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ABSTRACT  

   
 The objective of this research is to forecast sediment volume in Lam Phra Phloeng 
reservoir by using the Neuro-genetic Optimizer model to calculate the sediment volume from 
runoff, rainfall, and sediment volume data. Monthly recorded data from monitoring stations 
around the watershed area were obtained and applied to the model. Thirty-eight sets of data 
were input into the model of which 19 sets of data were used for model training and 19 sets of 
data were for testing, which then forecast the watershed sediment volume. The results were 
compared to that of a regression model. Analysis of land use change was also carried out 
through interpretation of satellite image to support the study.  

The results from satellite imagery interpretation showed that from 2002 to 2005, forest 
area decreased approximately 50,220 rais or 36%, and was converted to agricultural land.  
This land use change affects the sediment volume due to soil loss. By applying the USLE 
equation, the soil erosion area was found to increase approximately 185,341 tons/year between 
2002 and 2005. This result indicated that the impact of land use change greatly increased 
sedimentation volume. In applying the Neuro-genetic Optimizer model, the learning rate and 
momentum of this model was 0.9 and 0.1, respectively, and the initial weight value was +/-3. 
The network structural characteristic was 4-127-1. The model forecasted the annual sediment 
volume in the Lam Phra Phloeng reservoir in 2005 to be 49,855 tons with R2 equal to 0.9994. 
The regression model, on the other hand, forecasted the sediment volume using the equation 
Y=198.48X 1.1783 with R2 equal to 0.9974, and the annually sediment volume was estimated to 
be 45,346 tons. The actual sediment volume in the reservoir in 2005 was obtained from The 
Royal Irrigation Department which was found to be 48,697 tons. Thus, the Neuro-genetic 
Optimizer model predicted sediment volume was off by approximately 1,160 tons, while the 
regression model was off by 3,351 tons. Most of the sediment load in the reservoir was found to 
be clay. Therefore, this study found that the Neuro-genetic Optimizer model provided forecast 
results for the Lam Phra Phloeng reservoir closer to the actual sediment volume than the 
regression model. The index of efficiency for Neuro-genetic Optimizer model was 
approximately 99%, and the forecast did not require much data, which saved time and 
expenses involved in the data collection process. It is concluded that the Neuro-genetic 
Optimizer model is appropriate for application and will aid the decision making process and 
further planning of reservoir management in the dynamic ecosystem and land use change. 
 
KEY WORDS:  NEURO-GENETIC OPTIMIZER / SEDIMENT / LAND USE 
CHANGE / SOIL LOSS/ LAM PHRA PHLOENG RESERVOIR 
 
169 pp. 
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บทคัดยอ 
การศึกษานี้มีวัตถุประสงคเพื่อคาดการณปริมาณตะกอนในอางเก็บน้ําลําพระเพลิงโดยประยุกตใช

แบบจําลอง Neuro-genetic Optimizer ซึ่งจะนําขอมูลรายเดือนที่มีการบันทึกอยูแลว ไดแก ขอมูลนํ้าทา ขอมูลนํ้าฝน 
และขอมูลตะกอน จากสถานีตรวจวัดรอบๆ บริเวณพื้นที่ลุมน้ํา มาคํานวณหาคาตะกอน จํานวนขอมูลนําเขามี
ทั้งหมด 38 ชุดขอมูล โดยแบงขอมูลออกเปน 2 ชุด ไดแก ชุดขอมูลการเรียนรูและชุดขอมูลการทดสอบ และนําผล
การศึกษาที่ไดจากแบบจําลองมาทําการเปรียบเทียบกับแบบจําลองเชิงเสน พรอมทั้งวิเคราะหการเปลี่ยนแปลงการ
ใชประโยชนที่ดินในป พ.ศ.2545 และพ.ศ.2548 โดยการแปลภาพดาวเทียมรวมดวยเพื่อประกอบกับผลการศึกษา 
พบวา จากป พ.ศ. 2545 ถึง พ.ศ. 2548 พ้ืนที่ปาไม มีเนื้อที่ลดลงเหลือประมาณ 50,220 ไร หรือประมาณ 36% ซึ่งถูก
เปลี่ยนไปเปนพื้นที่เกษตรกรรม ยังสงผลตอปริมาณตะกอนที่เกิดจากการชะลางพังทลายของดิน จากการคํานวณโดย
สมการ USLE ป พ.ศ.2545 และ พ.ศ. 2548 มีปริมาณตะกอนเพิ่มขึ้นประมาณ 185,341 ตัน/ป ซึ่งสรุปไดวาสภาพการ
ใชประโยชนที่ดินที่เปลี่ยนแปลงไปสงผลตอปริมาณตะกอนเพิ่มมากขึ้น สําหรับการนําแบบจําลอง Neuro-genetic 
Optimizer มาใชนั้น ทําใหไดคาอัตราการเรียนรู (Learning Rate) เทากับ 0.9 คาโมเมนตตัม (Momentum) เทากับ 
0.1 และคาถวงน้ําหนักเริ่มตน (Initial Weight) ที่ +/- 3 และลักษณะโครงสรางเปนแบบ 4-127-1 ผลการศึกษา 
พบวา ปริมาณตะกอนรายปของลุมน้ําลําพระเพลิงในป พ.ศ. 2548 ที่คาดการณไดจากแบบจําลองประมาณ 49,855 
ตัน มีคา R2เทากับ 0.9994 สวนแบบจําลองเชิงเสน ใชสมการ Y = 198.48x1.1783   และใหคา R2 เทากับ 0.9974  มี
ปริมาณตะกอนประมาณ 45,346 ตัน สําหรับคาตะกอนที่ตรวจวัดจริงที่ไดจากกรมชลประทาน มีคาประมาณ 
48,697 ตัน  ซึ่งแบบจําลอง Neuro-genetic Optimizer ไดปริมาณตะกอนตางจากคาตรวจวัดจริง ประมาณ 1,160 ตัน สวน
แบบจําลองเชิงเสนไดปริมาณตะกอนตางจากคาตรวจวัดจริงประมาณ 3,351 ตันและปริมาณตะกอนตกจมในอางเก็บ
น้ําอนุภาคสวนใหญเปนอนุภาคดินเหนียว (Clay) เมื่อเทียบความแตกตางของคาปริมาณตะกอนของแบบจําลองทั้ง 
2 กับคาสถิติตรวจวัดจริงแลว พบวา แบบจําลอง Neuro-genetic Optimizer ใหคาปริมาณตะกอนมีความแตกตาง
จากคาตรวจวัดจริงใกลเคียงกวาแบบจําลองเชิงเสน โดยมีคาดัชนีวัดประสิทธิภาพของแบบจําลองอยูที่ประมาณ 99 
% แสดงใหเห็นวาแบบจําลอง Neuro-genetic Optimizer  สามารถนําไปใชในการพยากรณปริมาณตะกอนได อีก
ทั้งใชขอมูลไมมากนัก ทําใหประหยัดเวลาและคาใชจาย สามารถใชในการประกอบการตัดสินใจ วางแผนการ
จัดการอางเก็บน้ําและวางแผนการจัดการทรัพยากรในพื้นที่ลุมน้ําแหงนี้ตอไปในอนาคตได   
169 หนา 
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CHAPTER I 

INTRODUCTION 
 

 

1.1 Introduction and Background of the Study 
 

Currently, many important basins in Thailand face deterioration due to rapid 

population expansion, economic growth and inappropriate use of natural resources, 

particularly soil, water, and forest (Biswas, 1999). These activities affected the 

existence of basins directly and indirectly, especially the increase of soil erosion in 

upper catchment that threaten water resources. Inappropriate land use based on 

watershed characteristics and its potential led to soil erosions that made streams and 

reservoirs shallow. Shallow streams and reservoirs then decrease the ability of the 

water reservation and may potentially cause floods in the rainy season and drought in 

the summer season. In addition, certain groups of local people had not realized the 

essential role of water and conserve water in terms of quality and quantity. These 

factors contribute to the complexity of water sources crisis. 

Upper Mun basin in Nakhon Ratchasima province has the area of 20,136 

square kilometers, constituting 28.89% of the entire Mun basin. Khao Yai National 

Park is the upper catchments with four large reservoirs, which are Lam Chae, Mun 

Bon, Lam Phra Phloeng and Lam Ta Khong. These reservoirs support water 

consumption in Nakhon Ratchasima province, including agriculture, water supply, 

industrial, and ecological balance. However, at present, these four reservoirs are 

losing water holding capacity due to sediment accumulation, especially the Lam Phra 

Pholeng reservoir water level. Comparing to the year 1970, which was the year of 

completed dam construction, it had the water holding capacity of 150 million cubic 

metres (mcm). The survey in 1983, which was 13 years after the dam opened for 

operation, showed that the water holding capacity in the reservoir reduced to121 mcm.
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In 1991, 21 years after the dam operation, the capacity decreased to 108 mcm, and in 

2003, the capacity reduced to 104 mcm. Thus, during the 34 years of dam operation, from 

1988 to 2004, the dam is water holding capacity reduced by 46 mcm. (Somchai Nai-anant, 

B.E. 2535). It is possible that the water consumption activities around the upper catchments 

such as factories, households, hotels, resorts, golf courses, check dams, livestock farming, 

agriculture and orchards, may have contributed to the drastic reduction of water 

resources. If land utilization still ignore its effect on ecological surroundings, these 

human activities may reduce forest area and affect the meteorology and hydrology 

status, which subsequently affect water supplies in terms of water volume, quality, 

flow and amount of suspended sediment (Nipon Tangtham, B.E. 2545). 

