment mass conservation, leading to the construction of artificial neural
networks by using river networks in the actual stage for modeling ANNs to find daily
and annual discharges of Yangtze River and Dongting Lake in China. They had made
the comparison by calculating and deriving at observed data from technical application
of ANNs. ANNSs is proven to be one of the most effective instruments to predict the
flow and movement of sediment as real-time in the complicated river network. Thus,
benefits from technical application of ANNs of model flow and sediment phenomena
are demand for data in topographical and morphometric with the same significance
accuracy level in similar model. Principles and results indicated the feasibility to mix
between foundations of Physic in the application of data from model with regular

structure of ANNSs. Therefore, application of this technique should give well
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explanation in action and ability to interpret model. At the same time, constructing
model should promote better understanding than engineering principles.

Kerem (2000) had adapted the application of artificial neural networks in the
estimation and assessment of sediment concentration. Result findings indicated
sediment concentration as similar as real observation.

In another words, assessment of concentration of sediment can be observed
from river flow values and sediment value previously located near the river. It is input
as close as actual value when testing with Mean Squared Error (MSE) and total
sediment amount. Nonetheless, value assessment from ANNs had been compared with
classical regression to find better significantly superior level.

Nagy, Watanabe and Hirano (2002) had adapted an artificial neural to assess
natural sediment concentration from training the networks to learn many natural
streams data collected from reliable source and selected water and variables for
modeling based on foundation of knowledge previously used in the analysis, originally
based dynamic laws of flow and sediment for selecting appropriated Artificial Neural
Networks and appropriated data for networks application as set purposes for Back-
propagation algorithm. As for the model parameters, they were designed for other
variables of watersheds roughly survey for the most accurated results. The
concentration of sediment volume was assessed by measurement. Model was judged
by application with other group of data from different watersheds. Normally, this new
method has given better results when compared to other formulas used to find
sediment concentration.

Sarangi and Bhattacharya (2005) had studied Artificial Neural Networks.
There were 2 models, geomorphology-based Artificial Neural Networks (GANN) and
non-geomorphology-based Artificial Neural Networks (NGANN) used in production
estimation with data application in 1995-1998 of Banha watersheds on upper Damodar
Valley in Jharkhand of India. Sediment volume from both models was compared to
estimate from Regression model in the same watersheds. Structure of ANNs models
for 2 designs were feed-forward ANNs model with back propagation algorithm which
GAN could forecast better because coefficient of determination (R?) equaled to 0.98,
model efficiency (E) equaled to 0.96 and absolute average deviation (AAD) equaled to
0.0017 after comparison with NGANN (R? = 0.94, E = 0.81, AAD = 0.006) and the
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regression model (R2 = 0.940.78, E = 0.72, AAD = 0.023) as shown in Table 2.6.
Beside, Geomorphological Parameter, such as, relief factor of form factor and drainage

factor, such as, runoff rate had helped to improve the forecast.

Table 2.6 The validation statistics of different models for randomized data sets

Maximum Minimum . o
Models i q MaximumE | MinimumE | AAD
R R
GANN 0.98 0.91 0.96 0.89 0.0017
NGANN 0.94 0.87 0.81 0.76 0.006
Regression model 0.78 NA* 0.72 NA* 0.023

* Regression model validated for one data set.

Krishnaswamy (2001) had studied Dynamic of sediment discharge to find
association between variables in Land-use and Hydro-climatology with sediment
volume through Dynamic Linear Regression Model (DLM) and humid tropical
watershed in Costa Rica. DLM had used variables in Hydro-climatology, such as,
Rainfall, Stream flow and Rainfall erosivity as for variables in Land-use, Forest cover
(%) was used, Deforestation (%yr-1) and Agriculture (%) from LANDSAT in 1979,
1986 and 1992. In conclusion, DLM had involved variables in Land-surface factor,
such as, Geomorphology, Vegetation and Hydro-climatic to find association with
sediment volume to find Log-transformation regression. Findings from the study
indicated that Forest loss and Agricultural intensification happened rapidly which

effected sediment control about 50-90 %
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CHAPTER IlI
MATERIALS AND METHODOLOGY

3.1 Materials

3.1.1 Personal Computer (PC)
1) Hardware
Operation system: Microsoft Window XP (Professional Version 2002
Service pack 2)
Language: English (Regional Setting: Thai)
Processor: Intel(R) Penttum(R) M CPU 1.60 GHz 590 MHz
Memory: 760 MB of RAM
DirectX version: DirectX 9.0c

2) Software

2.1) WinNN 97 for Window 95/98/2000/NT
WinNN 97 is artificial neural networks modeling software
package with Multilayer Feed Forward with Back Propagation
learning algorithm.

2.2) ERDAS IMAGINE version 8.7 development by ERDAS Inc

2.3) Arc View version 3.3

2.4) Visual Basic.net
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3.2 Research Methodology
Research methodology in this study show in Figure 3.1 and having details in

the process as follows:

Research Methodology : Estimation of Dynamic Suspended Sediments in The River Basin Using

ANNs, A Case Study of Upper Lum Ta Kong Basin.

Define Parameters

-

¢ Data Gollection l
LANDSAT TM Discharge
Image 1989's Water depth
1899's 2005's Channel Width

1) Data Preparation
2} Pre-Processing

|
L 4

Average rainfall

3) Image Extraction 3 days Average rainfall

Remate Sensing Technique Mean velocity
4} Image Enhancement
| Froude number

5) Nomenclature
Runoff-rainfall ratio

il 6) Classification
Construct a model of T) Post Classification
landscape change using 8} Classification Accuracy L
Markov Madel 9) Change Detection Statistical Analysis

1} Madel Developmeant
2) Model| Verification (Matrix Projection Simple Corfdlion
using the Program Markow)

3} Model Validation

k.

Landscape Change Parameters Hydrology Parameters

| |
.

Applied Models

|
: I : l

Regression Model AMNNs Model with AMNNs Model with AMNNs Model with Hydrology Parameters
(Sediment Rating Curve } Discharge Hydrology Parameters and Landscape Change Parameters

| | |
I

Comparison Applied Models

Using Coefficient of Determination

/@q WVisual Basic.Met

Figure 3.1 Research Methodology

Best Applied Model

Development Model
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3.2.1 Identify Parameter Effecting Suspended Sediment Discharge.

From review literatures parameters that affected the suspended sediment
discharge in the river were abundant and complex. Therefore, this study had identified
various parameters that based on Hydrology. It was presented in Dimensionless
Geomorphological Parameters (Sarangi and Bhattacharya, 2005; Nagy, 2002) to find
the recorded data as together with parameters in Landscape Change which derived
from classifying LANDSAT 5-TM Image (Krishnaswamy, 2001) that affected the
suspended sediment discharge in the rive(Qs) as follows:

1) Runoff rate or Discharge in m’/s (q)*

2) Mean velocity of flow (umy)*

3) Width scale Ratio (h/B)*; h = Water depth and B = Channel Width

4) Froude number (F)*; F = u, / (gh) * g = Acceleration gravity

5) Runoff-rainfall ratio(R/r) **

6) Average rainfall (mm) (ar) =
7) 3 days Average rainfall ;nm) (3ar)

8) Forest cover (%) (Fc)***
9) Disturbed Forest (%) (Df)
10) Agriculture (%) (Ag)***
Remarks: * Nagy (2002)
** Agarwal (2004)
*#%* Krishnaswamy (2001)
Function of sediment discharge in the river (Qs) could be written in the

following equation (3-1)

Qs = f(q, um, h/B, F, R/1, ar, 3ar, Fc, Df, Ag)  ......... (3-1)

3.2.2 Finding Landscape Change Parameters
3.2.2.1 Remote Sensing Technique
It was done by classifying LANDSAT Image during in the years 1989,
1999 and 2005 before finding Landscape Change parameters in upper Lum Ta Kong
basin for input in Landscape Change parameters by having details in the process as

follows:
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1) Data Preparation
Data preparation started with selection of LANDSAT image
appropriated for application by choosing data with resolution at 30 x 30 meters which
were LANDSAT-5 (TM)data that covered upper Lum Ta Kong basin, having
cloudless and the least cloud without difficult picture signals from the LANDSAT
image during in the years 1989, 1999 and 2005 at the same drought seasons from
December to March (Watershed Research Sub-Division, B.E.2548). Data were
examined for quality by histogram analysis before implementing with the next
process, including preparation on relevant base data, such as, geographical map,
Digital Elevation Model (DEM) created from contour of digital files of Department of
Environmental Quality Promotion (B.E.2547).
2) Pre-processing
The process involved with image restoration and data correction as part
of data preparation prior to analysis to make data that contained faults more
transparent and agreed with the fact as well as eliminated systematic errors (Rees,
2001). It consisted of the followings.
2.1) Radiometric Correction
It was performed to reduce unclear, blur, strip or noise that
appeared on the satellite’s data due to interference from atmospheres or faults of signal
receiver, including value correction of data in the same areas but recording in different
date to be in the same standard with histogram matching.
2.2) Geometric Correction
It was done to correct the distort position of the image and
identify rate on the earth within UTM of the map based on actual geographical
position for LANDSAT data in order to display results and analyze together with other
vector and raster through overlay analysis. As for Thailand geometric correction, map
projection in Universal Transverse Mercator (UTM) Zone 47 has been widely used in
conjunction with WGS 84 by identify 9 Ground Control Points (GCPs) in each image.
In the first step, using image to map correction to select areas clearly seen on the
geographical map with 1:50,000 of Military Map Department and LANDSAT image
as well as find the location infrequent to correction, using UTM for C-Registration.

Model for adjusting rate in the study was 2" order linear polynomial equation due to
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the uneven elevation of most geographical areas. The method for image re-sampling
consisted of nearest neighbor (Zero order interpolation) by having Root Mean Square
Error (RMSE) to accept RMSE at plus or minus value not exceeding 1.0 pixel.
Therefore, the miscalculation in the distance should not be over 30 meters.

3) Image Extraction

It was the selection of data that had already been passed Radiometric
Correction and Geometric Correction for upper Lum Ta Kong basin.

4) Image Enhancement

It stressed on the details and clarity of the image data or increased
contrast levels between objects or particular areas needed for the study which should
give clear distinction of boundaries of different objects that would make visual
interpretation much easier. In this study, original grey color in the narrow span was
subjected to Linear Contrast Stretch to expand range of the grey concentration for
higher value according to linear equation as well as making image rationing for
Vegetation Index with Normalized Difference Vegetation Index (NDVI), analyzing
with 6 band of LANDSAT TM (Band 1, 2, 3, 4, 5 and 7).

5) Nomenclature

It involved in identifying data type to specify numbers and
characteristics of data prior to data interpretation to control image interpretation per set
objectives of the study in forest, disturbed forest , agriculture, water and urban.

6) Classification

In this study, supervised classifications were used to classify the
LANDSAT TM data, with fault color combinations of various original bands (Band 3,
5) and NDVI (NDVI, 5, 3). Classification had been done to interpret LANDSAT data
for being supervised classification from the sample training area. It represented each
data type (5 types) as being specified for calculating statistical value, such as mean,
standard deviation and covariance matrix. Those statistical values were representatives
of classification of total areas. Classification contained Maximum Likelihood
Classification for examining mean vector and covariance matrix of each data type
through the hypothesis that each data type had normal distribution. Calculation of
probability of each picture must be done on order to find the data type it belonged.

Generally, this method has been the most accurate method and the most time
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consumed. At least 3 training areas of each data type must be identified and numbers
of pixels of training areas at least were 30 pixels per data type. Numbers of pixels of
training areas of each data type would spread around different areas of LANDSAT
data to avoid bias in area random sampling (Sura Pattanakiat, B.E.2546).

7) Post Classification

Since post classification with computer was done by applying with
statistical analysis only to classify data type. Therefore, in the study, image filtering
was applied for improving results and interpreting data were done with image filtering
to eliminate pixel representative of small area mingling with noise for the extension of
actual data type.

8) Classification Accuracy

Classification Accuracy through Confusion matrix accuracy by
comparing results derived from LANDSAT data analysis with ground truth by pixel
random sampling for estimation of the least pixel for verifying with binomial

probability theory as being illustrated in equation (3-2)

N A E e ... (3-2)
Given N = Least Pixel for Random Sampling

p = Probability of Pixel Accuracy

q~ = Contrast between 100 - p

E = Percent of miscalculation accepted

Afterwards, data were adjusted and corrected for accurate and
appropriated levels for over 80 percents (Sura Pattanakiat, B.E.2548).

9) Change Detection

Change Detection of different phenomenon was the comparison
between data differences during simple change to see how it happened. This study
applied Pair wise Comparison Technique to compare data pairing both years, between
1989 and 1999, 1999 and 2005, 1989 and 2005 to analyze for quantitative data for
image differencing. It involved with the simplest comparison of data differences in the
simple change by taking data in the raster form of simple change to subtract with each
other. The unchanged value would equal to 0. Results from change detection were

taken to use construct a model of landscape change using Markov model.
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3.2.2.2 Construct a Model of Landscape Change using Markov
Model

In this study, will construct a model of landscape change using Markov
model, raster maps of upper Lum Ta Kong basin (In post classification process) are
compared over tree time periods (1989, 1999 and 2005) with change detection process
to summarize the rates of transition between cover types. A Markov model of
landscape change is constructing from these transition probabilities. This model is then
projected forward in time to verify and validate the model.

The results from Markov model were the rate for forest areas change
detection in each year span, including the percentages of forest, disturbed forest and
agriculture areas in each year and the future (next 30 years from 2005) to apply as
input for Landscape Change parameters for further researches. It consisted of the
followings.

1) Model Development

In this step, will used the data from the raster maps of upper Lum Ta
Kong basin (In post classification process) are compared over tree time periods (1989,
1999 and 2005) with change detection process to summarize the rates of transition
between cover types to calculate transition probabilities for a Markov model. The
result of this step is transition probability matrix (P).

2) Model Verification (Matrix Projection using the Program Markov)

Model Verification consists of testing the model against the data used
to construct it (Haefner, 1996). In this step, will used transition probability matrix (P)
to matrix projections. Will be verify the model by initializing it with data in 1989 and
projecting it to the year 2035 by using computer program it a simple FORTRAN
program called Markov. The model input is the transition probability matrix and
vector of initial conditions (The data in 1989).

The model output consists of one line per time step (1989 to 2035)
reporting time step followed the proportion of the landscape in each cover type at that
time.

3) Model Validation

Model validation consists of testing a model against data that were not

used to construct the model (Haefner, 1996) (In this study is data in 2005).This is
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important as it is an independent test of the model. This process is comparison the
predicted landscape composition to the actual composition tallied from data in 2005.

This is a test to validate model.

3.2.3 Collecting Secondary Data

For the purpose of this study, secondary data of parameters in hydrology (as
illustrated in section 3.2.1) of upper Lum Ta Kong basin were collected dated back
from 1989 to 2005 as input for process of Artificial Neural Networks, upper Lum Ta

Kong basin as well as training and testing it.

3.2.4 Analyzing Significant Parameters to Find their Associations with
Suspended Sediment VVolume in River

The process involved with the application of statistical analysis as the testing
tools to test association between variables of the study. A simple correlation was used
to analyzing significant parameters. A simple correlation as testing associations
between independent and dependent variables to choose significant variable with the
highest correlation coefficient or over 0.60 in Hydrology (Viraphol Taesombut,
B.E.2531). Any variables with correlation coefficient lower than 0.60 would be

removed from the model.

3.2.5 Applied Models
3.2.5.1 Regression Model
Apply regression model with sediment rating curve by used discharge

parameter with made fitting curve.

3.2.5.2 ANNs Model with Discharge

Apply ANNs Model with the application of Multilayer Feed Forward
(MLFF) and Back Propagation learning (BP) algorithm (Show in Figure 3.2 and
Figure 3.3) using discharges parameter.

First step, taking discharges parameter into the process of Artificial
Neural Networks in MLFF and BP learning because it could best solve complicated

problems, especially problems in hydrology (Thongplew Kongjun, 2003). It had been
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invented as the Artificial Neural Networks with teaching methods and MLFF by
having BP learning, BP of activation function that should easily have continuance in
adjusting weight to reduce error of miscalculation in each round during learning. Then
normalizing input data give in form 0.00001 — 0.99999 (For give data have been
minimum range as same actual natural values and easy calculated in ANNs process)
following equation (3-3).
Xi' = (Xi - Xmin) Xmax-Xmin) e (3-3)
Given Xi'  1s a new data value
Xj is input data value
Xmin 18 Minimum input data value(each parameter)
Xmax 18 maximum data value(each parameter)
Input was sent forward to each level until receiving output. Then,
results of calculation were taken for comparison with actual data or target to find error.

The discovered errors would become input to adjust weight in the reverse direction as

illustrated in the Figure 3.3 (Thongplew Kongjun, B.E.2546).

Feed Forward direction ——s

Input Layer(i) Hidden Layer(j) Output Layer(k)

[Input Parameters

" A total o -

P sun - . .

Luy Z S i

'-._m,/Tb N O=f(Wurb)=[(S)).~"
ias I

<<~ - -~ Error back propagation

Figure 3.2 Researches Artificial Neural Networks Structure (After Sarangi and
Bhattacharya, 2005)
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Outputs

Inputs l—‘
—>

/s o

Featany

Back — propagation errors

Figure 3.3 Artificial Neural Networks in Multilayer Feed Forward (MLFF) and Back
Propagation Learning (BP)

As well as being calculated by equation in (3-5)to(3-8), having input
transformation steps through total summation in equation (3-4) with Sigmoid Function

as illustrated in Figure 3.4. (Thongplew Kongjun, B.E.2546)

P r—® (3-4)
i=1
Given | = Total summation)
Wi = Weight of Neuron
Xi = Input Data

1 = 1,2,3,...,n
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A 4
v

Layer m

Bias value for
Node j

Layerm-1

Figure 3.4 Steps for value change in Input for level m-1 until becoming output for

level m
el b & N (0N R A NP7 (3-5)
i=1
Given
Oi,o = I;
Nim = Total Neuronj in level m
Wi m = Weight between Node j level m and Node i level m-1
Oim = Bias value of Neuron j level m
= ! ;j=1,2 3-6
j’m_l_}_e—_Nj’m"]_ sy, 1 (-)
Given

Ojm = Outcome of Neuron j in level m
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f m(n +1) = le.’m(n) + Ale.’m(n)

Weight between Node j in level m and Node I in level

m-1 atn

Weight between Node j in level m and Node in level I in

m-1atn+1

Then designing Artificial Neural Networks was considered having

complicated steps that must go through Trial and Error before reaching the wanted

Neural Networks. The designing steps were explained as follows (Varawoot

Vudhivanich, B.E.2544).

1) Identified neural in each layer by giving first layer as input layer

which was input layer for independent and dependent variables of the study was the
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last layer as output layer of the study. As for the central layer, it was called hidden
layer that might be only 1 or more than 1 layer depended on the Trial and Error for the
least error. The number of neural in input layer would equal to number of independent
variables. Neural inside would equal to dependent variables and hidden layer
contained neural to compile results for changing input to output.

2) Identified connection between neural in different layers and neural in
the same layer for fully connected which linked each neuron in the first layer with all
neuron in the second layer.

3) Making Artificial Neural Networks knowing the association between
data and outcome to construct appropriate connection weight from Back Propagation
learning by applying training data set 80 percents of total data collected. Later,
Artificial Neural Networks was experimented with testing data set which consisted of
remaining data of 20 percents of total data collection.

Next step, identifying Root Mean Square Error (RMSE) for measuring

effectiveness of the model involved with statistical application as equation (3-9)

RMSE = (ﬁ izl_v;(tl. > z,.)z)% ................... (3-9)
Given
N = Numbers of data or total numbers
t; = Actual data or targeted data
Z; = Calculation results from model

Finally, transform data give in form actual values in output node following
equation (3-10) when networks have minimum RMSE.
Xi = (Xmax-Xmin) Xi’ * Xmin e (3-10)
Given X;" 1s a data value in networks
X; 1S estimated data value
Xmin 18 Minimum output data value

Xmax 1S Maximum output data value
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3.2.5.3 ANNs Model with Hydrology Parameters

Identified significant hydrology parameters and applied model for
Artificial Neural Networks with the application of MLFF and BP learning algorithm.
(As same as in section 3.2.5.2)

Taking parameters that had already passed statistical analysis that
resulted in correlation coefficient over 0.60 into the process of Artificial Neural

Networks in MLFF and BP learning algorithm.

3.2.5.4 ANNs Model with Hydrology Parameters and Landscape
Change Parameters

Identified significant hydrology parameters integrate with Landscape
Change parameters and applied model for Artificial Neural Networks with the
application of MLFF and BP learning algorithm (As same as in section 3.2.5.2).

Taking parameters that had already passed statistical analysis that
resulted in correlation coefficient over 0.60 and taking parameters from Landscape
Change by remote sensing and Markov model into the process of Artificial Neural

Networks in MLFF and BP learning algorithm.

3.2.6 Models Comparison each Model in Section 3.2.5 and Actual
Suspended Sediment Volume at Upper Lum Ta Kong basin

Models comparison between 3 Artificial Neural Networks models and
Sediment Rating Curve was done by coefficient of determination (R*) (Tusanee
Chungtes and Sompop Thavornying, B.E.2530) as illustrated in equation (3-11).
Zk;bi(ixﬁyi)
= =

R*=-1

T ..................

3.2.7 Model Development

Choose the best model using best coefficient of determination (R?) and written
program to construct model for estimating suspended sediment volume (Visual Basic
.Net had been used) in upper Lum Ta Kong basin which included weight derived from

Artificial Neural Networks.
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CHAPTER IV
RESULT AND DISCUSSION

This research was conducted to apply model for daily dynamic suspended
sediment estimation through the use application of ANNs at upper Lum Ta Kong
Basin with the application of 2 groups of parameters in Landscape Change parameters
and Hydrology parameters. In order to find value of Landscape Change parameters,
Remote sensing technique to interpret satellite image to identify Forest area, Disturbed
forest area and Agriculture area were used in the years 1989, 1999 and 2005 before
applying Change Detection. This was done to discover area with changes in coverage
from one type to another during each time period in order to find data for Markov
model which had been the model to forecast changes in the area based on type of
coverage in the future. Afterwards, derived outcomes must be calculated for
percentage of area based on 3 types previously mentioned. Data would be imported
into Landscape Change parameters. As for model development with ANNSs, the
Hydrology parameters had been involved in historical data derived form data
collection from the past to present of concerned division such as, Hydrology and
Water Management Center for Lower Northeastern Region and Thai Meteorological
Department. Then, each parameter was taken to find correlation coefficient with actual
suspended sediment volume. Parameter with correlation coefficient over 0.60 was
used in ANNSs application. In the study, there were 4 models developed as follows:
Regression Model (Sediment Rating Curve), ANNs with Discharge, ANNs with
Hydrology Parameters, and ANNs with Hydrology and Landscape Change
Parameters. Next, all 4 models were compared through coefficient of determination by
selecting the best model with coefficient of determination value closet to 1 to develop

program for further operation. Outcomes from this study may be concluded as follows:

4.1 Result of lIdentify Parameters Effecting Suspended Sediment Discharge.

From review literatures parameters that affected the sediment discharge in the
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river were abundant and complex. Therefore, this study had identified various
parameters that based on Hydrology and Landscape Change Parameters as follows
3.2.1 in Chapter 3.

4.2 Result of Remote Sensing Technique

4.2.1 Result of Image Classification

Results from classifying LANDSAT image during the years 1989, 1999 and
2005 before finding landscape changing factor in upper Lum Ta Kong basin had given
input in Landscape change parameters as being explained in details of the following
process: Data preparation started with selecting LANDSAT image suitable for the
application by choosing data with resolution at 30 x 30 meters which were
LANDSAT-5 (TM) data that covered upper Lum Ta Kong basin, having cloudless and
the least cloud without interfering with image signals from the LANDSAT image
during the years 1989, 1999 and 2005 as same as drought seasons from December to
March (Watershed Research Sub-Division, B.E.2548). Satellite image was examined
in quality through the application of histogram, processed radiometric correction, and
geometric correction. Then, these images would be clipped by the boundary of upper
Lum Ta Kong basin and made into image rationing for Normalized Difference
Vegetation Index (NDVI) to replace Band 4 with integrated fault color for supervised
classifications.

Supervised classifications which were used to classify the LANDSAT TM data
had included fault color combinations of various original bands (Band 3, 5) and NDVI
together with the used sample training area. It contained each data type (forest,
disturbed forest, agriculture, water and urban). This research was also used to
transform divergence to give an exponentially decreasing weight in order to accelerate
distances between classes. The scales of the divergence values may range from 0 to
2,000. Interpreting results after applying transformed divergence must be subjected to
the analysis. Those numerical divergence values were used as general rules, when
outcomes were greater than 1,900, classes should be separated. Between 1,700 and
1,900, the separation is considered quite fair. Under 1,700, the separation is indicated
poor result (Jensen, 1996). Sample training area displayed in other image’s year

presented in term transformed divergence are shown in table 4.1
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Table 4.1 Show transformed divergence values of image in the years Table 4.1a
(1989), Table 4.1b (1999) and Table 4.1c (2005).

Table 4.1a (1989)
Training Type Urban Forest Disturbed forest | Agriculture
Water 2000 2000 2000 2000
Urban - 2000 2000 1996
Forest - - 1998 2000
Disturbed forest - - - 2000

Table 4.1b (1999)

Training Type Urban Forest Disturbed forest | Agriculture
Water 2000 2000 2000 2000
Urban - 2000 2000 1994
Forest = £ 1968 2000
Disturbed forest - - - 2000

Table 4.1c (2005)

Training Type Urban Forest Disturbed forest | Agriculture
Water 2000 2000 2000 2000
Urban - 2000 2000 1996
Forest - - 1999 2000
Disturbed forest - - - 2000

From table 4.1, the transformed divergence values of image in the years 1989,
1999 and 2005 are more than 1900. It has given the indication that classes of those
images can be separated. After running classification through ERDAS imagine
software and making post classification, result from this process had yielded post
image classification. Illustration is shown in figure 4.1 with the application of

transformed divergence values in classification of differences between classes. This
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should distinctively classify differences in accordance with the theory of transformed
divergence from the study of Jensen (1996).

Upper Lumtakong Basin Post Image Classification 1989's
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n = - Water
i - Agriculture
I:I Disturbed Forest
- Forest
183009 + iz l:l Ne data
_ + R
i + —— N
w E
ol + — i
Map Source: Land sat5 Mosaic,1989,12
: GISTDA(Public Organization)
i D -’ - 20 s Ministry of Sience and Technology,
! ! Thailand
(@) Post image classifications in 1989
Upper Lumtakong Basin Post Image Classification 1999's
1998 _classes
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= + BE .
Map Source: Land sat5 Mosaic,1999,02
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(b) Post image classifications in 1999
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Upper Lumtakong Basin Post Image Classification 2005's
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Map Source: Land sat 5 Mosaic,2005,03
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(c) Post image classifications in 2005

Figure 4.1 Illustrated Post image -classifications as follows (a) Post image

classifications in 1989, (b) Post image classifications in1999 and (c) Post

image classifications in 2005

The result can be calculated for pixel mount and area of each class in other

years of image as shown in table 4.2 and table 4.3, respectively.