 

Most of previous researches concerning sediment in watershed area employed 

linear model to find association between land use changes in the area and sediment 

volume. However, the watershed does not follow linear model but is dynamic in 

characteristics with rapid changes that occur constantly. Thus, linear model may not 

able to use for prediction the sedimentation effectively. In addition, it requires large 

amount of data that increase the complexity of data processing. Therefore, the 

forecasting of sediment in the subsequent research should be carried out with non-

linear model. Currently, the Neuro-genetic Optimizer model, which is a black-box 

model, and also a hybrid model of Neural Network with Genetic Algorithm, is one of 

the effective forecasting tools.  It has recently been used in hydrology, because 

Artificial Neural Networks (ANNs) could recognize pattern and find association 

among various affecting factors and use them in forecasting (Kaastra and Boyd, 

1996). Therefore, this study aimed to use Neuro-genetic Optimizer to forecast 

dynamic changes that occurred in Lam Phra Phloeng river basin in order to predict 

and create a guideline for further watershed management. 
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1.2 Conceptual Framework 
Since the problem of land use changes was occurred in the upper catchments 

of Lam Phra Phloeng river basin caused sediment accumulation in Lam Phra Phloeng 

reservoir and other factors such as terrain, soil features, runoff and rainfall discharge 

also contribute to sediment accumulation, thus previous forecasting of sediment 

employed linear model. However, the prediction did not yield satisfied results. 

Therefore, the present study employed Neuro-genetic Optimizer model to forecast the 

sediment in Lam Phra Phloeng reservoir in order to compare the efficiency between 

the two models. A conceptual framework for the study is illustrated in Figure 1-1. 

 

1.3 Objectives 
1. To study the land use changes in Lam Phra Phloeng river basin which 

affected sediment load in reservoir using LANDSAT-5 TM.  

2. To apply Neuro-genetic Optimizer model in forecasting the sediment in Lam 

Phra Phloeng reservoir. 

3. To compare results among Neuro-genetic Optimizer model, Regression 

Model, and the real data of sediment load in the reservoir. 

 
1.4 Hypothesis 

Neuro-genetic Optimizer model should be able to forecast sediment load due to 

land use changes closer to the actual situation than regression model. 
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Figure 1-1: Conceptual Framework 

Factors 
- Land use 
- Topology 
- Soil 
-  Rainfall 
-  Runoff 

 

 
Regression model 

 
Neuro-genetic Optimizer 

Amount of sediment 
from Neuro-genetic 

Optimizer model 

Amount of sediment 
from Regression model 

Amount of sediment 
 from model 

 
Comparison on amount of sediment to 

sediment from survey 

Amount of 
sediment 

calculated from 
USLE 
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1.5 Scopes of the Study 
 

1. Scope of study area:  

Study the Lam Phra Phloeng river basin from Khao Yai upper catchment to 

Lam Phra Phloeng reservoir. 

 

2. Scope of Methodology:  

Secondary data 

2.1 Hydrological data, which consist of sediment, rainfall and monthly 

runoff discharge. Five years of sediment data (2001-2005) will be analyzed. 

2.2 Physical data of the area such as watershed, slope, main stream length 

and land use. The land use is classified into seven types according to their 

characteristics: dry evergreen forest, dry dipterocarp forest, mixed upland crop, 

sugarcane, orchard, open land, and water bodies.    

 

1.6 Expected Outcomes and Benefits 
 

1.   To know the activities related to land use changes that affect the sediment 

load in reservoir 

2.  To predict the trend of sediment load in the reservoir and seek sediment 

management approach for the reservoir  

3.  To estimate the sediment load in the reservoir using appropriate technology 

that correlates with land use changes  

4.   To obtain accurate data for proper resource management in the watershed area  

5.   To develop model that can be applied to other watersheds  
6.  To gain data and tools that will become components in reservoir management 

that can increase management efficiency  
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1.7 Unit Conversion 
1 hectare  =  6.25 rai 

1 hectare  =  10,000 m2 

1 rai =  1,600 m2 

1 km2  =  1,000 m2 

1 km2 =  100 hectare 

 

1.8 Acronym 
MSL  = Mean Sea Level 

 mcm = million cubic metre 

 USLE = Universal Soil Loss Equation 

 ANNs =  Artificial Neural Networks 

 GAs = Genetic Algorithms 

 GIS = Geographic Information System  
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CHAPTER II 

LITERATURES REVIEW 
 

 

In this study, the researcher has reviewed a number of documents concerning 

relation of factor to sediment in Lam Phra Phloeng reservoir and application of 

Neuro-genetic Optimizer model for forecasting. The literature reviews are divided to 

the following topics: 

2.1 Background of Study Area 

2.2 Problem solution of Study Area 

2.2.1 Land Use Change 

2.2.2 Sediment Process 

2.2.3 Sediment Load in Reservoir 

 2.2.4 Sediment Calculation  

 2.2.5 Estimation of Soil Erosion Hazard  

 2.2.6 Correlation Coefficient     

2.2.7 Correlation Function 

2.3 Model 

2.3.1 Regression Model  

 2.3.2 Neuro-genetic Optimizer Model 

2.4 Relevant Studies 
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2.1 Background of the Study Area 

 
Lam Phra Phloeng Irrigation Project is a reservoir project where water is 

conveyed by gravity to agricultural areas covering the area of 89,720 rais. The dam was 

constructed in Lam Phra Phloeng river in Ta Khob sub-district of Pak Thong Chai district 

of Nakhon Ratchasima province. Construction started in 1963 and was completed in 

1967. The dam is an earth fill embankment and wholly located in Nakhon Ratchasima 

province at Latitude 14°35′38″ N and Longitude 101°50′30″ E, as shown in Figure 2-1. 

The dam is approximately 30 kilometres far from Pak Thong Chai district, and 320 

kilometres far from Bangkok. The other bordering areas are: (Royal Irrigation 

Department, B.E.2545). 

 

− Sung Noen and Mueang Nakhon Ratchasima Districts in the North 

− Pak Thong Chai and Chok Chai Districts in the South 

− Mun River in Chok Chai District in the East 

− Pak Chong and Sung Noen in the West. 
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Figure 2-1: Location of Lam Phra Phloeng River Basin 
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2.1.2 Lam Phra Phloeng Reservoir 

The main dike is at the satellite image zone 47 P 064150 section 5338 II. Lam 

Phra Phloeng reservoir is the project to reserve water for irrigation through canals. 

These canals are consisted of main canal on the left bank with 74.52 kilometres 

length. Total 9 branch canals combined into 39.65 kilometres length. Grand total 

lengths are 114.17 kilometres with estimated 263 appurtenance structures to support 

irrigation. It has covered cultivation area during rice growing season estimated 68,000 

rai and during dry season estimated 17,000 rai.  Significant features of the reservoir 

are as follows (Royal Irrigation Department, B.E.2547). 
 

Hydrological Characteristic 
Catchment area    820  square kilometres 

Water Surface Area at Retention Level  11.30  square kilometres 

Water Surface Area at Maximum Storage Level  15.69  square kilometres 

Average Rainfall 1,122.3 millimetre/ year 

Reservoir 
Retention Level 263  metres (MSL) 

Maximum Storage Level 273   metres (MSL) 

Minimum Storage Level 240   metres (MSL) 

Bed Level (Dam Site)  226   metres (MSL) 

Storage Volume 110    mcm 

Maximum Storage Volume 242   mcm 

Minimum Storage Volume 1.40  mcm 

Average Inflow 157.9 mcm/year 

Earth Dam 
Crest Elevation 275   metres (MSL) 

  Maximum Depth of Reservoir 49     metres 

  Crest Width   8     metres 

Crest Length 575   metres 

Dam Width Base  320   metres 
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2.1.3 Geography 

The reservoir is located in the mountain ranges of Khao So, Khao Shalong 

Tong, Khao Yai, Khao Pong Chanuan, Khao Jun and Khao San Kamphaeng where 

Lam Phra Phloeng and Lam Ta Khong Rivers are originated. There are plains in the 

back of the dam approximately 12 kilometres far from the dam.  
 

2.1.4 Climate 

The dam is located in a tropical low rainfall, wet-dry monsoonal and tropical 

Savannah climates. During November to February the north western monsoon winds 

bring the cold air masses down to the dam areas. In addition, monsoon south western 

winds bring tropical moistures from the India Ocean during May to September.  

Winter starts from December to January, which is influenced by north eastern 

monsoon bringing cold and dry winds from China. Temperature is lowest in 

December around 16-17 °C. 

Summer starts from February to May, which is influenced by south eastern 

monsoon bringing hot and dry air masses from South China Sea and gulf of Thailand. 

Normally, highest temperature in April is 39.7 °C. 
 

2.1.5 Hydrographic Characteristics 

2.1.5.1 Rainfall 

Rainfall in the dam areas is influenced by south western monsoon 

winds starting from late April. Late rain occurs during June to July and heavy 

rain occurs during September and October.  

The average rainfall measured by Lam Phra Phloeng dam station during 

year 1977 to 1997 is around 1,129.3 mm. The maximum rainfall was 1,721.8 

mm in September, and the minimum was 660.7 mm in 1981. 
 