Table 4.2 Illustration of pixel amount for each class in other years of image

ixel Amount Disturbed )
Water | Urban Forest Agriculture
Year forest
1989 24,631 9,083 247,415 240,733 1,463,559
1999 20,714 14,742 187,094 317,930 1,444,941
2005 15,223 | 59,911 158,329 328,386 1,423,572
Table 4.3 llustration of each class area in other years of image
Area (Km?) Disturbed _
Year Water | Urban Forest Agriculture
forest
1989 15.394 5.677 154.634 150.458 914.724
1999 12.946 9.214 116.934 198.706 903.088
2005 9.514 | 37.444 98.956 205.241 889.733
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4.2.2 Result of Classification Accuracy

In this research take post image classifications in 2005 for test accuracy by
ground check in upper Lum Ta Kong basin. Ground check have 140 sample points
cover each class (forest, disturbed forest, agriculture, water and urban) by measuring
with GPS. Land cover of upper Lum Ta Kong basin as shown in figure 4.2 and ground
check points are shown in figure 4.3. After that data from ground check points taken in

classification error matrix to assess for accuracy, as being shown in table 4.4

(a) Agriculture consist

(al) Corn (a2) Sugar cane

(b) Water (c) Disturbed Forest

(d) Forest
Figure 4.2 Land cover of upper Lum Ta Kong basin; (a) Agriculture consist (al) Corn
(a2) sugar cane, (b) Water, (c) Disturbed Forest and (d) Forest
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Upper Lumtakong Basin Accuracy Assessment 2005's
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Figure 4.3 Illustration of 140 ground check points

Table 4.4 lllustration of Classification error matrix

Reference Data
Classified )
Data Water | Urban | Forest | DiSturbed Agriculture Total | User's
Forest Pixels | Accuracy
Water 8 0 0 0 0 8 100%
Urban 0 4 0 0 1 5 80.00%
Forest 0 0 16 1 0 17 94.12%
Disturbed 0 0 0 24 14 38 | 63.16%
Forest
Agriculture 0 0 0 2 70 72 97.22%
Total 8 4 | 16 27 85 140
Pixels
Producer’s | 40000 | 100% | 100% | 88.89% | 82.35% 87.14%
Accuracy

From table 4.4, the overall accuracy aqua at 87.14% was divided the total

number of correctly classified pixels by the total number of reference pixels. Error of
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omission is the percentage of pixels that should have been put into a given class but
were not. Error of commission indicates pixels that were placed in a given class when
they actually belong to another. These values are based on a sample of error checking
pixels (check points) of known land cover that are compared to classifications on the
image. Errors of commission and omission could be expressed in terms of user's
accuracy and producer's accuracy. User's accuracy represents the probability that a
given pixel should appear on the ground as it is classed (the percentage correct for a
given column divided by the total for that column), while producer's accuracy which is
the representation of the percentage of a given class should be correctly identified on
the map (the percentage correct for a given row divided by the total for that row).

Therefore, post classification in 2005 image is correct and accuracy because
suitable levels for overall accuracy should be over 80 percents (Sura Pattanakiat,
B.E.2548).

4.2.3 Result of Change Detection

This study applied Pair wise Comparison Technique to compare data pairing
both years, between 1989 and 1999, 1999 and 2005, and 1989 and 2005 to analyze for
quantitative data for image differencing. It is involved with the simplest comparison of
data differences in the simple change by taking data in the raster form of simple
change to subtract with each other. The unchanged value would be equaled to O.
Results from change detection were taken to use construct a model of landscape
change using Markov model.

The result from this processed show in figure 4.4 and can be calculate pixel
amount and area for each landscape change between other image’s years show in table
45 ,4.6 and 4.7
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Upper Lumtakong Basin Landscape Change Since 1989's to 2005's
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Figure 4.4 landscape change between other image’s years (a) 1989 to 1999, (b)
1999 to 2005 and (c) 1989 to 2005

Table 4.5 Illustration pixel amount and area for each landscape change since 1989 to

1999
Landscape change ik
Pixel Amount Area(Km?)
Agriculture to Agriculture 1,348,006 842.504
Agriculture to Disturbed Forest 105,101 65.688
Agriculture to Water 225 0.141
Agriculture to Urban 9,782 6.114
Agriculture to Forest 269 0.168
Urban to Urban 3,360 2100
Urban to Water 46 0.029
Urban to Agriculture 5,651 3532
Urban to Disturbed Forest 26 0.016
Disturbed Forest to Disturbed Forest 150,359 93.974
Disturbed Forest to Agriculture 85,802 53.626
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Table 4.5 Illustration pixel amount and area for each landscape change since 1989 to

1999(Cont.)
1989-1999
Landscape change
Pixel Amount Area(Km?)
Disturbed Forest to Urban 1,016 0.635
Disturbed Forest to Forest 3,543 2214
Forest to Forest 183,267 114.542
Forest to Disturbed Forest 62,284 38.928
Forest to Agriculture 1,831 1.144
Forest to Urban 6 0.004
Water to Water 20,443 12.777
Water to Agriculture 3,598 2.249
Water to Disturbed Forest 25 0.016
Water to Urban 565 0.353
Summarize 1,958,205 1,241.754

Table 4.6 Illustration pixel amount and area for each landscape change since 1999 to

2005
1999-2005
Landscape change
Pixel Amount Area(Km?)
Agriculture to Agriculture 1,312,750 820.469
Agriculture to Disturbed Forest 82,720 51.700
Agriculture to Water 545 0.341
Agriculture to Urban 48,695 30.434
Urban to Urban 6,604 4.128
Urban to Water 447 0.279
Urban to Agriculture 7,539 4,712
Urban to Disturbed Forest 137 0.086
Disturbed Forest to Disturbed Forest 214,369 133.981
Disturbed Forest to Agriculture 100,173 62.608
Disturbed Forest to Urban 1,031 0.644
Disturbed Forest to Forest 2,289 1.431
Disturbed Forest to Water 12 0.008
Forest to Forest 156,036 97.523
Forest to Disturbed Forest 31,026 19.391
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Table 4.6 Illustration pixel amount and area for each landscape change since 1999 to

2005(Cont.)
Landscape change 19992005
Pixel Amount Area(Km?)
Forest to Urban 118 0.074
Water to Water 14,217 8.886
Water to Agriculture 2,899 1.812
Water to Disturbed Forest 55 0.034
Water to Urban 3,543 2.214
Summarize 1,958,205 1,241.755

Table 4.7 Illustration pixel amount and area for each landscape change since 1989 to

2005
1989-2005
Landscape change

Pixel Amount Area(Km?)
Agriculture to Agriculture 1,303,638 814.774
Agriculture to Disturbed Forest 112,402 70.251
Agriculture to Water 1,102 0.689
Agriculture to Urban 45,923 28.702
Agriculture to Forest 138 0.086
Urban to Urban 4,957 3.098
Urban to Water 33 0.021
Urban to Agriculture 4,078 2.549
Urban to Disturbed Forest 15 0.009
Disturbed Forest to Disturbed Forest 124,691 77.932
Disturbed Forest to Agriculture 107,908 67.443
Disturbed Forest to Urban 4,777 2.986
Disturbed Forest to Forest 3,335 2.084
Disturbed Forest to Water 8 0.005
Forest to Forest 154,838 96.774
Forest to Disturbed Forest 91,005 56.878
Forest to Agriculture 1,371 0.857
Forest to Urban 355 0.222
Water to Water 14,079 8.799
Water to Agriculture 6,378 3.986
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Table 4.7 Illustration pixel amount and area for each landscape change since 1989 to

2005(Cont.)
1989-2005
Landscape change i .
Pixel Amount Area(Km?)
Water to Disturbed Forest 153 0.096
Water to Urban 4,021 2.513
Summarize 1,981,184 1,238.241

Outcomes from change detection previously mentioned would be further
applied with the development of Markov model by applying outcomes of Landscape
Change between class type during in the years 1989-1999 to find value of transition
probability matrix (P) for verification Markov model, together with outcomes of
interpretation of satellite image in 2005 which had passed accuracy assessment

process in model validation of Markov model.

4.3 Result of Model Development of Landscape Change using Markov Models

In this study, a model of landscape change was developed by using Markov
model and raster maps of upper Lum Ta Kong basin (post classification process) as
being compared between two time periods (1989 and 1999) with change detection
process to summarize the rates of transition between cover types. A Markov model of
landscape change is developed from these transition probabilities. This model had
projected forward in time to verify and a use post image classification in 2005 to
validate the model.

The results from Markov model were the rate for change detection in each year
span, including the percentages of forest ,disturbed forest and agriculture areas in each
year and the future (next 30 years from 2005) to apply as input for Landscape Change
parameters for further researches. It consisted of the followings.

4.3.1 Result of Model Development

The result in this step, will be used the data from the raster maps of upper Lum
Ta Kong basin (In post classification process) are compared over two time periods
(1989 and 1999 data in table 4.5) for make Raw tally matrix (Show in table 4.8) and
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used change detection process to summarize the rates of transition between cover
types to calculate transition probabilities for a Markov model. The result of this step is
transition of probability matrix (P) over a 10-year time step and transition probability
matrix (P) over an annual time step, illustration is shown in table 4.9 and table 4.10
respectively.

Table 4.8 Illustration of Raw tally matrix (1989 - 1999)

Type -\Cv%t(gz)r: urban forest di?(t)urggted agriculture
From (i): water 20443 565 0 25 3598
Urban 46 3360 0 26 5651
Forest 0 6| 183267 62284 1831
Disturbed Forest 0 1016 3543 150359 85802
Agriculture 225 9782 269 105101 | 1348006

Table 4.9 Illlustration of transitional probability matrix (P) over a 10-years time step

To (j): disturbed :
Type water urban forest forest | 29 riculture

From (i): water | 0.829970 0.022939 | 0.000000 | 0.001015 0.146076

Urban 0.005064 0.369922 | 0.000000 | 0.002862 0.622151

Forest 0.000000 0.000024 | 0.740808 | 0.251766 0.007401

Disturbed Forest | 0.000000 0.004221 | 0.014718 | 0.624622 0.356439

Agriculture 0.000154 0.006685 | 0.000184 | 0.071821 0.921157

Table 4.10 Illustration of transition probability matrix (P) over an annual time step

To (j): disturbed

Type water urban forest forest Agriculture | Total
ng:e(;): 0.982997 | 0.002294 | 0.000000 | 0.000101 0.014608 | 1.0000

Urban 0.000506 | 0.936992 | 0.000000 | 0.000286 0.062215 | 1.0000

Forest 0.000000 | 0.000002 | 0.974081 | 0.025177 0.000740 | 1.0000

Disturbed

Forest 0.000000 | 0.000422 | 0.001472 | 0.962462 0.035644 | 1.0000

Agriculture | 0.000015 | 0.000668 | 0.000018 | 0.007182 0.992116 | 1.0000
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4.3.2 Result of Model Verification

Model Verification is done as testing the model against the data used for
constructing model (Haefner, 1996). Result in this step, used transition probability
matrix (P) over an annual time step to matrix projections is shown in table 4.10. Pixel
amount in 1999 (in table 4.2) would be employed and then converted to proportion in
each cover type (Show in table 4.11) for verify the model and the use proportion in
each cover type in 1989 for initial conditions. Later, data was applied to year 2035 as
being shown in appendix A by using computer program it a simple FORTRAN
program called Markov program.

The model output is consisted of one line per time step (1989 to 2035) to
report time step following the proportion of the landscape in each cover type at that
time.

Table 4.11 Illustration of proportion in each cover type in various years

Type .
water urban Forest dliturbed agriculture
orest
Year
1989 0.012406 0.004575 | 0.124616 | 0.121250 0.737153
1999 0.010433 0.007425 | 0.094234 | 0.160132 0.727776
2005 0.007667 0.030175 | 0.079746 | 0.165399 0.717013

4.3.3 Result of Model Validation

Model validation is consisted of testing a model against data that had not been
used for constructing the model before. (Haefner, 1996) (Used data in 2005).This is
quite crucial as being an independent test of the model. This process is the comparison
between the forecast landscape and the actual composition tallied from data in 2005
(Show in table 4.12). This test had been done to validate the model. The result in this
process is shown in term of Root Mean Square Error (RMSE) for measuring model

effectively.
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Table 4.12 Illustration of proportion in each cover type at 2005 (Actual
Composition) and predicted landscape composition. (Independent test
of the model)

Type disturbed

water | urban | forest Agriculture | Remark
Year forest
2005 0.008 0.030 0.080 0.165 0.717 Actual
2005 0.010 0.008 0.085 0.162 0.736 Predicted

Table 4.12 has displayed RMSE aqua as equal as 0.013. Therefore the result of
forecast landscape with Markov model is quite suitable and effective for future
forecast of changes in proportion landscape at upper Lum Ta Kong basin.

Outcomes from Markov model (in appendix A) had turned into Landscape
Change parameters (Forest %, Disturbed forest %, Agriculture % in each year) that
would be further applied with the model application process of ANNS.

4.4 Result of Collecting Secondary Data

For the purpose of this study, secondary data of parameters in hydrology
(Section 3.2.1 in Chapter 3) of upper Lum Ta Kong basin were collected dated back
from the years 1989 to 2005 as input for process of Artificial Neural Networks, upper
Lum Ta Kong basin as well as training and testing it. The hydrology data were
consisted 303 records (as shown in appendix B) with collected by Hydrology and
Water Management Center for Lower Northeastern Region for 1989’s data to 2005’s
data. Rainfall data were collected by Thai Meteorological Department (since the years
1989 to 2005). However, data was lacking the continuity of data during the years 1992
— 1997 without collected Hydrology Data. Therefore, intended research data must be

actual store data.

4.5 Result of Analyzing Significant Parameters to Find their Associations with
Suspended Sediment Volume in River

Testing outcomes of correlation coefficient between independent variables and
dependent variable of the study (illustration in equation 3-1) was done through simple

correlation to test for associations (illustration in appendix B) and choosing significant
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variable either with the highest correlation coefficient or above 0.60 in hydrology
(Viraphol Taesombut, B.E.2531). Any variables with correlation coefficient lower than
0.60 would be removed from the model development. This have resulted in 3
independent variables consisted of discharge, width scale ratio and 3 days average
rainfalls either with the highest correlation coefficient or over 0.60 and correlation
coefficient aqua as equal as 0.756, 0.701 and 0.610, respectively. Results analysis of
correlation coefficient had resulted in Hydrology factor for 3 parameters by having 2
parameters in discharge, width scale ratio as similar as the study of Sarangi and
Bhattacharya (2005), and Nagy et al. (2002). As for 3 days average rainfalls it would

be parameter which happened from this study.

4.6 Result of Applied Model

4.6.1 Result of Regression Model or Sediment Rating Curve (SRC)

Applied regression model or Sediment Rating Curve was done with discharges
parameter through to fit function based on data collection which resulted in equation of
Sediment Rating Curve as same as equation (4-2). Result from estimation is shown in

appendix C.

Qi=aQy N L L v (4-1)
When Qs is suspended sediments (Tons/day)

Qu is discharges (m®/s)
a equal to 1.54158
b equal to 1.81525
Determination coefficient in training and testing process had been calculated
that resulted in the value as equal as 0.5074 and 0.7355, respectively (Figure 4.5 and
Figure 4.6).
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Figure 4.6 the estimated result in testing process by SCR model
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Later, total determination coefficient (combination training and testing) was
calculated by taking entire data from both processes to find value of determination
coefficient for this model. As a result, R? value is equaled to 0.51272 (Figure 4.7).
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Figure 4.7 the estimated result by SCR model.

4.6.2 Result of ANNs Model with Discharge (ANND)

Applied ANNs model was transformed into normalized input data (Discharge)
by assigning value of 0.00001 — 0.99999 (for give data have been minimum range as
same actual natural values and easy calculated in ANNSs process) and identified
applied ANNs model. Result of applied ANNs model with the application of
Multilayer Feed Forward (MLFF) and Back Propagation learning (BP) algorithm
through the use of discharges parameter together with Trial and Error processes.

In conclusion, the appropriate network is 1-8-10-1 MLFF with BP (Figure 4.8).
It has minimum RMSE equal to 0.03287 and 0.00301 in training and testing process in

order.
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Figure 4.8 1-8-10-1 MLFF with BP Networks by running with WinNN 0.97

Afterwards Sensitivity Analysis (appendix C) was operated for exploring

suitable Leaning Rate and Momentum value (Figure 4.9 and Figure 4.10). Outcomes

of this process had yielded suitable Leaning Rate as equal as 0.1 and appropriate
Momentum value of 0.8. It has minimum RMSE equal to 0.032256 and 0.002944 in

training and testing process in order.
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Figure 4.10 ANND model sensitivity analyses for exploring suitable Momentum
value in training (a) and testing (b) process when Learning Rate is
equaled to 0.1
Then determination coefficient in training and testing process would be
calculated and value should be equaled to 0.9268 and 0.9789, respectively (Figure
4.11 and Figure 4.12).
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Figure 4.11 the estimation result in training process by ANND model
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Later, to ., ( 6 ining and testing) was
calculated by taki value of determination
coefficient for this . R? value is equaled to

0.9281 (Figure 4.13).
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Figure 4.13 the estimated result by ANND model
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4.6.3 Result of ANNs Model with Hydrology Parameters (ANNH)

Given significant Hydrology parameters with correlation coefficient over 0.60
in section 4.5, they would have 3 independent variables to be used with discharge,
width scale ratio and 3 days average rainfalls as 3 inputs layer and 1 output layer as
suspended sediment value. Then normalized input data (in each parameter) was
assigned from 0.00001 — 0.99999 (for give data have been minimum range as same
actual natural values and easy calculated in ANNs process) and apply model by used
Artificial Neural Networks with the application of Multilayer Feed Forward and Back
Propagation learning algorithm with Trial and Error processes.

In conclusion, the suitable network is 3-9-10-1 MLFF with BP (Figure 4.14).
It has the minimum RMSE as equal as 0.006891 and 0.001603 in training and testing
process, respectively.
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Figure 4.14 3-9-10-1 MLFF with BP Networks by running with WinNN 0.97

Afterwards operate Sensitivity Analysis(appendix C) to explore appropriate
Learning Rate and Momentum value.(Figure 4.15 and Figure 4.16), results from this

process have contained appropriate Learning Rate equal to 0.2 and appropriate
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Momentum value equal to 0.9 .It had the minimum RMSE equal to 0.006891 and

0.001603 in training and testing process in order.
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Figure 4.15 ANNH model sensitivity analyses for explored appropriate Learning Rate
in training (a) and testing (b) process when Momentum value equal to
0.8.
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Figure 4.16 ANNH model sensitivity analyses for exploring suitable Momentum

value in training (a) and testing (b) process when Learning Rate equal

t0 0.2.

Then determination coefficient had been used for the calculation of training

and testing process that equal to 0.9973 and 0.9999 in order. (Figure 4.17 and Figure

4.18)
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Figure 4.18 the estimation result in testing process by ANNH model.
Later, total determination coefficient (combination training and testing) had
been calculated by taking entire data from both processes to find value of
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determination coefficient for this model. As a result, R* value is equaled to 0.9972

(Figure 4.19). The result in process is shown in appendix D.
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Figure 4.19 the estimated result by ANNH model.

4.6.4 Result of ANNs Model with Hydrology Parameters and Landscape
Change Parameters (ANNHLC)

Significant hydrology parameters (discharge, width scale ratio and 3 daily
average rainfalls) which integrated with landscape change parameters are consisted of
forest area percentage, disturbed forest area percentage and agriculture area percentage
from Markov model results. Then normalized input data (each parameter) are assigned
values of 0.00001 — 0.99999 (for given data at minimum range as same as actual
nature values and simple calculation in ANNSs process) as well as identifying apply
model for Artificial Neural Networks with the application of Multilayer Feed Forward
and Back Propagation learning algorithm with Trial and Error processes.

In conclusion, the appropriate network is 6-9-10-1 MLFF with BP (Figure
4.20). It has minimum RMSE equal to 0.006382 and 0.003775 in training and testing

process in order.
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Figure 4.20 6-9-10-1 MLFF with BP Networks by running with WinNN 0.97

Afterwards operate Sensitivity Analysis (appendix C) for explored appropriate

Learning Rate and Momentum value (Figure 4.21 and Figure 4.22). Result in this

process have appropriate Learning Rate value equal to 0.1 and appropriate Momentum
value equal to 0.8 .It has minimum RMSE equal to 0.006367 and 0.00354 in training

and testing process in order
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Figure 4.22 ANNHLC model sensitivity analyses for explored appropriate
Momentum value in training (a) and testing (b) process when

Learning Rate equal to 0.2

Then will be calculate determination coefficient in training and testing process

that equal to 0.9972 and 0.9992 in order (Figure 4.23 and Figure 4.24).
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Figure 4.23 the estimation result in training process by ANNHLC model.
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Figure 4.24 iof t in testir ANNHLC model.
Later, total deterr ficient | ion training and testing) was
calculated by taking entire data frc ' _ esses to find value of determination

coefficient for this Model. As a result, R? value is equaled to 0.9968 (Figure 4.25). The

result is shown in appendix C.
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Figure 4.25 the estimated result by ANNHLC model.

4.7 Result of Models Comparison each Model in Section 4.6 and Actual
Suspended Sediment Volume at Upper Lum Ta Kong Basin

Models comparison between 3 Artificial Neural Networks model and Sediment
Rating Curve was done by coefficient of determination (R%) (Tusanee Chungtes and

Sompop Thavornying, B.E.2530).The result is shown in table 4.13.

Table 4.13 Models Comparison

Model RMSE Coefficient of Determination(R?)
Type Training Testing Training Testing Total
SRC - - 0.5074 0.7355 0.5157

ANND 0.032256 0.002944 0.9268 0.9789 0.9281

ANNH 0.006891 0.001603 0.9973 0.9999 0.9972

ANNHLC | 0.006367 0.003540 0.9972 0.9992 0.9968

Outcomes from table 4.13 indicated that all 4 models which had applied from

this research may be used to estimate overall daily suspended sediment discharge,
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especially all 3 models of ANNs. However, considering effectiveness in model
estimation with coefficient, including Training and Testing process, findings indicated
that all 4 models have given different values which ANNH Model provided maximum
coefficient of determination(nearest to 1). Therefore, in this study, ANNH Model had
been used to develop daily suspended sediment estimation model in next step.

4.8 Result of Model Development

Choose the ANNH model as the best of 4 Models and written computer
program to construct model for estimating daily suspended sediment volume (Visual
Basic.Net had been used) in upper Lum Ta Kong basin which included weight derived
from 3-9-10-1 MLFF with BP as illustrated in Figure 4.26. Code of computer program

is shown in Appendix E.

Figure 4.26 Computer Program for estimating daily suspended sediment volume in

upper Lum Ta Kong basin.

4.9 Discussion

4.9.1 Remote Sensing Technique and Markov Model

In this study Remote Sensing Technique was being applied in the interpretation
of satellite image to find area in each covered item. This research had displayed the
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capability of this technique to find area in each covered item and outcomes could be
applied in Markov model to effectively forecast Landscape change. This finding was
coincided with the research of Johnson and Sharpe (1976) and Hall et al (1991).
Therefore, this study should be benefited and adapted for the research of forecasting
Landscape Change in other areas. Furthermore, Markov model could be used together
with other technique to forecast Landscape Change in term of area. For examples, the
application with Cellular Automata (Wu and Webster, 1989) could display area in
each cover type. Therefore, in the future, this model development should be more

diversified in accordance with holistic knowledge and modern technology.

4.9.2 Suspended Sediments Estimation in River using ANNs and
Comparison with Sediment Rating Curve

Outcomes from the application of model indicated that estimation of daily
dynamic suspended sediment could engage in all 4 models: Sediment Rating Curve,
ANNs with Discharge, ANNs with Hydrology Parameters, and ANNs with Hydrology
and Landscape Change Parameters which may estimate suspended sediment. Artificial
Neural Networks with the application of Multilayer Feed Forward and Back
Propagation learning algorithm are suitable and may be well applied with the
development of model for estimating daily suspended sediment regardless of numbers
in parameters provided that Learning Rate and Momentum value must agree with the
structure of each model to find Global minimum error. Outcomes from the application
of ANNs model were coincided with the research of Kerem (2000), Nagy, Watanabe
and Hirano (2002), Agarwal (2004), Kisi (2004) and Sarangi and Bhattacharya (2005)
because it had been proven that holistic knowledge and technology in ANNs could be
used to develop model for estimation of daily suspended sediment discharges.

As for comparison in the outcomes of Sediments Rating Curve and all 3 ANNs
models, findings indicated that all 3 ANNs models have contained coefficient of
determination (R?) nearer to 1 than Sediments Rating Curve model. Derived outcomes
were coincided with the study of Kerem (2000) and Sarangi and Bhattacharya (2005)
who had compared ANNs with Regression model (Sediments Rating Curve). They had
founded that ANNs contained coefficient of determination nearer to 1 than Regression

model.
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Therefore, the strength of this study can prove and confirm that ANNs with the
structure in MLFF with BP is suitable for developing model in daily suspended
sediment estimation. Moreover, the application of ANNsin the development of
suspended sediment estimation model in upper Lum Ta Kong basin is currently
suitable, especially in the study that may become good example for application of this
technique in other basin. From this study, computerized program had been developed
with the structure of ANNH model (Follow 4.6.3) which derived from the experiment
and proved to be the most effective in daily suspended sediment estimation in upper
Lum Ta Kong basin. Therefore, if the developed program had been used, suspended
sediment estimation should be closer to daily actual sediment.

Moreover, developed program under technology and holistic knowledge in
ANNSs could effect existing divisions of the Royal Irrigation Department that had been
collected data and estimated daily suspended sediment through Sediments Rating
Curvein Lum Ta Kong basin. Since Sediments Rating Curve has been used in
estimation of daily suspended sediment for more than 25 years, new technology may
be unable to penetrate.

Therefore, outcomes from the study and development of model are considered
as one among other alternatives with effective technology for operation. In the future,
if the researches in ANNSs are being adapted for various disciplines in hydrology.
Then, acceptance in actual application should increase as well as having tendency for
improving technique in numerous ANNs model. Estimation of daily suspended
sediment should have value as close as actual value of measured suspended sediment.
This should result in wide acceptance and application of ANNSs in estimation of daily

suspended sediment and other disciplines of Hydrology in Thailand.
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusion

This research was aimed at model application for estimation of daily dynamic
suspended sediment in river using Artificial Neural Networks at upper Lum Ta Kong
basin as well as comparing with model of Sediment Rating Curve that had been used
to estimate the current daily suspended sediment by the Royal Irrigation Department.
In this research, influential factors towards estimation are consisted of 2 groups in
Hydrology parameters and Landscape change parameters by Hydrology parameters
that had passed the statistical analysis to find correlation coefficient with actual
suspended sediment that value over 0.6. There are 3 parameters available (discharge,
width scale ratio and 3 days average rainfalls). As for Landscape change parameters, it
is consisted of forest area percentage, disturbed forest area percentage and agriculture
area percentage derived from the application of Remote sensing technique and Markov
model development. During the interpretation of satellite image for classify landscape
type in the years 1989, 1999 and 2005, findings suggested that such technique could
effectively yield classify landscape type with accuracy as much as 87.14% as
compared to actual area with accuracy assessment. After that, each type of landscape
change during the years 1989 — 1999 should be applied in the development of Markov
model to find the value of such parameters yearly from 1989 to the forecast year in
2035. Outcomes from the development indicated that Markov model may be used in
the accurate forecast of landscape type in each year. As a result from validate model
through the application of data in landscape type in 2005, the model RMSE has valued
as equal as 0.013. Therefore, the result of predicted landscape with Markov model is
appropriate and effectively for prediction proportion landscape change in upper Lum
Takong basin in the future.