2.1.5.2 Runoff 

The watershed area of the dam covers 820 sq.km. The average runoff is 

126.97 million cubic metres (mcm) which the lowest volume of inflow is 36.0 

mcm in 1961, and highest volume of inflow is 420.9 mcm in 1970 and the 

average inflow is 157.9 mcm /year.  
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2.1.6 Stream Characteristics 

Lam Phra Phloeng stream is a branch of the Mun River originated form San 

Kamphaeng Mountain. From the origin to Ban Bu Hua Chang, the stream is 

approximately 60 kilometres and slope is approximately 1:300 metres. There are more 

plains areas on the left side of Mun river bank to the right. From Ban Bu Hua Chang 

to the Mun river, the stream is 120 kilometres, passing through Pak Thong Chai and 

Chok Chai Districts (Royal Irrigation Department, B.E.2545). 

 
 

2.1.7 Soil Characteristics 

The soils in the project areas of the project are the mostly sandy loam, and 

partly clay. Soil Units and Soil Erodibility Factor-K of the study area is shown in 

Table 2-1. 

 

2.1.8 Soil Utilization and Agriculture development 

The hillside plain areas within 30 kilometres from the dam are used for rice 

and crops cultivations, accounting for 20% of the irrigation areas. 

 Agriculture development of Lam Phra Phloeng Irrigation Project started since 

year 1968 by supplying water to 29,500 and 27,500 rais of rice and crop fields. After 

year 1970, the farmers had expanded beyond their agricultural areas and traditional 

crops. More farmers were resort to do rice farming. By the year 1972, farmers started 

doing second rice and crop farming.  

 

2.1.9 Population and Economic Conditions 

Data as of June 2003; total population of Nakhon Ratchasima were 2,581, 244 

and were consisted of 1,280,671 males (or 49.62%) and 1,300,573 females (or 

50.38%). As for economic condition, agriculture is occupied estimated 9,763,268 rais 

(or 76.22 %) of the total areas. Therefore, farmer is the main occupation of the 

province by having significant economic crops such as, cassava, sugarcane, rice and 

corns (Office of Statistic, B.E.2547).  
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2.2 Problem Solution of Study Area 

 2.2.1 Land Use Change 

 

Land use change occurred mainly from illegal trespassing to clear the 

forest for cultivation or turn the area into reservoir to reserve water for use in the dry 

season. The design for land use change has been displayed in Figure 2-2 which 

indicated the possibility of changing the area from forest area to open area, leading 

towards being agricultural area as well as developing urban area, industrial sites and 

water bodies alternated with forest areas which also involved changing in other 

factors as well.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-2: Possible Land Use Change (Navanugraha, 2000) 

 

From figure 2-2 mentioned earlier, land use in Lam Phra Phloeng river basin 

had been the same way. From the study of Thongchai Charupput (B.E.2545), the data 

had been acquired from interpretation of satellite image in 1973 – 2000. He had 

divided land use in 7 types as shown in Table 2-2 and Figure 2-4 which made him 

learn about land use change in the past 27 years. Findings indicated that the area of 

dry evergreen forest and dry dipterocarp forest had declined because of woods and 

lands were used for economic reasons while forest plantations, residential areas and 

orchards kept increasing.     
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Furthermore, during the year 1976-1978, Table 2-3 had shown the land 

destruction by illegal trespassing in the yearly average as high as 7.2 million rais. 

From 1991, the rate of destruction from illegal trespassing had been reduced to 

620,000 rais until the year 2001 to 2002, illegal trespassing rate once again started to 

climb up (as shown in Figure 2-3). This was resulted from the campaign for more 

forest plantation. Therefore, in the year, 2001-2002, the number of forest area has 

substantially increased from the past.    

 

Table 2-2 Land Use Type in Lam Phra Phloeng River Basin 

1973 1987 1991 2000 Land use 

Type rai % rai % rai % rai % 

Dry 

Evergreen 

forest 

268,816 52.47 101,921 19.89 99,945 19.51 98,435 19.21

Dry 

Dipterocarp 

Forest 

3,696 0.72 2,402 0.47 2,229 0.44 890 0.17

Forest 

Plantation 
808 0.16 25.819 5.04 32,127 6.27 62,709 12.24

Water 

bodies 
8,314 1.62 8,148 1.59 7,678 1.50 9,789 1.91

Residence 64 0.01 273 0.05 315 0.06 440 0.09

Crop 230,403 44.97 372,378 72.68 367,799 71.78 335,528 65.49

Orchard 258 0.05 1,418 0.28 2,265 0.44 4,568 0.89

Total 512,359 100 512,359 100 512,359 100 512,359 100

Source: Thongchai Charupput (B.E.2545)  
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Table 2-3: Forest Area in Nakhon Ratchasima Province from 1976-2003 

Forest Area 
Year 

Km2 % 

1976 4,477 21.84 

1978 3,653 17.82 

1982 3,036 14.81 

1985 2,826 13.79 

1988 2,582 12.60 

1989 2,577 12.57 

1991 2,340 11.42 

1993 2,290 11.19 

1995 2,258 11.02 

1998 2,223 10.85 

2001 2,751 13.23 

2002 2,733 13.15 

2003 2,733 13.15 

 Source: Royal Forest Department (B.E.2546) 
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Figure 2-3: Forest Area in Nakhon Ratchasima Province 

 

 

Year 

Forest Area 

    Forest Area 

 
 
 
Km2 

     1976 1978 1982 1985 1988 1989 1991 1993 1995 1998 2001 2002 2003 



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Appropriate Tech. for Resources and Env. Dev.) / 17 

Le
ge

nd C
ro

p 
A

re
a

D
ry

 D
ip

te
ro

ca
rp

 F
or

es
t

D
ry

 E
ve

rg
re

en
 F

or
es

t
Fo

re
st

 P
la

n
ta

tio
n

O
rc

ha
rd

U
rb

an
W

at
er

 B
od

ie
s

La
nd

 U
se 

M
ap

 be
tw

ee
n 1

99
1 a

nd
 20

00
, L

am
 Ph

ra
Ph

loe
ng

W
ate

rsh
ed

So
urc

e: 
De

riv
ed

 fr
om

 A
rcv

iew
GI

S 3
.3

Ac
qu

ire
d o

n 2
7 J

an
ua

ry 
19

91
 an

d 4
 Ja

nu
ary

 20
00

Pr
oc

ess
 &

 A
na

lyz
e: 

Th
an

ya
lak

Iam
na

ron
gri

t, 2
00

6

19
91

20
00

Le
ge

nd C
ro

p 
A

re
a

D
ry

 D
ip

te
ro

ca
rp

 F
or

es
t

D
ry

 E
ve

rg
re

en
 F

or
es

t
Fo

re
st

 P
la

n
ta

tio
n

O
rc

ha
rd

U
rb

an
W

at
er

 B
od

ie
s

La
nd

 U
se 

M
ap

 be
tw

ee
n 1

99
1 a

nd
 20

00
, L

am
 Ph

ra
Ph

loe
ng

W
ate

rsh
ed

So
urc

e: 
De

riv
ed

 fr
om

 A
rcv

iew
GI

S 3
.3

Ac
qu

ire
d o

n 2
7 J

an
ua

ry 
19

91
 an

d 4
 Ja

nu
ary

 20
00

Pr
oc

ess
 &

 A
na

lyz
e: 

Th
an

ya
lak

Iam
na

ron
gri

t, 2
00

6

Le
ge

nd C
ro

p 
A

re
a

D
ry

 D
ip

te
ro

ca
rp

 F
or

es
t

D
ry

 E
ve

rg
re

en
 F

or
es

t
Fo

re
st

 P
la

n
ta

tio
n

O
rc

ha
rd

U
rb

an
W

at
er

 B
od

ie
s

La
nd

 U
se 

M
ap

 be
tw

ee
n 1

99
1 a

nd
 20

00
, L

am
 Ph

ra
Ph

loe
ng

W
ate

rsh
ed

So
urc

e: 
De

riv
ed

 fr
om

 A
rcv

iew
GI

S 3
.3

Ac
qu

ire
d o

n 2
7 J

an
ua

ry 
19

91
 an

d 4
 Ja

nu
ary

 20
00

Pr
oc

ess
 &

 A
na

lyz
e: 

Th
an

ya
lak

Iam
na

ron
gri

t, 2
00

6

19
91

20
00

Pa
k 

C
ho

ng
 

Pa
k 

C
ho

ng
 

Pa
k 

T
ho

ng
 

Pa
k 

T
ho

ng
 

W
an

g 
N

am
 K

hi
ao

 
W

an
g 

N
am

 K
hi

ao
 

Am
ph

ur
 

L
eg

en
d 

Fi
gu

re
 2

-4
: L

an
d 

U
se

 M
ap

 b
et

w
ee

n 
19

91
 a

nd
 2

00
0,

 L
am

 P
hr

a 
Ph

lo
en

g 
R

iv
er

 B
as

in
 

(D
ep

ar
tm

en
t o

f E
nv

iro
nm

en
ta

l Q
ua

ity
 P

ro
m

ot
io

n,
 B

.E
.2

54
4)

 



Thanyalak Iamnarongrit  Literature Review / 18 

          Since the forest area at the upper catchment and slope has been destructed, 

findings indicated that the current storage water in Lam Phra Phloeng reservoir had 

decreased. Sediment Investigation Branch, Hydrology Division, Royal Irrigation 

Department had conducted the survey to find accumulated sediment in the reservoir 

above Lam Phra Phloeng reservoir, Pak Thong Chai, Nakhon Ratchasima province. 

At the time of the dam is completed construction, the capacity of the dam is 150 

million cubic metres (mcm) in 1970. After the survey, findings indicated that in 1983, 

after Lam Phra Phloeng was operated for 13 years, the dam had decreased its capacity 

to 121 mcm. In the year 1991, after the dam had been in operation for 21 years, the 

capacity only remained at 108 mcm. In the year 2004, the capacity indicated only 104 

mcm (Somcahi Nai-anant, B.E.2535). Therefore, during the past 34 years from 1970 

to 2004, the dam capacity had steadily reduced to 46 mcm as shown in Table 2-4. 

 

Table 2-4: Capacity of Lam Phra Phloeng Reservoir from 1972 to 2004 

 

Year 
Capacity of Dam 

(mcm) 
Year 

Period 

(year) 

Decrease of 

Capacity (mcm) 

1972 150 - 0 0 

1983 121 1972 to 1983 13 29 

1991 108 1983 to 1991 8 13 

2004 104 1991 to 2004 13 4 

Total 1972 to 2004 34 46 
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Perhaps, many activities occurred at the upper catchment increase water 

consumption such as factories, households, hotels, resorts, golf courses, check dams, 

livestock farming, agricultural and orchards. If land use occurred without considering 

impact to ecosystem, forest area are reduced as well as increased soil erosion and 

sediment discharge and wastes in rivers and streams, including the reservoirs making 

the reservoir shallow and reducing nature storage of water of the upper catchment. 

Furthermore, it has become one of the factors creating intensity of flood and drought 

in the watershed. So, Lam Phra Phloeng reservoir is now facing more problems of 

accumulated sediment in this reservoir than any other reservoirs in the Upper Mun. 

 

2.2.2 Sediment Process 

 

Sediment is the elements or objects that had been moved along with the water 

through rainfall, wing and earth gravity which made the particles breaking and 

moving with the force of flood and flowing into the ravine or sinking to the water bed 

with the accumulation of natural organic and inorganic (Nipon Tangtham, B.E.2545).  

 

Sediment in the stream 

Sediment in the stream is materials moving along the water or suspended in 

the water as being the process to create sediment, starting from rainfall on the soil 

surface to break soil into small particles before flowing with the surface runoff into 

the river. Furthermore, the velocity had created erosion at the bottom and the bank 

along the water flow, where the velocity has been reduced, the sediment would fell 

into the river bed which is considered balancing the nature of sediment.   

 Sediment in the stream would be more or less depended in each time span 

depended on stream flow that should carry sediment as good as soil volume in the 

river basin that has been flown into stream channels more or less depended on 

transport capacity of overland flow.  
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Sediment in the watershed is classified into 2 major types as follows:  

1.  Bed load is the sediment that can move by rolling or flowing at the river bed. 

2. Suspended load is small size sediment that suspended in the river, and is 

lifted up by the flow hardly to fall to the river bed even with slow current, depending 

on watershed area, slope gradient and catchments relief and length of main stream. 
 

There are important elements affected the cause of sediment in the waterway as 

follows (Royal Irrigation Department, n.d.).  

1. Rainfall: It is included rainfall volume and rainfall intensity. 

2. Soil and rocks characteristics in the watershed area, if the soil is loam or 

minute, it would be scattered easily. 

3. Land cover in the dense forest should yield less sediment than open 

forest. 

4. Land use type: especially if the area is full plants to cover the soil, 

erosion rate would be less also.  

5. Topography: If the area has steeper slope, water would current would be 

strong and easy for soil erosion. 

6. Other elements: For examples, area size, shape and area use.  

 

2.2.3 Sediment Load in Reservoir 

 

Viraphol Taesombat (B.E.2531) stated that sediment had been caused by 

stream flown and accumulated in the reservoir. Cross section river would immediately 

reduce velocity and unable to carry sediment further. Sediment has started to spread 

all over the place depended on the size of sediment pallets. Sediment that had flown 

into the reservoir resulted from suspended sediment that came with river flow and 

sediment.  Then, sediment would flow along the river bed including suspended 

sediment. 

 



Thanyalak Iamnarongrit  Literature Review / 22 

Sediment in the reservoir occurred in 2 parts: course sediment such as, large 

gravel that had fallen on the upper part of the reservoir since the velocity could not 

carry sediment through. Fine sediment such as clay, suspended sediment would sink 

to lower part of the reservoir. Sediment that had flown into the reservoir consisted of 

clay, silt, sand and gravel. 

 Sediment in the reservoir contains features as sediment in specific areas due to 

sediment trap efficiency of the reservoir, type of reservoir and reservoir management 

(Hydrology Division, B.E.2531).  

 

2.2.4 Sediment Calculation 

From those details, sediment calculation is quite complicated because the 

amount of sediment would change each year. In order to measure to the nearest value, 

it usually takes times to validate more than 20 years. Therefore, Royal Irrigation 

Department (n.d.) had collected data from sediment survey of the neighboring 

countries to be adapted into the equation for calculating sediment discharge as 

follows:    

 

           V = (C*d*A*N) x 103  …………………………….. 2.1 
 

where;   V  = Sediment Load into the Reservoir (cubic metre) 

C = Coefficient of Terrain’s Slope 

d = Soil Surface Erosion (millimetre/year/kilometre2) 

A = Catchment Area (kilometre2) 

N = Age of Dam (years) 

 

2.2.4.1. Coefficient of Terrain’s Slope (C): Normally this slope is defined as 

slope of catchments area. In order to easy calculation, the slope at the reservoir is 

being assigned the following value:  
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Table 2-5: Coefficient of Terrain’s Slope at the Reservoir  

Slope at the Reservoir  Value C 

1: 200 

1: 200 – 1: 500 

1: 500 – 1: 1,000 

1: 1,000 

1.00 

0.90 

0.80 

0.70 

Source: Royal Irrigation Department (n.d.) 

 

2.2.4.2. Soil Surface Erosion Rate (d): in the calculation of sediment in various 

calculations of sediments in various watersheds of Thailand as shown in Table 2-6. 

Table 2-6: Soil Surface Erosion Rate  

Soil Surface Erosion Rate (millimetre/year/kilometre2) 
Catchment Area 

(kilometre2) 
Good Coverage 

Forest 

Some Disturb 

Forests 

Mostly Disturb 

Forest 

< 100 

100 – 1,000 

> 1,000 

0.20 

0.15 

0.10 

0.25 

0.20 

0.15 

0.30 

0.25 

0.20 

Source: Royal Irrigation Department (n.d.) 

 

2.2.4.3 Age of Dam (N): As for Consumption and irrigation, identifying age of 

dam based on the following measures:   

Table 2-7: Age of Dam 

Inflow (million cubic metres/year) N (Years) 

< 50 

50 – 100 

> 100 

50 

100 

Depending on necessity 

Source: Royal Irrigation Department (n.d.) 

Remark: Identifying the age of dam based on suitability, type of operation and cost 

of investment as seen fit.  
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2.2.5 Estimation of Soil Erosion Hazard 

Wischmeier and Smith (1978) developed, refined and improved the Universal 

Soil Loss Equation: USLE (Equation 2.2) over 20 years, which is still a standard 

reference and widely used for land management worldwide and is regarded to soil and 

water conservation as the primary tool of conservation and planning. In the study 

employed the USLE for estimating annual soil loss depending on it is simple to use 

and the acceptance of the researcher, the equation is defined as follows: 

A = R*K*L*S*C*P ……………………………… 2.2 

where;   A is the soil loss (ton/ha/year),  

R  is  rainfall erosivity factor (metre-ton/ha) 

K  is  a soil erodibility factor 

LS  is  slope length and slope gradient factor (metres) 

C  is  crop and management factor  

P is  conservation practice factor 

The detail of practical sequence for estimating soil hazard is discussed in each 

factor as follows: 
 

2.2.5.1 Rainfall Erosivity Factor, R  

Rainfall is the factor derived from the study of association between rainfall 

energy and the rainfall erosivity. Average rainfall erosivity in the short span would be 

higher than longer period.  Rainfall value is being calculated from the attack of 

rainfall, including volume and rate of flood during rainfall (Somjet Junthawat, 

B.E.2528) 

2.2.5.2 Soil Erodibility Factor, K  

Soil Erodibility Factor, K is the estimation from the experiment referring to 

rate of land loss per index of erosion from the experiment plot, but rather time 

consuming and high expenses. Therefore, Wischimeier and Smith (1978) had found 

convenience and uncomplicated method involved in the use of 5 important soil 

characteristics in the percent of silt with very fine sand, sand, organic matter, soil 

structure, and permeability (Nipon Tangtham, B.E.2545) and incorporated all 5 

characteristics into the Nomograph as illustrated in the Figure 2-6. 
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Figure 2-6: Assessing K-factor (Nomograph) 

 

2.2.5.3 Slope length and Slope gradient factor, LS   

Slope gradient is the most important factor in the soil erodibility, the higher 

the soil gradient, the more the soil erodibility.  Furthermore, amount of soil erodibility 

should increase from runoff, and slope length.  Wischimeier and Smith (1978) had 

combined both factors as LS-factor which could be assessing from the following 

equation:     

 

LS   = (λ/22.3) m *(0.43+0.30s+0.043s2) / 6.613 ……………2.3 

  
where;    λ  =  Slope Length (meter) 

   s    =   Slope % 

   m = Power as equaled as  0.5 Slope ≥  5 % 

      0.4 Slope 3.5 – 4.5 % 

       0.3 Slope 1.3 % 

       0.2 Slope < 1 % 



Thanyalak Iamnarongrit  Literature Review / 26 

2.2.5.4 Crop and Management Factor, C  

C-factor of the same crop in different locations has tremendous influence 

towards soil erodibility and surface runoff (Hellden, 1987). It is defined as rate of soil 

loss between cultivated land under limited conditions with soil plowing without plant 

remains and being emptied. The C-factor is shown in Table 2-8. 
 