After deriving at both groups of Parameters, 4 more models had been
developed in Sediment Rating Curve, ANNs with Discharge, ANNs with Hydrology
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Parameters, and ANNs with Hydrology and Landscape Change Parameters. Findings
indicated that all 4 models may be used for estimation of daily suspended sediment
with coefficient of determination as equal as 0.5157, 0.9281, 0.9972 and 0.9968.
Finally, selecting model with coefficient of determination nearest to 1 or choosing
ANNs with Hydrology Parameters to develop program for estimation of daily dynamic
suspended sediment in Upper Lum Ta Kong basin.

Research outcomes are concluded as follows:

1. Application of Remote Sensing Technigue and Markov model development
in the study of Landscape change are effective technique that quite beneficial to the
study of ecology landscape change in the upper Lum Ta Kong basin.

2. Holistic knowledge and technology in developing ANNs model which may
be well adapted for estimation of daily dynamic suspended sediment in upper Lum Ta
Kong basin. This model has given effective decision than Sediment Rating Curve
model.

3. Besides, outcomes of this research has proved and confirmed the
effectiveness of ANNs model in Multilayer Feed Forward with Back Propagation
learning algorithm. Later, it worked well in solving complex hydrological problems
which should be the valuable guidelines (Appendix F) in the future research in

hydrology and other environmental issues.

5.2 Recommendations

This research has provided recommendations in 2 areas: Remote Sensing
Technique and Markov model development, and applying model for estimation of
daily suspended sediment through the application of ANNs with the following details:

5.2.1 Remote Sensing Technique and Markov Model development

1) Application of Remote Sensing in the interpretation of satellite image
requires preparation of satellite image that covers the study area and already passed
Pre-processing before any interpretation, especially if it is involved with Radiometric
Correction and Geometric Correction. This is the step to match positions on the image
with exact positions on earth which should make post image classification more

accurate in area data.
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2) Adapting Markov model in the study of Landscape Change is a simple
model that based on features and model of change in landscape type in certain period
only. Because the developed model is made for the study area only, it cannot be
applied with other factors. Outcomes would reveal proportion of landscape type in
each year, starting from the application of data to construct a model until reaching the
year expected future forecast. In reality, many more factors are involved with changes
in the area such as, population growth, economy, and utilization policies. Therefore,
the application of Markov model with other areas with complex changes in the area
should take other factors into consideration.

3) For future research, guidelines from this study should be further developed
through the application of Markov model together with other disciplines such as,
Cellular Automata technique or other Landscape Change models for effective
knowledge integration.

5.2.2 Recommendations for ANNs Application for Estimation of Daily
Dynamic Suspended Sediment

1) In the process of data normalized before being input in the development
process of ANNs should identify suitable data because actual value are complex and
wide. It should not be too narrow span which may result in negative estimation of
ANN:Ss that disagree with nature actual value.

2) Estimation of ANNs model has resulted from learning past recorded data.
Therefore, applied ANNs model should give accurate estimation if input data is
between the lowest to the highest value that have been used to train a model. If the
data is outside that range, value estimation could result in error which may be
considered as strict limitation of applied ANNs model.

3) For future research, holistic knowledge and technology of ANNs in MLFF-
BP should be adapted for the study in hydrology and other environmental areas
because it is highly capable of solving complex nature problems. However, in the
development, Learning Rate and Momentum should be adjusted to suit the structure of
ANNSs or applied other techniques to derive at Global Minimum Error of networks.
For example, the application of GA (Genetic Algorithm) together with ANNs as well

as reducing time frame in the development of model.
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Appendix A: Result of Markov Model
Table A.1 Result of Markov Model

M.Sc (Inf. Man. on Env. and Res.) / 109

Vear (%) in each cover type
Forest | Agriculture | Disturbed Forest

1989 12.50 73.70 12.10
1990 12.20 73.60 12.50
1991 11.90 73.50 12.90
1992 11.60 73.50 13.20
1993 11.30 73.40 13.50
1994 11.00 73.40 13.80
1988 10.80 73.40 14.10
1996 10.50 73.40 14.40
1997 10.30 73.40 14.70
1998 10.00 73.40 14.90
1999 9.80 73.40 15.10
2000 9.50 73.40 15.30
2001 9.30 73.40 15.50
2002 9.10 73.50 15.70
2003 8.90 73.50 15.90
2004 8.70 73.60 16.00
2005 8.50 73.60 16.20
2006 8.30 73.70 16.30
2007 8.10 73.80 16.40
2008 7.90 73.80 16.50
2009 7.70 73.90 16.60
2010 7.60 74.00 16.80
2011 7.40 74.10 16.80
2012 7.20 74.20 16.90
2013 7.10 74.20 17.00
2014 6.90 74.30 17.10
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Table A.1 Result of Markov Model (continued)

Vear (%) in each cover type
Forest | Agriculture | Disturbed Forest

2015 6.80 74.40 17.10
2016 6.60 74.50 17.20
2017 6.50 74.60 17.30
2018 6.30 74.70 17.30
2019 6.20 74.80 17.40
2020 6.10 74.90 17.40
2021 5.90 75.00 17.40
2022 5.80 /Al 17.50
2023 5.70 75.20 17.50
2024 5.60 75.30 17.50
2025 5.40 75.40 17.60
2026 5.30 75.50 17.60
2027 5.20 75.60 17.60
2028 5.10 75.70 17.60
2029 5.00 75.80 17.60
2030 4.90 75.90 17.60
2031 4.80 76.00 17.60
2032 4.70 76.10 17.60
2033 4.60 76.20 17.60
2034 4.50 76.30 17.60
2035 4.40 76.40 17.60
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Appendix C: Result of Sensitivity Analysis of ANNs Model
1. Sensitivity Analysis of ANND Model

1.1 Leaning Rate Sensitivity Analysis
Table C.1 Result of Leaning Rate Sensitivity Analysis

M.Sc. (Inf. Man. on Env. and Res.) /131

Net Leaning M RMSE Good pats
Structure At omem Train Test Train Test
1-8-10-1 0.6 0.8 0.0354 0.0038 94.70% 100.00%
0.5 0.8 0.0339  0.0037 94.70% 100.00%
0.4 0.8 0.0328 0.0031 94.70% 100.00%
0.3 0.8 0.0332 0.0035 94.70% 100.00%
0.2 0.8 0.0329 0.0030 94.70% 100.00%
0.1 0.8 0.0323 0.0029 94.20% 100.00%
0.5 0.8 0.0340 0.0031 94.20% 100.00%
1.2 Momentum Sensitivity Analysis
Table C.2 Result of Momentum Sensitivity Analysis
Net Leaning RMSE Good pats
Structure R YK E, Train  Test  Train  Test
1-8-10-1 0.1 0.9 0.0328  0.0027 94.20% 100.00%
0.1 0.8 0.0323  0.0029 94.20% 100.00%
0.1 0.7 0.0327  0.0030 94.20% 100.00%
0.1 0.6 0.3301 0.0031 94.20% 100.00%
0.1 05 0.3333  0.0032 94.20% 100.00%
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2. Sensitivity Analysis of ANNH Model

2.1 Leaning Rate Sensitivity Analysis

Table C.3 Result of Leaning Rate Sensitivity Analysis

Appendix /132

Net Leaning RMSE Good pats
Structure Ralt SR Train Test Train Test
3-9-10-1 0.6 0.8 0.0124  0.0023 90.10% 100.00%
0.5 0.8 0.0069  0.0017 98.40% 100.00%
0.4 0.8 0.0069 0.0017 98.40% 100.00%
0.3 0.8 0.0071  0.0016 98.40% 100.00%
0.2 0.8 0.0069 0.0016 98.40% 100.00%
0.1 0.8 0.0070 0.0017 98.40% 100.00%
2.2 Momentum Sensitivity Analysis
Table C.4 Result of Momentum Sensitivity Analysis
Net Leaning RMSE Good pats
Structie AR RN Train  Test  Train  Test
3-9-10-1 0.2 0.9 0.0063  0.0014 98.40% 100.00%
0.2 0.8 0.0069 0.0016 98.40% 100.00%
0.2 O 0.0069  0.0019 98.40% 100.00%
0.2 0.6 0.0070  0.0019 98.40% 100.00%
0.2 05 0.0070  0.0014 98.40% 100.00%
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3. Sensitivity Analysis of ANNHLC Model
3.1 Leaning Rate Sensitivity Analysis

Table C.5 Result of Leaning Rate Sensitivity Analysis

M.Sc. (Inf. Man. on Env. and Res.) /133

Net Leaning RMSE Good pats
Structure Rate PR Train Test Train Test
3-9-10-1 0.6 0.8 0.009011 0.006136 94.00% 93.30%

0.5 0.8 0.006800 0.003959 98.20% 100.00%
0.4 0.8 0.006569 0.004252 98.20% 100.00%
0.3 0.8 0.006566 0.004152 98.20% 100.00%
0.2 0.8 0.006382 0.003775 98.20% 100.00%
0.1 0.8 0.006367 0.003540 98.20% 100.00%
0.5 0.8 0.006452 0.003860 98.20% 100.00%
3.2 Momentum Sensitivity Analysis
Table C.6 Result of Momentum Sensitivity Analysis

Net Leaning 3 RMSE Good pats
Structure ale e Train Test Train Test
3-9-10-1 0.1 0.9 0.006394 0.005540 98.20% 100.00%

0.1 0.8 0.006367 0.003540 98.20% 100.00%
0.1 0.7 0.006768 0.003743 98.20% 100.00%
0.1 0.6 0.00718 0.003667 98.20% 100.00%
0.1 0.5 0.00841 0.004731 94.00% 100.00%
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Appendix D: Result of Applied Model
Table D.1 Result of SCR, ANND and ANNH model in Training Process

Appendix / 134

NO. Estimation Result(Tons/day) Actual
SRC ANND ANNH  Value(Tons/day)
0001) 16.982 24.090 36.941 21.799
0002) 162.213 245.036 270.557 306.364
0003) 283.172 474.446 205.456 89.815
0004) 128.619 182.672 167.108 28.980
0005) 36.779 44.025 45.251 21.162
0006) 458.409 759.411 458.768 389.412
0007) 4.663 13.242 28.907 12.821
0008) 22.699 29.443 16.995 12.272
0009) 48.699 57.989 48.877 4.805
0010) 794.831 1327.770 543.817 573.290
0011) 7957.927 6090.260 6740.669 6792.593
0012) 210.585 337.891 11.249 95.423
0013) 182.216 283.268 185.977 185.793
0014) 1627.279 4095.548 7687.773 7736.939
0015) 1142.319 3575.020 878.182 580.154
0016) 516.301 842.006 633.539 394.673
0017) 8225406  6570.365  5238.764 5289.133
0018) 8598.985 6771.286 7350.618 7388.431
0019) 700.393 1123.057 514.606 405.748
0020) 574.864 924.613 486.838 426.721
0021) 26.183 32.859 54.270 46.971
0022) 14.215 21.601 11.437 14.593
0023) 475.158 783.629 57.252 480.778
0024) 292.845 491.948 127.821 151.559
0025) 1215.174  12447.230 12363.000 12462.750
0026) 30.741 37.518 43.021 25.682
0027) 20.861 27.688 39.391 21.293
0028) 184.130 286.947 149.780 467.840
0029) 933.995 1792.953 1107.104 1187.208
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Table D.1 Result of SCR, ANND and ANNH model in Training Process (continued)

NO. Estimation Result(Tons/day) Actual
SRC ANND ANNH Value(Tons/day)
0030) 74.052 92.323 72.144 44.358
0031) 163.574 247.621 86.613 73.401
0032) 274.792 459.125 386.651 219.354
0033) 217.770 351.698 159.393 91.355
0034) 486.969 800.518 454.266 379.895
0035) 288.430 483.984 227.970 218.392
0036) 26.383 33.059 32.176 29.501
0037) 12.375 19.977 23.132 14.287
0038) 4.257 12.874 24.276 3.123
0039) 3.537 12.208 22.791 10.808
0040) 21.570 28.361 18.607 16.462
0041) 6.964 15.274 24.921 3.312
0042) 21.698 28.483 32.480 49.585
0043) 11.162 18.916 8.805 1.751
0044) 51.222 61.131 57.840 59.835
0045) 14.612 21.955 1.287 12.843
0046) 20.039 26.914 17.681 14.551
0047) 16.647 23.785 9.988 79.214
0048) 15953.438 13986.530 13950.860 13988.230
0049) 10243.737 4952.797 4959.740 5015.684
0050) 42.515 50.560 48.323 10.086
0051) 11.657 19.348 27.301 4.819
0052) 6.302 14.696 13.862 2.025
0053) 2.587 11.292 13.503 2.993
0054) 7.108 15.400 7.828 22.970
0055) 3.983 12.623 7.238 0.532
0056) 74.994 93.711 66.584 18.859
0057) 3085.132 6809.670 6744.887 6808.277
0058) 479.019 789.164 337.239 269.857
0059) 23.388 30.108 20.875 1.357
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Table D.1 Result of SCR, ANND and ANNH model in Training Process (continued)