Table 2-8: C-factor and P –factor in Lam Phra Phloeng River Basin 

No. Land Use C-factor P-factor 

1 White Popinac 0.088 1.000

2 Corns 0.502 1.000

3 Black Sesame 0.280 0.100

4 Sugar Apple 0.300 1.000

5 Dry Evergreen forest  0.019 1.000

6 Deciduous deforestation 0.250 1.000

7 Dry Deciduous Forest 0.020 1.000

8 Evergreen Deforestation 0.040 1.000

9 Mixed Crops 0.340 1.000

10 Lowlands 0.000 0.000

11 Mangoes 0.150 1.000

12 Eucalytus camaldulensis Dehn. 0.150 1.000

13 Recreation Areas 0.000 0.000

14 Government Offices and Institutions 0.000 0.000

15 Mixed Forest Orchard 0.088 1.000

16 Villages on Flat Lands 0.000 0.000

17 Reservoir 0.000 0.000

18 Sugarcane 0.400 1.000

19 Bamboo 0.020 1.000

20 Mixed fruit trees 0.150 1.000

21 Mixed perennial trees 0.150 1.000

Source: Land Development Department (B.E.2543) 
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2.2.5.5 Conservation Practice Factor, P  

Wischimeier and Smith (1978) had defined analysis and conservation factor. 

As for conservation factor, it is involved with “Proportion of soil loss from one type 

of conservation equaled as soil loss in the area with contour cultivation”. According to 

Charlie Navanugraha (B.E.2546) cited Arnoldus (1976), he had concluded the value 

of P as follows:   

- Contour Cultivation 

- Contour Strip Cropping 

-     Terracing 

Table 2-9: P-factor 

P-factor 
Slope 

Percentage 
Contour 

Cultivation 

Contour Strip 

Cropping 
Terracing 

2-7 0.5 0.25   0.5 

8-12 0.6 0.30   0.6 

13-18 0.8 0.40   0.8 

19-24 0.9 0.45  0.9 

Source: Charlie Navanugraha (B.E.2546) cited Arnoldus (1976) 

Remarks: If crops do not have any conservation systems in level, slope would be P-

factor as equal as 1 (Wischimeier and Smith, 1978). 
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Morgan (1995) indicated that USLE may properly be used to: 

• Predict average annual soil loss from a field slope with specific land use 

condition, 

• Guide the selection of cropping and management system, and conservation 

practices for specific soil and slopes, 

• Predict the change in soil loss that would result from a change in cropping 

or conservation practices on a specific field, 

• Determine how conservation practices may be applied or altered to allow 

more intensive cultivation and determine conservation need, 

 

Table 2-10: Advantage and Limitation USLE 

Advantage Limitation 

1. It is simple, easy to use and widely 

accepted as appropriate erosion 

estimation tool 

2. Long term average annual or 

seasonal erosion are given by 

USLE 

3. USLE is the best method for 

different area; and can be adopted 

to smooth slope, soil and cropping 

management 

4. USLE was derived from the tested 

on the data from the experiment 

station in USA, which represent 

over 10,000 plot years of data 

therefore USLE is expected to give 

good results 

1. It does not estimate the onsite 

deposition 

2. It does not estimate the 

sedimentation concentrated in the 

runoff 

3. It does not estimate sediment yield 

from field using delivery ration 

4. Extensive parameter data set can be 

used to select input parameter value 

5. USLE is applicable to small filed 

scale watershed 

 

Source: Morgan (1995) 
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2.2.6 Correlation Coefficient      

Correlation Coefficient is finding association levels between 2 variables 

through Correlation Coefficient in order to measure the degree of association level 

and the direction. Analysis of Correlation Coefficient is the study of joint properties 

of both variables regardless of their status whether being dependent or independent 

variables for finding Correlation Coefficient through plotting graphs between both 

variables. The spreading of plotting indicated how both variables associated together.    

 

     R     = 
( )( )

))()()(( 2222 ∑ ∑∑ ∑
∑ ∑∑

−−

−

yyNxxN

yxxyN
 …………………2.4 

 

where;       R  represents Correlation Coefficient between variables x and y  

∑ ∑ yx  represents total measured total from x and y, respectively   

∑ xy   represents total multiplication between x and y  

 ∑∑ 22 yx     represents  power square of data from x and y, respectively  

             N     represents sampling 

 

Correlation Coefficient between -1 to 1 would be able to tell size and direction 

of Correlation Coefficient as follows: 

When R value is equaled to +1, both variables would have completed 

association and same direction. In another words, if the value of one variable 

increased, anther variable would increase in value also.  

When R value is equaled to -1, both variables would have completed 

association with opposite direction. In another words, if the value of one variable 

increased, another variable would decrease in value also.  

When R value is equaled to 0 or closer, both variables would not have any 

associations or have the least association.  

 Normally, in hydrology, R should have more value than 0.60 for y and x with 

acceptable association (Viraphol Taesombat, B.E.2531)   
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2.2.7 Correlation function 

In this study, Correlation function was applied in the analysis of Time series of 

monthly rainfall and runoff to consider association between numerous variables as 

model input with outcomes as the guidelines for selection of variables suitable for   

Neuro-genetic Optimizer in the monthly sediment forecast.  

 Correlation function are being classified into 2 types in auto-correlation 

function which based on the association of the same time series such as,  comparison 

between today and yesterday runoff. For another Correlation function, cross -

correlation function would be used to consider association between different types of 

time series such as, association between today and yesterday runoff. Details of 

analysis are being discussed in the following topics:  

 

1.  Auto-correlation analysis 

 It is the analysis of same variables correlation as compared to next K Lag time 

as shown in Figure 2-7. In considering correlation value, one must look at correlation 

of 2 identical variables in different time frame such as, considering correlation 

between Xt and Xt-1or Xt and Xt-1. Analysis of this association should never involve 

with variables in another times.  

Therefore, derived correlation may not be the actual value between both 

variables if one variable has influence towards another at different times such as, Xt 

except for its dependent or existing correlation with Xt-1. As a matter of fact, Xt may 

depend on other factors such as, Xt-2 or Xt-3. 

 

 Neuro-genetic Optimizer is used for sediment forecast in the auto-correlation 

analysis. 

 
Figure 2-7: Association as Auto-correlation of time series 

(after Yevjevich, 1972) 
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Auto-correlation that measured linear association between variables Xt and 

Xt+k is called auto-correlation to replace ρk with population and sampling which 

would yield value form equation as follows:   

( ) ( )( )
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=
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−
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  where;  k = 1,2,…… 

Auto-correlation would have value from -1 to +1 if  rk has positive value 

which indicated that data with time distance of  k should have positive association. As 

a matter of fact, if Xt has high value, then Xt+k value should be increased also. If rk 

revealed negative value, data with time distance of k would have negative association. 

In another words, if Xt has higher value, then Xt+k value should be lower, and if rk  = 0, 

it indicated data with time distance of  k without association together. 

  

2. Cross-correlation function 

Cross-correlation function is the association between data of 2 time series 

(Xt, Yt) and when (Yt) is the dependent of another set (Xt). For example, association 

between runoff from rainfall or association between inflow and rate of snow erosion. 

This type of analysis is different from analysis of correlation of different variables as 

compared to time used for considering association in specific time series (Xt-1, Yt-k). 

Correlations between 2 series are being called Cross-correlation to be replaced with 

ρxy or rxy which could be calculated from the following equation:  
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         ..………….2.7 
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 For Analysis of lag cross-correlation, it may be analyzed with the use of this 

equation: 
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 where; k = 1, 2 … 

  

Replacing   rxy or ryx in the graph to show association k as illustrated in Figure 

2-8. The graph would not symmetric with the core of k = 0. 

 

 
Figure 2-8: Graph of Cross-correlation between Time Series X and Y 

(after Yevjevich, 1972) 
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2.3 Model 

Based on the process, accumulated sediment in the reservoir came from soil 

erosion in the area above the reservoir more or less depended on force of rainfall, land 

use type, geo-morphology of watershed, inflow, slope of major and minor watershed, 

including size of area and type of soil in the watershed. Therefore, model is being 

used for sediment estimation to identify guideline for the watershed management in 

order to reduce sediment discharge and being part of the reservoir design for 

sustainability. Even many applications of models to find sediment discharge have 

been used, only 2 models in Regression and Neuro-genetic Optimizer model involved 

with this study. 

 

 2.3.1 Regression model 

 2.3.1.1 Regression Analysis 

 Stockburger (1998) mentioned that Regression analysis is the forecast of a 

variable, so dependent variable which usually represents by Y with the value of 

independent variable which represents by X. Independent variable may be used only 

one or variables at the time.   If only one variable is being used, the forecast would be 

Simple Regression Analysis. When more than 2 variables are used, it would be called 

Multiple Regression Analysis. In general, the application of more than 1 independent 

variable should give more accurate forecast than the use of only 1 independent 

variable. 

 The idea of using independent variable to forecast dependent variable because 

both variables associated with each other one way or another. It may be certain or 

uncertain which variable is the cause and which is the effect. Association could be 

either Linear or Non-linear known as Scatter Diagram that must be considered 

association between X and Y with tendency whether being linear or Non-linear. 