NO. Estimation Result(Tons/day) Actual
SRC ANND ANNH Value(Tons/day)
0060) 22.373 29.128 37.429 1.159
0061) 6.589 14.947 18.534 3.106
0062) 5.278 13.793 15.439 0.385
0063) 3.408 12.086 7.284 0.482
0064) 2.913 11.613 12.938 0.501
0065) 22.039 28.808 12.551 302.856
0066) 546.049 883.815 670.327 1813.333
0067) 3241.461 22089.170 22165.940 22168.990
0068) 11694.688 14018.940 13957.380 14008.790
0069) 184.705 288.055 01.848 131.950
0070) 7814.832 5813.135 5909.408 5967.493
0071) 6439.214 9471.555 9453.573 9536.983
0072) 945.062 1838.262 1127.224 598.303
0073) 31.333 38.139 45.151 101.626
0074) 41.478 49.353 37.637 315.008
0075) 20.225 27.089 35.684 20.619
0076) 301.765 507.909 326.402 480.656
0077) 433.159 722.168 358.363 329.710
0078) 173.249 266.070 107.573 79.054
0079) 167.667 255.410 252.950 83.452
0080) 03.448 122.276 90.856 566.628
0081) 1616.958  3594.158  1156.696 1263.186
0082) 529.636 860.747 581.175 399.185
0083) 131.573 188.014 120.257 109.067
0084) 146.663 215.780 111.385 114.790
0085) 21.671 28.457 33.365 12.675
0086) 14.064 21.467 22.165 24.061
0087) 3.864 12.513 9.479 13.399
0088) 4915 13.468 8.696 11.384
0089) 1.809 10.487 9.002 4.993




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. on Env. and Res.)/ 137

Table D.1 Result of SCR, ANND and ANNH model in Training Process (continued)

NO. Estimation Result(Tons/day) Actual
SRC ANND ANNH Value(Tons/day)
0090) 1.033 9.588 12.634 3.135
0091) 1.073 9.639 12.770 5.821
0092) 47.128 56.064 26.226 44,954
0093) 196.343 310.462 315.743 453.833
0094) 166.244 252.699 191.275 495.529
0095) 1006.204 2096.444 6952.092 7065.690
0096) 1146.732 3779.161 7202.580 7234.858
0097) 189.026 296.369  2701.203 2740.894
0098) 238.623 391.518 1003.469 1431.163
0099) 213.651 343.787 563.455 241.319
0100) 59.707 72.159 19.624 18.605
0101) 61.088 74.019 17.354 18.034
0102) 174.253 267.992 520.351 196.856
0103) 266.327 443.507 404.368 347.173
0104) 203.558 324.364 399.169 390.224
0105) 417.306 698.251 5715.837 5762.657
0106) 332.175 560.962 545.737 229.702
0107) 537.717 872.099 404.417 334.512
0108) 243.032 399.871 112.166 138.651
0109) 98.512 130.540 78.241 52.525
0110) 649.523 1036.377 747.201 760.083
0111) 435.733 726.011 185.191 109.392
0112) 67.331 82.647 83.025 33.854
0113) 32.600 39.481 10.007 28.813
0114) 25.508 32.187 19.799 8.565
0115) 23.635 30.348 18.721 16.596
0116) 11.754 19.433 12.312 19.987
0117) 10.326 18.189 11.102 6.529
0118) 7.657 15.876 9.607 3.722
0119) 4231 12.850 8.767 3.679
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Table D.1 Result of SCR, ANND and ANNH model in Training Process (continued)

NO. Estimation Result(Tons/day) Actual
SRC ANND ANNH Value(Tons/day)
0120) 6.632 14.985 9.307 22.332
0121) 2.496 11.201 11.523 2.478
0122) 243.195 400.180 932.635 962.523
0123) 92.197 120.260 77.611 256.079
0124) 456.605 756.781 467.186 544,985
0125) 397.712 668.037 169.752 411.059
0126) 51.641 61.659 16.374 10.268
0127) 272.815 455.488 124.835 219.714
0128) 315.767 532.601 447.954 365.996
0129) 22.953 29.687 11.411 12.296
0130) 419.664 701.838 2437.918 2467.503
0131) 9629.806 4417.092 4227.285 4256.814
0132) 1361.852 1148.030 1067.976 1207.763
0133) 1859.259 1156.032 1201.965 1360.540
0134) 823.829 1406.891 2255.611 2394.837
0135) 2208.268 2659.122 2131.031 2153.511
0136) 1755.140 1889.111 1381.387 1392.539
0137) 246.274 405.997 129.259 95.696
0138) 1297.470 1090.067 1182.061 1056.735
0139) 77.919 98.063 56.713 20.446
0140) 38.661 46.131 3.387 80.831
0141) 29.634 36.366 20.442 15.557
0142) 22.085 28.853 13.213 40.558
0143) 10.697 18.511 9.445 51.640
0144) 11.936 19.592 8.121 15.206
0145) 11.162 18.916 9.512 16.075
0146) 7.611 15.836 8.468 6.812
0147) 5.308 13.819 7.434 6.800
0148) 19.845 26.732 0.317 74.878
0149) 20.951 271.774 51.034 32.942
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Table D.1 Result of SCR, ANND and ANNH model in Training Process (continued)

NO. Estimation Result(Tons/day) Actual
SRC ANND ANNH Value(Tons/day)
0150) 14.735 22.065 42.933 16.893
0151) 60.156 72.762 53.693 41.092
0152) 1056.627 2319.026 1028.818 1414.943
0153) 393.790 661.897 418.203 353.897
0154) 158.540 238.078 103.686 70.884
0155) 48.739 58.038 47.625 5.647
0156) 13.562 21.022 35.189 4.813
0157) 43.237 51.408 42.494 6.947
0158) 45.362 53.931 22.814 21.375
0159) 96.709 127.578 62.714 274.538
0160) 139.449 202.415 79.822 108.820
0161) 51.763 61.813 49.261 13.482
0162) 33.532 40.478 43.214 12.982
0163) 22.662 29.407 30.679 6.814
0164) 113.878 156.566 5.024 41.178
0165) 84.711 108.433 65.201 14.931
0166) 15.225 22.503 35.970 8.631
0167) 8.680 16.763 31.954 5.793
0168) 8.360 16.486 31.742 7.433
0169) 7.009 15.313 30.919 6.761
0170) 4.431 13.032 28.160 12.495
0171) 2.928 11.627 27.380 5.078
0172) 0.849 9.349 23.634 3.158
0173) 0.838 9.335 18.486 2.537
0174) 0.707 9.153 20.938 0.473
0175) 13.170 20.677 81.667 17.469
0176) 137.067 198.036 242.085 199.342
0177) 2431.231 3479.515 2826.125 2796.205
0178) 23.359 30.080 41.059 11.755
0179) 7.147 15.434 27.047 2.013
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Table D.1 Result of SCR, ANND and ANNH model in Training Process (continued)

NO. Estimation Result(Tons/day) Actual
SRC ANND ANNH Value(Tons/day)
0180) 91.740 119.528 118.647 39.914
0181) 14.820 22.141 35.440 6.899
0182) 25.488 32.168 43.410 10.886
0183) 42.341 50.357 37.803 20.139
0184) 157.823 236.724 69.717 80.399
0185) 966.564 1928.146 606.870 555.244
0186) 296.398 498.328 465.459 423.643
0187) 1592.422 2264.503 2237.314 2256.703
0188) 6804.552 6402.725 6189.872 6242.077
0189) 5100.493 2200.630 2176.845 2195.030
0190) 226.850 369.092 320.750 295.446
0191) 145.626 213.848 170.574 99.722
0192) 85.033 108.933 89.484 40.682
0193) 63.505 77.317 67.375 36.253
0194) 26.493 33.169 78.027 18.125
0195) 27.444 34.127 78.339 26.697
0196) 17.462 24.528 39.466 36.740
0197) 9.067 17.098 38.576 23.521
0198) 8.523 16.627 38.475 20.147
0199) 6.860 15.183 35.134 6.607
0200) 3.057 11.751 31.801 2.579
0201) 2.012 10.704 25.817 6.904
0202) 3.713 12.373 36.591 5.080
0203) 3.432 12.109 0.195 5.795
0204) 3.183 11.873 30.649 2.272
0205) 2.410 11.114 28.026 3.745
0206) 6.514 14.881 32.190 8.862
0207) 9.922 17.838 30.965 9.327
0208) 11.470 19.185 31.784 6.546
0209) 349.308 589.901 278.644 147.424
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Table D.1 Result of SCR, ANND and ANNH model in Training Process (continued)

NO. Estimation Result(Tons/day) Actual
SRC ANND ANNH Value(Tons/day)
0210) 60.316 72977 46.942 30.830
0211) 144.119 211.047 4.210 113.654
0212) 89.994 116.739 0.383 80.432
0213) 80.463 101.905 85.610 104.146
0214) 32.876 39.775 47.783 92.264
0215) 41.220 49.055 56.626 29.152
0216) 40.902 48.688 50.531 99.505
0217) 463.115 766.252 367.318 410.053
0218) 606.020 969.781 105.504 820.520
0219) 245.128 403.832 17.901 202.718
0220) 411.439 689.284 281.694 161.249
0221) 1130.428 3160.501 1614.348 1657.188
0222) 182.240 283.314 205.459 177.962
0223) 491.766 807.343 765.193 789.880
0224) 3999.670 13287.210 13173.990 13290.130
0225) 2788.126 3957.620 3636.214 3649.857
0226) 2023.389 1753.620 2255.280 2355.645
0227) 104.289 140.165 5.426 63.074
0228) 51.019 60.876 50.306 41.051
0229) 37.892 45.265 44.400 27.086
0230) 235.401 385.396 311.547 335.442
0231) 20.234 27.097 57.001 40.332
0232) 181.667 282.214 15.290 186.660
0233) 34.656 41.693 106.496 58.463
0234) 203.734 324.702 39.666 78.304
0235) 1630.215 4219.810 2853.394 2844.517
0236) 1059.309 2332.344 2391.148 2352.375
0237) 179.931 278.880 90.575 74.009
0238) 183.100 284.968 194.047 221.449
0239) 2590.757 3827.692 4806.258 4884.102
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Table D.1 Result of SCR, ANND and ANNH model in Training Process (continued)

NO. Estimation Result(Tons/day) Actual
SRC ANND ANNH Value(Tons/day)
0240) 600.790 962.086 2218.771 2228.486
0241) 18.049 25.066 32.932 424.185
0242) 10.339 18.200 35.447 270.434
0243) 9.754 17.693 34.445 326.016
R? 0.5074 0.9268 0.9973
Table D.2 Result of ANNHLC model in Training Process
NO. Estimation Result(Tons/day) Actual
ANNHLC Value(Tons/day)

0001) 86.091 315.008
0002) 83.638 20.618
0003) 412.876 480.655
0004) 498.024 329.710
0005) 192.803 79.054
0006) 128.365 83.451
0007) 124.643 566.628
0008) 1261.750 1263.186
0009) 202.311 399.184
0010) 159.108 109.066
0011) 68.733 114.790
0012) 78.607 12.674
0013) 71.821 24.061
0014) 59.577 13.398
0015) 69.174 11.383
0016) 71.003 4.993
0017) 71.635 3.134
0018) 71.791 5.821
0019) 12.453 44,954
0020) 258.380 453.833
0021) 643.994 495.529
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Table D.2 Result of ANNHLC model in Training Process (continued)

NO. Estimation Result(Tons/day) Actual
ANNHLC  Value(Tons/day)
0022) 7059.193 7065.690
0023) 7238.921 7234.858
0024) 2727.340 2740.894
0025) 1225.436 1431.163
0026) 519.885 241.319
0027) 13.493 18.604
0028) 13.211 18.034
0029) 93.283 196.855
0030) 151.633 347.173
0031) 405.813 390.224
0032) 5765.568 5762.657
0033) 434.924 229.701
0034) 258.933 334511
0035) 204.454 138.650
0036) 110.819 52.525
0037) 759.147 760.083
0038) 274.197 109.391
0039) 64.560 33.853
0040) 68.205 28.813
0041) 56.299 8.564
0042) 54.206 16.595
0043) 40.483 19.987
0044) 20.093 6.529
0045) 17.008 3.721
0046) 15.509 3.679
0047) 13.979 22.331
0048) 14.195 2477
0049) 956.585 962.523
0050) 24.302 256.078
0051) 322.124 544.984
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Table D.2 Result of ANNHLC model in Training Process (continued)

NO. Estimation Result(Tons/day) Actual
ANNHLC  Value(Tons/day)
0052) 340.929 411.0592
0053) 6.225 10.2677
0054) 48.325 219.714
0055) 251.498 365.995
0056) 16.699 12.295
0057) 2467.853 2467.503
0058) 4259.275 4256.814
0059) 1224.845 1207.763
0060) 1359.533 1360.540
0061) 344.363 147.423
0062) 2384.046 2394.837
0063) 2137.480 2153.511
0064) 1420.332 1392.539
0065) 219.006 95.696
0066) 1057.246 1056.735
0067) 64.100 20.446
0068) 36.483 80.831
0069) 33.439 15.557
0070) 28.158 40.557
0071) 10.990 51.639
0072) 5.795 15.206
0073) 11.158 16.074
0074) 9.811 6.811
0075) 8.853 6.799
0076) 36.784 74.877
0077) 9.383 32.941
0078) 8.878 16.893
0079) 30.677 41.092
0080) 1430.984 1414.943
0081) 257.825 353.896
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Table D.2 Result of ANNHLC model in Training Process (continued)

NO. Estimation Result(Tons/day) Actual
ANNHLC  Value(Tons/day)
0082) 52.345 70.883
0083) 25.133 5.646
0084) 12.642 4.812
0085) 4.276 6.946
0086) 47.399 21.374
0087) 6.661 274.538
0088) 45.476 108.820
0089) 27.175 13.481
0090) 20.417 12.981
0091) 3.356 6.813
0092) 40.024 41.177
0093) 22.107 14.931
0094) 13.185 8.630
0095) 11.195 5.792
0096) 11.073 7.433
0097) 10.561 6.761
0098) 9.436 12.494
0099) 8.793 5.078
0100) 16.953 3.158
0101) 11.239 2.537
0102) 14.076 0.473
0103) 75.573 17.468
0104) 59.514 199.342
0105) 2792.995 2796.205
0106) 35.134 11.754
0107) 19.913 2.013
0108) 55.763 39.913
0109) 28.486 6.899
0110) 36.622 10.885
0111) 21.561 20.138
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Table D.2 Result of ANNHLC model in Training Process (continued)