Linear association is frequently found in Regression analysis. As for Non-linear 

analysis, it could transform any independent variables to be in the same function of 

former variable as well as giving association in linear form. Therefore, the emphasis 

would be on linear regression analysis mainly.  
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 1. Simple Regression Model 

 Simple Regression Model is the association between Dependent Variable and 

Independent Variable as being expressed in the following equation: 
 

    y = a+bx                       …………2.11 
 

 where;  x   =  Independent variable 

   y   =  Dependent variable 

  a and b are Regression Coefficient which can be calculated from the 

following equation:  
  

  a = 
( )( ) ( )( )
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−
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             ……….2.12 
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−

xxN

yxxyN
                  ……….2.13

  

 2. Multiple Linear Regression Model is involved with the following 

equation:   
 

  y  =    a + b1x1+ b2x2+….+bnxn               ………2.14 
 

where;  y  =   Dependent variable  

     x1, x2…xn = Independent variables 

   a  = Intercept or Regression 

b =  Regression Coefficient of Dependent variable y  

towards Independent x1, when other Independent 

variable is assumed stable 

If Independent Variable is equaled to 2, equation would be as follows: 
    

y =   a + b1x1+ b2x2                       …………2.15 
 

 Finding a, b1, b2 from normal equation as follows: 
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∑∑∑ ++= 2211 xbxbnay                     ..…………2.16 

 ∑ ∑ ∑ ∑++= 212
2
1111 xxbxbxayx         ….……….2.17 

 ∑ ∑ ∑ ∑++= 2
122122 2

1
xbxxbxayx

         ...………..2.18 

  

As for linear model, it had been applied with the study in sediment discharge. 

The study in this area was done by Viraphol Taesombat (B.E.2531) and Supavadee 

Yimsricharoenkit (B.E.2541). According to Viraphol Taesombat (B.E.2531), he had 

estimated sediment discharge from 2 parts of association as follows: 

1. Correlation between suspended sediment and watershed area. 

2. Correlation between suspended sediment and river discharge. 

Details are shown as follows: 

 

Correlation between suspended sediment and watershed area:  

Sometimes, in the area for sediment study, there had not been any data 

collection. Therefore, it must depend on the suspended sediment from other watershed 

in the nearby area with similarity in hydrology to find suspended sediment at the 

study point.   

One popular method is to take data form other watersheds to calculate Mean  

annual suspended sediment discharge and watershed area. This correlation has been 

graphed in power as shown in the following equation:  

As for linear model based on the study of Viraphol Taesombat (B.E.2531) 

correlation between suspended and Watershed area correlation between sediment 

discharge and flow of water discharge correlated with watershed area as shown in the 

following equation: 

              Qs              =  aAb      …………… 2.19 
 

where; Qs  =  Average yearly suspended sediment 

A  =        Watershed area  

     a and b =         Regression coefficients 
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After deriving at correlation between average annual suspended sediment and 

watershed area, it would be adapted to use at the study point to find watershed area. 

Replacing correlation should yield average annual suspended sediment as required. 

  

Correlation between suspended sediment and river discharge 

 Viraphol Taesombat (B.E.2531) had stated that correlation between suspended 

sediment (Qs) and river discharge (Q) in the plotting graph so called sediment 

discharge rating curve or plotting in the graph paper as power. Such correlation is 

expressed in the following equation. 
 

    Qs =  kQn                     …………….2.20 
 

where; Qs  = Mean annual suspended sediment (weight / time) 

 Q =  River Discharge (volume / time) 

    k and n = Regression coefficients 

 

Therefore, sediment discharge rating curve has been used for finding 

suspended sediment from data of river discharge extended monthly or yearly which 

could be compared as finding data from stage-discharge rating curve. Normally, 

suspended sediment rating curve is less accurate than stage river discharge rating 

curve which hardly displayed distinct correlation between suspended sediment and 

river discharge. Regardless of precise accuracy, correlation in the sediment rating 

curve is considered another effective method for finding suspended sediment.  

 

Furthermore, Supavadee Yimsricharoenkit (B.E.2541) had done the survey to 

find suspended sediment in the watershed area in Thailand with the similar equation 

as the one used by Viraphol Taesombat (B.E.2531) in the correlation analysis to study 

the influence of watershed area towards suspended sediment through regression 

analysis to build model based on data sample to forecast future data in the following 

equation: 
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Stage-discharge rating Model for data sample for forecasting in the equation below, 

Y =  aXb       ...………….2.21 
  

where; Y  = Dependent variable is suspended sediment (ton) 

X  = Independent variable is the Watershed area (square meter)  

  a = Constant of Regression 

b = Regression coefficient of dependent variable X showing  

   the slope 

 

As being seen from the past, hydrological model is based on the basis of 

physical correlation of variables or statistic. However, this linear model is rather 

complex. The outcomes had not been too satisfied. Equation generally used has been 

simple linear as y = a+bx which is frequently employed as well as applying equation 

in R that mostly preferred in hydrological. The equation of Multiple Linear 

Regression Model is as follows y = a + b1x1+ b2x2+…. + bnxn.  

 

Furthermore, linear model needs various and fine hydrological data (area, 

topology, river network, soil characteristic, rainfall and flowing rate). These data 

could not be found easily which created problems in the use of model, especially in 

the calibration step. This model is being used for long time calculation which resulted 

in time-consuming and high cost (Seree Supharatid, B.E.2544).    

 

Table 2-11: Advantage and Limitation of Regression Model 

Advantage Limitation 

1. Low cost 

2. Simple equation   

1. Complicated and unpopular outcomes 

2. Required many data that are difficult to find 

3. Use in the calculation 

Source: Stockburger (1998) 
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2.3.2 Artificial Intelligent model  

 Artificial Intelligent model is the adaptive system with principles of Artificial 

Intelligence which has been used widely international and domestic such as, Neural 

Network Model, Genetic Algorithms Model, Neuro-genetic Optimizer Model and 

Simulated Annealing Model  

 

2.3.2.1 Artificial Neural Networks 

According to Varawoot Vudhivanich (B.E.2544) had explained that Artificial 

Neural Networks: ANNs is considered another branch of Artificial Intelligence, AI 

which has been developed to apply with computerized system. ANNs is the 

calculation system to duplicate the work of human brain for forecasting events from 

existing data such as, weather forecast, stock forecast. At present, there had been the 

application of ANNs to forecast hydrology. Furthermore, the development of ANNs 

could be applied in many areas such as, Image Processing and Pattern Recognition 

ANNs and other areas in Machine Algorithms, Natural Intelligent System. 

Neurons in human brain are consisted of human foundation or Neurons which 

are group of nerve cells for memorizing, thinking as we Viraphol Taesombat ll as 

applying knowledge and experiences recording in the brain with daily life. Each 

Neuron would join with other Neuron as much as 200,000 Neurons. Brain power is 

originated from many Neurons that joining in complex as Neurons based on principles 

of Neuroscience in 4 sections. Each section should work as follows:  

Dendrites is Accept Input 

Soma  is Process input 

Axon  is Turn the processed input into output 

Synapses is          Electrochemical contact between neurons 

In human brain system, Dendrites are acting as data recipients from other 

sources before passing to Soma to compile primary data. Then, Axon would transform 

various data into outcomes for Synapses to send out to Neurons so that they could 

build the final outcomes. As a matter of fact, human brain works are more 

complicated than human able to understand.  
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Figure 2-9: Neuron Structure in Human Brain 
(after Rumelhart et al., 1986) 

 

 
 

Figure 2-10: Artificial Neural Network Structure 
(after Rumelhart et al., 1986) 
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Table 2-12: Comparison of Neuron with Artificial Neural 

Order Neuron Artificial Neural 

1 

2 

3 

4 

5 

6 

Cell body 

Dendrites 

Axon 

Synapses 

Speed in slow work 

Most cell (about 109 Unit) 

Unit 

Input 

Output 

Weights 

Speed in fast work 

Few cell (about 100) 

Source: Seree Supharatid (B.E.2544) 

 

1. Artificial Neural Networks  

Primary working principles of ANNs is shown in Figure 2-11 which may be 

explained that Network operation may have many inputs to motivate output by each 

Input would influence output differently which may be measured from weight. 

 

Inputs Weights
Bias

Transfer
Function

Output

Dendrites

Axon

y

Activation
Potential

θ

Threshold

Insert depicting threshold
activation potential on sigmoid

 

 

Figure 2-11: Primary Working Principles of ANN 

(after Rumelhart et al., 1986) 
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From X(X1, X2, X3), it has been classified as input that associated with Y 

which is non-linearity output to derive at F (Net) as non-linearity function as shown in 

equation 2.22. 

F (Net)  = X1 W1+ X2 W2+ X3W3 

or   I  =  ∑ XW          .…………2.22 

 
Figure 2-12: Schematic Diagram of Activate Function 

(after Rumelhart et al., 1986) 
 

After the Artificial neurons transmitted positive value or Activation (I) into 

(Y) with uncomplicated mathematic functions such as, Linear, Sigmoid, and 

Hyperbolic tangent, Sinc or Gaussian.   

 

                                                Y = ∫ )(I                            ……………..2.23 

∫ )(I  is Transfer function  

 

As for Transfer function widely used as illustrated in Table. 2-13 for sending 2 

types of functions consisted of linearity and non-linearity functions. The function with 

most preferred use is sigmoid with value between 0 to 1 because of its ability to 

conveniently search for function without calculating for new exponential in each 

calculation   (Seree Supharatid, B.E.2544). 

 

∑ = netXW  F (Net) = Y 
Input 

X 
Output 

Y 
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Table 2-13: Type of Neural Network Activation Function 

Function Equation 
Characteristics of 

function 

Linear f(x) = x  

 

 

Sigmoid 
f(x) = 

)exp(1
1

x−+
 

 

 

 

Hyperbolic tangent f(x) = tanh (x)  

 

 

Sinc f(x) = sin (x)  

 

 

Gaussian  f(x) = exp (-xx)  

 

 

Source: adapted from Seree Supharatid, (B.E.2544) 

 

In the working process of ANN, there are many learning processes in various 

forms and theories, learning with objectives in weight suitable for leading to output as 

nearest as the set purposes. 

2. Design 

The developer must go through a period of trial and error in the design 

decisions before coming up with a satisfactory design. The design issues in neural 

networks are complex and are the major concerns of system developers.  
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Designing a neural network consists of: 

• Arranging neurons in various layers.  

• Deciding the type of connections among neurons for different layers, 

as well as among the neurons within a layer.  

• Deciding the way a neuron receives input and produces output.  

• Determining the strength of connection within the network by allowing 

the network learns the appropriate values of connection weights by 

using a training data set.  

The process of designing a neural network is an iterative process; the Figure 

below describes its basic steps. 

Layers 

Biologically, neural networks are constructed in a three dimensional way from 

microscopic components. These neurons seem capable of nearly unrestricted 

interconnections. This is not true in any man-made network. Artificial neural 

networks are the simple clustering of the primitive artificial neurons. This clustering 

occurs by creating layers, which are then connected to one another. How these layers 

connect may also vary. Basically, all artificial neural networks have a similar structure 

of topology. Some of the neurons interface the real world to receive its inputs and 

other neurons provide the real world with the network’s outputs. All the rest of the 

neurons are hidden form view.  
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Figure 2-13: Patterns of Artificial Neurons Network 

(after Dan, 1996) 

As the Figure above shows, the neurons are grouped into layers the input layer 

consist of neurons that receive input form the external environment. The output layer 

consists of neurons that communicate the output of the system to the user or external 

environment. There are usually a number of hidden layers between these two layers; 

the Figure above shows a simple structure with only one hidden layer.  

When the input layer receives the input its neurons produce output, which 

becomes input to the other layers of the system. The process continues until a certain 

condition is satisfied or until the output layer is invoked and fires their output to the 

external environment. 

To determine the number of hidden neurons the network should have to 

perform its best, one are often left out to the method trial and error. If you increase the 

hidden number of neurons too much you will get an over fit, that is the net will have 

problem to generalize. The training set of data will be memorized, making the 

network useless on new data sets. 

Input Layer  Hidden Layer  Output Layer  

X

X

X

X

Y

Y

Y



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Appropriate Tech. for Resources and Env. Dev.) / 45 

3. Types of connections 

Neurons are connected via a network of paths carrying the output of one 

neuron as input to another neuron. These paths is normally unidirectional, there might 

however be a two-way connection between two neurons, because there may be 

another path in reverse direction. A neuron receives input from many neurons, but 

produces a single output, which is communicated to other neurons.  

The neuron in a layer may communicate with each other, or they may not have 

any connections. The neurons of one layer are always connected to the neurons of at 

least another layer.  

3.1 Inter-layer connections 

There are different types of connections used between layers; these 

connections between layers are called inter-layer connections. 

• Fully connected 

each neuron on the first layer is connected to every neuron on the 

second layer.  

• Partially connected 

a neuron of the first layer does not have to be connected to all neurons 

on the second layer.  

• Feed forward 

the neurons on the first layer send their output to the neurons on the 

second layer, but they do not receive any input back form the neurons 

on the second layer.  

• Bi-directional 

There is another set of connections carrying the output of the neurons 

of the second layer into the neurons of the first layer.  

Feed forward and bi-directional connections could be fully- or partially connected.  

• Hierarchical 

If a neural network has a hierarchical structure, the neurons of a lower 

layer may only communicate with neurons on the next level of layer.  
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• Resonance 

The layers have bi-directional connections, and they can continue 

sending messages across the connections a number of times until a 

certain condition is achieved.  

3.2 Intra-layer connections 

In more complex structures the neurons communicate among themselves 

within a layer, this is known as intra-layer connections. There are two types of intra-

layer connections.  

• Recurrent 

Neurons within a layer are fully- or partially connected to one another. 

After these neurons receive input form another layer, they communicate their 

outputs with one another a number of times before they are allowed to send 

their outputs to another layer. Generally some conditions among the neurons 

of the layer should be achieved before they communicate their outputs to 

another layer.  

• On-center/off surround 

A neuron within a layer has excitatory connections to itself and its 

immediate neighbors, and has inhibitory connections to other neurons. One 

can imagine this type of connection as a competitive gang of neurons. Each 

gang excites it and its gang members and inhibits all members of other gangs. 

After a few rounds of signal interchange, the neurons with an active output 

value will win, and is allowed to update its and its gang member’s weights. 

(There are two types of connections between two neurons, excitatory or 

inhibitory. In the excitatory connection, the output of one neuron increases the 

action potential of the neuron to which it is connected. When the connection 

type between two neurons is inhibitory, then the output of the neuron sending 

a message would reduce the activity or action potential of the receiving 

neuron. One causes the summing mechanism of the next neuron to add while 

the other causes it to subtract. One excites while the other inhibits).  
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4.  Learning Process 

The brain basically learns from experience. Neural networks are sometimes 

called machine learning algorithms, because changing of its connection weights 

(training) causes the network to learn the solution to a problem. The strength of 

connection between the neurons is stored as a weight-value for the specific 

connection. The system learns new knowledge by adjusting these connection weights. 

The learning ability of a neural network is determined by its architecture and 

by the algorithmic method chosen for training.  

The training method usually consists of one of three schemes: 

1. Unsupervised learning 

The hidden neurons must find a way to organize them without help from the 

outside. In this approach, no sample outputs are provided to the network against 

which it can measure its predictive performance for a given vector of inputs. This is 

learning by doing.  

2. Reinforcement learning 

This method works on reinforcement from the outside. The connections 

among the neurons in the hidden layer are randomly arranged, then reshuffled as the 

network is told how close it is to solving the problem. Reinforcement learning is also 

called supervised learning, because it requires a teacher. The teacher may be a 

training set of data or an observer who grades the performance of the network results. 

Both unsupervised and reinforcement suffers from relative slowness and inefficiency 

relying on a random shuffling to find the proper connection weights. 
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3.  Back-propagation 

This method is proven highly successful in training of multilayered neural 

nets. The network is not just given reinforcement for how it is doing on a task. 

Information about errors is also filtered back through the system and is used to adjust 

the connections between the layers, thus improving performance in a form of 

supervised learning. 

Neural Networks being used 

Neural networks are performing successfully where other methods do not, 

recognizing and matching complicated, vague, or incomplete patterns. Neural 

networks have been applied in solving a wide variety of problems. 

The most common use for neural networks is to project what will most likely 

happen. There are many areas where prediction can help in setting priorities. For 

example, the emergency room at a hospital can be a hectic place; to know who the 

most critical needs help can enable a more successful operation. Basically, all 

organizations must establish priorities, which govern the allocation of their resources. 

Neural networks have been used as a mechanism of knowledge acquisition for expert 

system in stock market forecasting with astonishingly accurate results. Neural 

networks have also been used for bankruptcy prediction for credit card institutions. 

Although one may apply neural network systems for interpretation, prediction, 

diagnosis, planning, monitoring, debugging, repair, instruction, and control, the most 

successful applications of neural networks are in categorization and pattern 

recognition. Such a system classifies the object under investigation (e.g. an illness, a 

pattern, a picture, a chemical compound, a word, the financial profile of a customer) 

as one of numerous possible categories that, in return, may trigger the 

recommendation of an action such as a treatment plan or a financial plan. 
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Basically, most applications of neural networks fall into the following five categories:  

• Prediction 

Use input values to predict some output. e.g. pick the best stocks in the 

market, predict weather, and identify people with cancer risk.  

• Classification 

Use input values to determine the classification. e.g. is the input the 

letter A, is the blob of the video data a plane and what kind of plane is 

it.  

• Data Correlation 

Classification but it also recognizes data that contains errors. e.g. not 

only identify the characters that were scanned but identify when the 

scanner is not working properly.  

• Data Conceptualization 

Analyze the inputs so that grouping relationships can be inferred. e.g. 

extract from a database the names of those most likely to by a 

particular product.  

• Data Filtering 

Smooth an input signal. e.g. take the noise out of a telephone signal.  

5. Back-propagation Neural Network, BPNN 

The most preferred ANN is multilayer feed forward through the learning of 

Back-propagation (BP). This model is composed of 3 layers in input layer, hidden 

layer and output layer. As for learning process of existing input and output, Input is 

being fed into each unit in first level. From there, each input has been multiplied with 

weight, especially linking between layers, started in random. Results from the 

calculation are combined and transmitted into output through activation function. 

Then, Output would be compared with actual data or target by correcting weight to 

reduce differences or error in each round of calculation, this correction must be 

carried on and ending when the error has been less than acceptable value as illustrated 

in Figure 2-14. Then, the network connection for back propagation would apply only 

the learning process. 
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Figure 2-14: Multilayer feed forward and Back-Propagation Learning 

(after Rumelhart et al., 1986) 

 

Back Propagation is being used in the learning process or calibration to find 

weight suitable for model or network. ANNs is widely accepted for use because of its 

effective operation, especially in non-linearity and dynamics. Furthermore, it does not 

require the user of non-linearity to understand the physical correlation between   

variables such as, sudden flood. However, it does not mean that ANNs has never 

concerned about basic knowledge or data from experiences. 