NO. Estimation Result(Tons/day) Actual
ANNHLC  Value(Tons/day)
0112) 119.754 80.398
0113) 564.522 555.243
0114) 409.352 423.642
0115) 2267.429 2256.703
0116) 6241.593 6242.077
0117) 2196.730 2195.030
0118) 123.520 295.445
0119) 106.774 99.722
0120) 71.171 40.681
0121) 23.530 36.253
0122) 40.730 18.125
0123) 43.317 26.697
0124) 32.221 36.739
0125) 27.726 23.520
0126) 27.588 20.147
0127) 19.839 6.607
0128) 16.980 2.579
0129) 8.697 6.903
0130) 14.097 5.079
0131) 31.746 5.794
0132) 16.759 2.272
0133) 15.183 3.745
0134) 18.649 8.862
0135) 10.979 9.327
0136) 10.929 6.546
0137) 27.686 30.829
0138) 119.883 80.432
0139) 26.567 104.145
0140) 34.310 92.263
0141) 39.623 29.151
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Table D.2 Result of ANNHLC model in Training Process (continued)

NO. Estimation Result(Tons/day) Actual
ANNHLC  Value(Tons/day)
0142) 24.494 99.504
0143) 472.966 410.053
0144) 773.928 820.519
0145) 202.977 202.717
0146) 305.948 161.249
0147) 1667.467 1657.188
0148) 129.953 177.961
0149) 767.416 789.880
0150) 13225.090 13290.130
0151) 3651.178 3649.857
0152) 2345.655 2355.645
0153) 34.258 63.073
0154) 42.095 41.051
0155) 34.551 27.086
0156) 125.729 40.331
0157) 146.554 186.660
0158) 158.321 58.463
0159) 2836.677 2844.517
0160) 2354.545 2352.375
0161) 156.245 74.008
0162) 204.218 221.449
0163) 4886.740 4884.102
0164) 2229.769 2228486
0165) 445.440 424.185
0166) 117.975 270.434
0167) 120.418 326.016
R? 0.9972
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Table D.3 Result of SCR, ANND and ANNH model in Testing Process

NO. Estimation Result(Tons/day) Actual
SRC ANND ANNH Value(Tons/day)
0001) 53.553 64.091 66.877 25.442
0002) 58.613 70.698 64.443 33.125
0003) 63.877 77.830 64.132 24.663
0004) 120.969 169.001 102.603 89.395
0005) 162.213 245.036 218.364 152.272
0006) 36.779 44.025 45.132 33.401
0007) 26.583 33.260 40.117 32.506
0008) 15.155 22.440 43.408 20.302
0009) 264.265 439.681 46.644 106.859
0010) 134.391 193.141 82.270 101.382
0011) 79.885 101.028 60.938 25.866
0012) 240.783 395.613 211.453 120.606
0013) 48.173 57.341 65.802 15.335
0014) 16.089 23.280 37.271 19.147
0015) 93.554 122.448 49.272 52.329
0016) 148.879 219.913 150.137 147.534
0017) 456.965 757.307 559.475 571.076
0018) 10.319 18.183 32.896 17.946
0019) 125.776 177.562 66.832 67.344
0020) 70.585 87.284 68.117 63.990
0021) 121.366 169.705 70.934 119.207
0022) 8.426 16.543 33.900 7.563
0023) 67.193 82.454 68.349 36.532
0024) 3.537 12.208 20.897 2.227
0025) 43.789 52.059 25.680 27.931
0026) 13.347 20.832 19.678 4.231
0027) 21.269 28.074 12.267 13.005
0028) 84.339 107.856 66.837 58.415
0029) 137.151 198.190 95.177 113.840
0030) 135.183 194.587 85.964 85.860
0031) 34.317 41.325 74.687 37.963
0032) 31.463 38.276 36.535 41.141
0033) 92.021 119.978 65.968 20.113
0034) 11.319 19.053 31.068 7.063
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Table D.3 Result of SCR, ANND and ANNH model in Testing Process (continued)

NO. Estimation Result(Tons/day) Actual

SRC ANND ANNH Value(Tons/day)
0035) 55.552 66.672 50.277 27.758
0036) 180.834  280.614 147.339 282.255
0037) 165.489  251.262 318.457 249.258
0038) 99.201  131.677 76.033 33.430
0039) 80.546  102.031 63.431 45.669
0040) 350.012  591.075 134.768 210.863
0041) 67.621 83.057 109.967 18.700
0042) 5.504 13.993 9.684 3.353
0043) 37.762 45.120 30.691 66.036
0044) 61.380 74.415 61.385 25.357
0045) 434604  724.327 212.880 305.612
0046) 14.528 21.880 38.441 10.058
0047) 65.390 79.927 63.482 25.489
0048) 29.729 36.465 18.774 16.343
0049) 6.702 15.046 7.781 5.373
0050) 136.479  196.960 87.916 50.034
0051) 94334  123.710 68.421 41.543
0052) 328.621  554.872 431.334 465.218
0053) 94334  123.710 88.693 60.793
0054)  7957.930  6090.260 6740.669 6792.590
0055)  15953.400 6771.290 7687.773 13988.200
0056) 1215170 12447.200 7350.618 12462.800
0057)  7814.830 13986.500 12363.000 5967.490
0058)  11694.700 14018.900  13950.860 14008.800
0059)  8598.990 5813.140  13957.380 7388.430
0060)  1627.280  4095.550 5909.408 7736.940
R? 0.7355 0.9789 0.9999
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NO. Estimation Result(Tons/day) Actual
ANNHLC Value(Tons/day)
0001) 81.530 7.063
0002) 100.610 27.758
0003) 202.524 282.255
0004) 212.804 249.258
0005) 19.980 33.430
0006) Bik337 45.669
0007) 248.108 210.863
0008) 61.063 18.700
0009) 16.562 3.353
0010) 39.113 66.036
0011) 52.589 25.357
0012) 367.862 305.612
0013) 57.148 25.489
0014) 33.509 16.343
0015) 9.411 5.373
0016) 59.884 50.034
0017) 14.248 41.543
0018) 204.627 465.218
0019) 73.795 60.793
0020) 28.656 7.246
0021) 18.202 8.404
0022) 29.989 85.622
0023) 23.428 10.058
0024) 12.684 11.067
0025) 13.201 7.563
0026) 45.825 44.737
0027) 52.896 59.558
0028) 7238.921 7234.858
0029) 4259.275 4256.814
0030) 13225.090 13290.130
R? 0.9992
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Appendix E: Code of Computer Program

Dim WeightLevel_1(4, 9) As Double

Dim WeightLevel 2(10, 10) As Double

Dim WeightLevel_3(11, 1) As Double

Dim NodeLevel1(9) As Double

Dim NodeLevel2(10) As Double

Dim NodeLevel3 As Double
Ihkkkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhhkhikhikiiik
Private Sub InputWeightLevell()

'input constant weight level 1

WeightLevel_1(0, 0) = 2.989583

WeightLevel 1(1, 0) = 3.613956

WeightLevel_1(2, 0) = 10.18629

WeightLevel_1(3, 0) = 6.576297 'bias
Y

'‘Node 2 -13.750780 -0.779756 -5.420350 2.260881
WeightLevel_1(0, 1) =-13.75078

WeightLevel 1(1, 1) =-0.779756

WeightLevel_1(2, 1) = -5.42035

WeightLevel 1(3, 1) = 2.260881 'bias
Y

‘Node 3 -3.025384 0.529923 4.700023 -1.7950
WeightLevel_1(0, 2) =-3.025384

WeightLevel 1(1, 2) = 0.529923

WeightLevel_1(2, 2) = 4.700023

WeightLevel_1(3, 2) =-1.795 'bias
Y

‘Node 4 -1.301888 -1.102291 18.617410 -6.880079
WeightLevel_1(0, 3) =-1.301888

WeightLevel 1(1, 3) =-1.102291

WeightLevel_1(2, 3) = 18.61741

WeightLevel 1(3, 3) =-6.880079 'bias
Y

‘Node 5 2.912206 4.008397 19.447030 -7.283351'
WeightLevel_1(0, 4) =2.912206

WeightLevel 1(1, 4) = 4.008397

WeightLevel_1(2, 4) = 19.44703

WeightLevel 1(3, 4) =-7.283351 'bias
Y

‘Node 6 6.908507 15.074360 -9.336040 -2.510493
WeightLevel_1(0, 5) = 6.908507

WeightLevel_1(1, 5) = 15.07436

WeightLevel 1(2,5) =-9.33604

WeightLevel _1(3, 5) =-2.510493 'bias
Y
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‘Node 7 15.972500 -20.255790 1.329040 4.566791
WeightLevel _1(0, 6) = 15.9725

WeightLevel_1(1, 6) = -20.25579

WeightLevel _1(2, 6) = 1.32904

WeightLevel_1(3, 6) = 4.566791 'bias
Y

‘Node 8 4.869520 -7.216515 -3.757319 -2.965698
WeightLevel _1(0, 7) = 4.86952

WeightLevel _1(1, 7) =-7.216515

WeightLevel_1(2, 7) = -3.757319

WeightLevel 1(3, 7) =-2.965698 'bias
Y

'‘Node 9 -11.710390 -2.012028 -0.631618 6.395296
WeightLevel_1(0, 8) =-11.71039

WeightLevel 1(1, 8) =-2.012028

WeightLevel_1(2, 8) = -0.631618

WeightLevel 1(3, 8) = 6.395296 'bias

End Sub

TR AR AIAAA A AR AT AAIEIAI AR IT AR IAAXIAAXAAAAAAAIARAAAAAIAAAIAAAIAAAI Ak hhhhhhhkihkiihiik

Private Sub InputWeightLevel2()
"input constant weight level 2

WeightLevel 2(0, 0) =-4.523891
WeightLevel_2(1, 0) = 1.338431
WeightLevel 2(2, 0) =1.182012
WeightLevel _2(3, 0) = 5.635442
WeightLevel 2(4, 0) =-1.730243
WeightLevel_2(5, 0) = -9.410702
WeightLevel 2(6, 0) = 2.785676
WeightLevel_2(7, 0) = 3.488775
WeightLevel 2(8, 0) =-3.762198
WeightLevel_2(9, 0) = -3.568872 'bias
Y

"Node 2 1.410163 10.808860 2.604622 11.717510 -11.203500
'-6.180289 -15.462850 2.944715 5.194058 4.086118
WeightLevel_2(0, 1) = 1.410163
WeightLevel 2(1, 1) =10.80886
WeightLevel_2(2, 1) = 2.604622
WeightLevel 2(3,1) =11.71751
WeightLevel_2(4, 1) = -11.2035
WeightLevel 2(5, 1) =-6.180289
WeightLevel_2(6, 1) = -15.46285
WeightLevel 2(7, 1) = 2.944715
WeightLevel_2(8, 1) = 5.194058
WeightLevel 2(9, 1) = 4.086118 'bias
NN
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"Node 3 1.887121 -1.233040 1.205356 -10.027760 1.194500
'2.693623 -0.494499 1.411885 3.173079 4.348038
WeightLevel_2(0, 2) =1.887121

WeightLevel 2(1, 2) =-1.23304

WeightLevel_2(2, 2) = 1.205356

WeightLevel 2(3, 2) =-10.02776

WeightLevel_2(4, 2) = 1.1945

WeightLevel _2(5, 2) = 2.693623

WeightLevel_2(6, 2) =-0.494499

WeightLevel_2(7, 2) = 1.411885

WeightLevel 2(8, 2) =3.173079

WeightLevel 2(9, 2) = 4.348038 ‘bias

Vi

‘Node 4 -1.748232 1.331439 -3.131351 -11.859080 4.824117
'-1.774836 5.329263 -1.996460 4.016794 -1.454634
WeightLevel_2(0, 3) = -1.748232

WeightLevel 2(1, 3) =1.331439

WeightLevel_2(2, 3) =-3.131351

WeightLevel 2(3, 3) =-11.85908

WeightLevel_2(4, 3) = 4.824117

WeightLevel 2(5, 3) =-1.774836

WeightLevel_2(6, 3) = 5.329263

WeightLevel 2(7, 3) =-1.99646

WeightLevel_2(8, 3) = 4.016794

WeightLevel 2(9, 3) = -1.454634 'bias

Y

‘Node 5 2.896212 -0.658388 0.632775 0.044352 1.461635 0.678292
'3.481720 2.309390 -2.907025 3.166719
WeightLevel_2(0, 4) = 2.896212
WeightLevel 2(1, 4) =-0.658388
WeightLevel_2(2, 4) = 0.632775
WeightLevel 2(3, 4) =0.044352
WeightLevel_2(4, 4) = 1.461635
WeightLevel 2(5, 4) =0.678292
WeightLevel_2(6, 4) = 3.48172
WeightLevel 2(7, 4) = 2.30939
WeightLevel_2(8, 4) =-2.907025
WeightLevel 2(9, 4) = 3.166719 'bias

T
"Node 6 4.269076 0.297446 3.090377 2.805018 3.302992 3.896280
'-1.770252 -3.660221 1.436285 -0.966130

WeightLevel 2(0, 5) =4.269076
WeightLevel_2(1, 5) = 0.297446
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WeightLevel_2(2, 5) = 3.090377
WeightLevel 2(3, 5) =2.805018
WeightLevel_2(4, 5) = 3.302992
WeightLevel 2(5, 5) = 3.89628
WeightLevel_2(6, 5) = -1.770252
WeightLevel 2(7, 5) = -3.660221
WeightLevel_2(8, 5) = 1.436285
WeightLevel 2(9, 5) =-0.96613 ‘bias
Y

"Node 7 -8.517424 -6.656757 0.938373 10.413110 -2.434180 3.569528
'-11.259480 -3.673354 -3.542137 -2.274873
WeightLevel_2(0, 6) = -8.517424
WeightLevel 2(1, 6) = -6.656757
WeightLevel_2(2, 6) = 0.938373
WeightLevel 2(3, 6) =10.41311
WeightLevel_2(4, 6) = -2.43418
WeightLevel 2(5, 6) = 3.569528
WeightLevel_2(6, 6) = -11.25948
WeightLevel 2(7, 6) = -3.673354
WeightLevel_2(8, 6) = -3.542137
WeightLevel 2(9, 6) = -2.274873 'bias

NN

"Node 8 -3.547659 -2.241959 4.093475 -1.532751 -0.041463 4.269033
'-0.915172 3.112411 5.826807 -2.409259
WeightLevel 2(0, 7) =-3.547659
WeightLevel 2(1, 7) =-2.241959
WeightLevel_2(2, 7) = 4.093475
WeightLevel 2(3,7) =-1.532751
WeightLevel_2(4, 7) = -0.041463
WeightLevel 2(5, 7) = 4.269033
WeightLevel_2(6, 7) =-0.915172
WeightLevel 2(7,7) =3.112411
WeightLevel_2(8, 7) = 5.826807
WeightLevel 2(9, 7) = -2.409259 'bias

Y

"Node 9 0.888376 1.212808 3.336190 1.385260 7.036510 3.132082
'-4.586752 -0.479094 -2.222884 0.264560
WeightLevel_2(0, 8) = 0.888376
WeightLevel 2(1, 8) =1.212808
WeightLevel_2(2, 8) = 3.33619
WeightLevel 2(3, 8) =1.38526
WeightLevel_2(4, 8) = 7.03651
WeightLevel 2(5, 8) = 3.132082
WeightLevel_2(6, 8) = -4.586752
WeightLevel 2(7, 8) =-0.479094
WeightLevel_2(8, 8) = -2.222884
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WeightLevel_2(9, 8) = 0.26456 'bias

Y

‘Node 10 5.787370 -1.733407 2.745181 4.300393 2.493347 -5.269799
'-12.227130 -0.651592 2.150124 -1.489582
WeightLevel 2(0, 9) =5.78737
WeightLevel_2(1, 9) = -1.733407
WeightLevel 2(2, 9) =2.745181
WeightLevel_2(3, 9) = 4.300393
WeightLevel_2(4, 9) = 2.493347
WeightLevel 2(5, 9) =-5.269799
WeightLevel_2(6, 9) = -12.22713
WeightLevel 2(7, 9) =-0.651592
WeightLevel_2(8, 9) = 2.150124
WeightLevel 2(9, 9) = -1.489582 'bias

End Sub

TR A AAAAA A AR I AAITERIAI AR IT AR IAAAAALAAAAAAAITAAIAAXAIAAAIAAAIAAA I A hhhhhhhhhhkiihiik

Private Sub InputWeightLevel3()
"input constant weight level 3

WeightLevel 3(0, 0) = 6.121494
WeightLevel_3(1, 0) = -7.31204
WeightLevel 3(2, 0) =5.614192
WeightLevel_3(3, 0) = -9.473295
WeightLevel 3(4, 0) =2.212482
WeightLevel_3(5, 0) = -3.563817
WeightLevel 3(6, 0) = 13.57237
WeightLevel _3(7, 0) = 6.874434
WeightLevel 3(8, 0) = -4.050134
WeightLevel 3(9, 0) =-5.484764
WeightLevel 3(10, 0) = 2.691358 'bias

End Sub

TAAAKAAAKAAAAIAAAIAAAIAAAXAAAXAAAXAAAAAAAAAAAAAAAAAAAAAAIAAIArhrkhhhhhhhihkiiikiik

Function SumLevell(ByVal positionY As Integer)
Dim i As Integer

Dim Sum As Double

Dim test As Double

Fori=0To3

If i =0 Then Sum = ((CSng(Trim(Me.txtDischange.Text)) - 0.651) / 162.173) *
WeightLevel 1(i, positionY)

If i =1 Then Sum = Sum + (((CSng(Trim(Me.txtScale.Text)) - 0.0546) / 0.1501) *
WeightLevel_1(i, positionY))
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If i =2 Then Sum = Sum + (((CSng(Trim(Me.txt3Day.Text)) - 0) / 57.933) *
WeightLevel_1(i, positionY))

If i =3 Then Sum = Sum + WeightLevel_1(i, positionY)

Next
SumLevell = Sum

End Function
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Function SumLevel2(ByVal positionY As Integer)

Dim i As Integer

Dim Sum As Double

Fori=0To9

If i =0 Then Sum = NodeLevell(i) * WeightLevel_2(i, positionY)

If i =1 Then Sum = Sum + (NodeLevell(i) * WeightLevel_2(i, positionY))
If i =2 Then Sum = Sum + (NodeLevell1(i) * WeightLevel_2(i, positionY))
If i =3 Then Sum = Sum + (NodeLevell(i) * WeightLevel_2(i, positionY))
If i =4 Then Sum = Sum + (NodeLevell(i) * WeightLevel _2(i, positionY))
If i =5 Then Sum = Sum + (NodeLevell(i) * WeightLevel_2(i, positionY))
If i =6 Then Sum = Sum + (NodeLevell(i) * WeightLevel_2(i, positionY))
If i =7 Then Sum = Sum + (NodeLevell(i) * WeightLevel _2(i, positionY))
If i =8 Then Sum = Sum + (NodeLevell(i) * WeightLevel_2(i, positionY))
If i =9 Then Sum = Sum + WeightLevel_2(i, positionY)

Next

SumLevel2 = Sum

End Function

Thkkhkhrrrhhkhkhkhkrrrrrrhkhkhhhrrrrrrhhkhhrrrrrrrhhhhrrrrrrhdhhhhhirrhiihhhiix

Function SumLevel3(ByVal positionY As Integer)
Dim i As Integer
Dim Sum As Double
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Fori=0To 10

If i = 0 Then Sum = NodeLevel2(i) * WeightLevel_3(i, positionY)

If i =1 Then Sum = Sum + (NodeLevel2(i) * WeightLevel_3(i, positionY))
If i =2 Then Sum = Sum + (NodeLevel2(i) * WeightLevel_3(i, positionY))
If i =3 Then Sum = Sum + (NodeLevel2(i) * WeightLevel_3(i, positionY))
If i =4 Then Sum = Sum + (NodeLevel2(i) * WeightLevel 3(i, positionY))
If i =5 Then Sum = Sum + (NodeLevel2(i) * WeightLevel 3(i, positionY))
If i =6 Then Sum = Sum + (NodeLevel2(i) * WeightLevel_3(i, positionY))
If i =7 Then Sum = Sum + (NodeLevel2(i) * WeightLevel 3(i, positionY))
If i =8 Then Sum = Sum + (NodeLevel2(i) * WeightLevel_3(i, positionY))
If i =9 Then Sum = Sum + (NodeLevel2(i) * WeightLevel 3(i, positionY))
If i = 10 Then Sum = Sum + WeightLevel 3(i, positionY)

Next

SumLevel3 = Sum

End Function

TAAAAAAAAAAIAAAIAAIAAAXAAALAAAXAAAXAAAXAAAAAAAAAAAAAAAAIAAIdhhrhhhhihhhihkiiikiik

Private Sub btnCalculate_Click()
On Error GoTo Bug:

If Me.txtDischange.Text =" Then
MsgBox "Please input Dischange 1"
Me.txtDischange.SetFocus

Exit Sub

End If

If Me.txtScale.Text ="" Then

MsgBox "Please input Wide Scale Ratio "
Me.txtScale.SetFocus

Exit Sub

End If

If Me.txt3Day.Text = """ Then
MsgBox "Please input 3 day average rainfall 1"
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Me.txt3Day.SetFocus
Exit Sub
End If

Dim i As Integer
Dim j As Integer

Fori=0To8
NodeLevell(i) = SumLevell(i)
Next
Fori=0To8
NodeLevell(i) =1/ (1 + Exp(-NodeLevell(i)))
Next
For i =0 To 10000
pgbl.Value =i
pgb2.Value =i
pgh3.Value =i
Next
Fori=0To9
NodeLevel2(i) = SumLevel2(i)
Next
Fori=0To9
NodeLevel2(i) = 1/ (1 + Exp(-NodeLevel2(i)))
Next
For i =0 To 10000
pgb4.Value =i
Next
NodeLevel3 = SumLevel3(0)

NodeLevel3 =1/ (1 + Exp(-NodeLevel3))

NodeLevel3 = (22168.6083 * NodeLevel3) + 0.385

For i =0 To 10000
pgb5.Value =i
Next

Me.lblresult.Caption = CStr(Format(NodeLevel3, "##.##"))
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Me.btnNew.SetFocus

Done:
Exit Sub

Bug:
MsgBox Err.Description & """ & vbCrLf & " Please input new data ! "
pgbl.Value =0

pgb2.Value =0

pgb3.Value =0

pgb4.Value =0

pgb5.Value =0

Me.lblresult.Caption = "

Me.txtDischange. Text = "

Me.txt3Day.Text = "

Me.txtScale. Text = "

Me.txtDischange.SetFocus
GoTo Done:

End Sub

TR AR AIAAA A AR AT AAIEIAI AR IT AR IAAXIAAXAAAAAAAIARAAAAAIAAAIAAAIAAAI Ak hhhhhhhkihkiihiik

Private Sub btnExit_Click()
End
End Sub
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Private Sub btnNew_Click()
pgbl.Value =0
pgb2.Value =0
pgb3.Value =0
pgb4.Value =0
pgb5.Value =0
Me.lblresult.Caption =
Me.txtDischange.Text = ""
Me.txt3Day.Text ="
Me.txtScale. Text = ""
Me.txtDischange.SetFocus

End Sub

TAAAKAAAAAAAITIAAIAAAAAAXAAAXAAAAAAAAAAAAAAAAAAAAAAAAAXArArdhhhhhhhihhkihkiiikiik

Private Sub Form_Load()
InputWeightLevell
InputWeightLevel2
InputWeightLevel3

Labell.Caption = "L" & VvbCrLf & "A" & VbCrLf & "Y" & vbCrLf & "E" & vbCrLf
& "R" & vbCrLf & "2"
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Label2.Caption = "L" & vbCrLf & "A" & VbCrLf & "Y" & vbCrLf & "E" & VbCrLf
& "R" & vbCrLf & "3"

End Sub

TRAXKXAIAEAAEIAAIAEIAAIAEAAIAEIAAAAAXAAAAAALAAAAAAAIAAAIAAAAAAAAAAEAAAErhhhhhhhhhhiihiik

Private Sub txt3Day Change()
If IsNumeric(Me.txt3Day.Text) = False And Me.txt3Day.Text <> "" Then

MsgBox "Can't input not number!!!"
Me.txt3Day.Text = "

Me.txt3Day.SetFocus

End If

End Sub

TR AAAAAAAAAAAXAAAAIAAIAIAAIAAAIAAAIAAALAAAIAAAIAAAAIAAAAAAhhhhhhhhhhhhhhhhiiiiih
Private Sub txt3Day_KeyPress(KeyAscii As Integer)
If KeyAscii = 13 Then

Me.btnCalculate.SetFocus

End If

End Sub
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Private Sub txtDischange_Change()
If IsNumeric(Me.txtDischange.Text) = False And Me.txtDischange.Text <>"" Then

MsgBox "Can't input not number!!!"
Me.txtDischange. Text = "
Me.txtDischange.SetFocus

End If

End Sub
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Private Sub txtDischange_KeyPress(KeyAscii As Integer)
If KeyAscii = 13 Then

Me.txtScale.SetFocus

End If

End Sub

TAAAKAAAAAAAITIAAIAAAAAAXAAAXAAAAAAAAAAAAAAAAAAAAAAAAAXAArdhhhhhhhihhihkiiikiik

Private Sub txtScale_Change()
If IsNumeric(Me.txtScale. Text) = False And Me.txtScale. Text <> "" Then

MsgBox "Can't input not number!!!"
Me.txtScale. Text ="
Me.txtScale.SetFocus

End If

End Sub

TAAAKAAAAAAAIAAIAAXAIAAAXAAAXAAAXAAAAAAAAAAAAAAAAAAAAAAXAAhkhhhhhhhihhkihkiiikiik
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Private Sub txtScale KeyPress(KeyAscii As Integer)
If KeyAscii = 13 Then

Me.txt3Day.SetFocus

End If

End Sub

TRAXEXAIAEAAEIAAAEIAAIAAAAEIAAXAAAXAAAAAALAAAAAAAAAAAAAAAAAAAAEAAAEAhhhhhhhhhhkiiikiik
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Appendix F: A Guideline of ANNs Application

| A GUIDELINE OF ANNs APPLICATION

IDENTIFY VARIABLES
Independent Variables (Input)
Dependent Variables (Qutput)

!

CORRELATION COEFFICIENT TESTING

LOWER

REMOVE FROM
APPLIED MODEL

OVER

INPUT TO APPLIED MODEL

3

DATA SET 20% OF TOTAL DATA COLECTED

APPLYING TRAINING DATA SET 80% AND TESTING

3

DATA NORMALIZATION
As same as actual natural values

i 4

TRAIL AND ERROR PROCESS
For Finding Appropriate Networks Structure

¥

SENSITIVITY ANALYSIS

For Finding Appropriate Learning Rate and Momentum Value

COEFFICIENT OF DETERMINATION ANALYSIS

¥

DEVELOPED ANNs MODEL
By Weight of Networks Structure
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