 

On the contrary, it could reduce difficulty in the application of Model and able 

to identify pattern of searching correlation. Furthermore, ANNs is the effective tool 

for adapting with works relevant to calculation and memorization in Data 

Classification, Forecasting, Data compression, Noise Filtering. Mathematical 

Application, ANNs may be considered as Universal Approximate because of the 

ability to identify correlation between Input – Output that should help with solving 

difficult and complex problems (Seree Supharatid, B.E.2544) 

e 

e 

e 

e 

Inputs Hidden Layer Outputs Target 

Back-propagation Errors 
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Table 2-14: Advantage and Limitation of Artificial Neural Network Model  

Advantage Limitation 

1.  Intelligence Computer System 

2. Effectiveness in the adaptation for 

calculation and memory 

3. Universal Approximate in the ability 

to associate between Input-Output by 

learning from available data  

4. Adapting for use in the forecasting 

water level as well as duplicating 

rainfall process and runoff, together 

with forecasting saltiness at the estuary 

5. Black Box Model is not for 

Conventional Model for savings time 

and rather cost more in investment cost 

1. Identifying initial value of weight and 

learning process still need to be developed 

more 

2. Network  Back Propagation (BP) can 

not yield Global Optimum and it highly 

possible that the miscalculation should fall 

into the   Local Optima 

3. Network BP is adapted to work with 

certain problems to identify numbers of 

hidden layers; units in those layers and 

how to select activate functions 

4. Approaching final answers slowly 

5. Overtraining should make network 

unable to sort out design of targeted data 

Source: Kampanad Bhaktikul (B.E.2547) 

 

2.3.2.2 Genetic Algorithms 

Genetic algorithms (GAs) were first extensively described by John Holland in 

1975 (Holland, 1975). They were later developed by several people, including David 

Goldberg (Goldberg, 1989), and have since been extensively investigated for a variety 

of application areas, including engineering, art, and artificial intelligence. GAs is 

biologically inspired search algorithms characterized by the following qualities: 

· They consist of Populations of Chromosomes, with each chromosome being 

an encoded attempt at a problem solution.  

· Each chromosome consists of a string of Genes, with each gene representing 

a parameter of the encoded problem solution. 

· Promising chromosomes are used, through the use of genetic operators such 

as crossover and mutation, to create new chromosomes, causing each successive 

population to move closer to the optimal solution in a process similar to biological 

evolution. 



Thanyalak Iamnarongrit  Literature Review / 52 

 
0 0 1 1 1 0 1 0 1 

 
  Gene 1        Gene 2          Gene 3  

Figure 2-15: One chromosome components with 3 Genes  
(Kampanad Bhaktikul, B.E.2547) 

 

GA operators 

1. The Selection Operator 

The Selection Operator is that through which strings are selection in the 

reproduction process and for participation in the next generation. The fittest strings 

have the highest probability of being used in reproduction. There are a number of 

approaches to selection, all of which determine the probability of selection as function 

fitness. The common approaches are: 

• Proportional selection 

• Rank selection 

• Tournament selection 

2. The Crossover Operator 

Crossover is an extremely important part a GA. If crossover is neglected, 

the result is no longer a genetic algorithm and the performance will be degraded for a 

variety of reasons (Davis, 1991.) The crossover operator permits the exchange of gene 

between pairs of chromosomes in a population. This operator offers the possibility of 

good genetic material from different individual strings being combined to create an 

even fitter individual. The operator is intended to preserve the best material from two 

parent strings. 

The number of strings in which material is exchanged is controlled by the 

crossover probability, which is an input to a GA. The crossover probability is 

normally in the range of 0.5 to 1.0. Three approaches to crossover are described by 

Goldberg (1989) and Michalewicz (1992) 

1. One-point Crossover 

2. Two-point Crossover 

3. Uniform Crossover 
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    Locus              Locus     Locus 

 
 
 
 
 

 
 
 

One-point Crossover Two-point Crossover Uniform Crossover 
 

Figure 2-16: Approaches to Crossover (Kampanad Bhaktikul, B.E.2547) 

 

3. The Mutation operator 

Mutation is an important operator of GAs, and permits new genetic 

material to be introduced to a population. A mutation probability can be specified that 

permits random mutation. In binary representation, individual alleles or bits of a gene 

simply have their value changed from a 0 to 1 or vice versa. For real value 

representation Michalewicz (1992) has outlined two basic approaches to mutation. 

The value of a gene can be mutated randomly within its feasible range of values, 

while modified uniform mutation permits modifications of a gene by a specified 

amount. One of the problems with uniform mutation in real value representation is 

that otherwise good solutions can be disturbed by the mutation process. This can be 

overcome through non-uniform mutation, in which the amount by which genes can be 

mutated is reduced as the run progresses. 



Thanyalak Iamnarongrit  Literature Review / 54 

Table 2-15: Advantage and Limitation of Genetic Algorithm Model 

Advantage Limitation 
1. Optimization Problem with Objective 

Function both Linear and Non-Linear 

2. Population search with less chance 

for Local Optima  

3. Probabilistic Rule 

4. Set Up easy and fast, It’s Black Box  

Model not Conventional Model 

5. Heuristic Optimizer can cause less 

Butterfly Effect  

6. Real Time Operation  

7. Development Source Code for Water 

Allocation Irrigation Research is as 

equal as water shortage period   

1. Decision Variable would make the 

work inferior 

 2. Chromosome Length is too long 

which should make Execution time 

quite high 

3. Identifying Penalty Factor needs 

more research for further researches  

4. Newly arrival in Thailand, it is not 

wildly known with fewer Applications. 

Then there should be the continuous 

development to adapt with work 

extensively    

 

Source: Kampanad Bhaktikul (B.E.2547) 
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2.3.2.3 Neuro-genetic Optimizer model 

At present, ANN is available in many forms and constantly developing for 

effectively solving problems. The most popular ANN widely used is Back 

Propagation (BP) because of its simplest form that can be adapted for solving many 

problems. 

  

 Most structure of ANN is consisted of Input, Output and the most important 

part in the Hidden Layer which joined Input and Output as Nonlinear. Structure of 

Hidden Layers is the one for experimenting with Node in suitable Hidden Layers and 

Transfer Function. From the previous research, findings indicated that suitable Hidden 

Layers had no certain rules and unable to find structure Hidden Layers in each case 

because testing numbers would have countless value (Yeh, 1998). 

 

From such problems, there had been some suggestions for presenting idea 

ANN to Genetic Algorithms:  Through the application of Genetic Algorithms, it 

should help in finding the structure of Hidden Layers inside ANN. This is meant for 

finding Nodes in Hidden Layers and suitable Transfer Functions based on natural 

selection process and species selection (Kannika Silanon, B.E.2542). Therefore, the 

mixture between neural network and Genetic algorithm through the application of GA 

would help in designing structure and network as well as finding suitable network. 

Therefore, Neuro-genetic algorithm had been invented for this purpose (Seree 

Supharatid, B.E.2544). 

 

Neuro-genetic Algorithm: NGA is the model in Hybrid that could be used with 

complicated matters as the tools for decision-making when there are diversified 

variables by selecting data for testing and training as well as selecting type of 

Network and designing structure of NGA through the application of Genetic 

Algorithm (GA) in the structural improvement of network and selecting key variables 

as one way to solve problem that could applied with solving existing problems.   
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This research had chosen the Model with the mixture of ANN and GAs or so 

called ANN with GAs or Neuro-genetic Algorithms that GAs should help to identify 

ANN in the suitable Hidden Layers.  

 

1. Model Structure 

Model ANN is constructed of 3 important parts as follows:  

1) Input Neurons are result compilation units for inputting data into ANN 

which required the analysis of input data to find which type of model has the best 

suitability. 

2) Output Neurons are result compilation units for outcomes of ANN which 

are results of forecasting.  

3) Hidden Neurons are result compilation units for sending and receiving data 

with other results compilation as part of Neuro Genetic Algorithms with the assistant 

of GAs to help finding  Hidden Layers within ANN for suitability. 

 

  
Figure 2-17: Neuro Genetic Algorithms Structure 

 

e 

e 

e 

e 

Inputs Hidden Layer Outputs Target 

Back-propagation Errors 
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2. Steps of Neuro-genetic Optimizer 

There are 10 working steps of Neuro-genetic Optimizer as shown in Figure    

2-18 as follows: 
 

Step 1: Initial population 

 The first step is started from building new population consisted of 

Chromosomes with double base derived from Random Sampling with equal size of 

specify chromosomes by having total chromosomes as population size.   
 

Step 2: Decode 

 This step is involved with decoding heredity from chromosomes derived from 

population in the 1st step by transforming double base into ten bases for hidden neuron 

in the Hidden Layer of ANNs. 
 

Step 3: Trained Back-propagation Neural Network 

In this step, network for learning would be derived from the past data by 

assigning numbers of hidden neuron as equal as the value from decoding. Before data 

could be applied in learning, data must be made into normal design. Afterwards, data 

must be divided into 2 set, one in Training, another in Testing. Learning process is the 

reverse learning process with variance that could be reversed back to adjust weight so 

that variance may be reduced. As for numbers of Epoch, one may notice the stability 

of error or reduction in smaller proportion.  
 

Step 4: Fitness evaluation 

 In this step, calculation was done to find variance of network which 

considered proper Fitness value of heredity by using RMSE. 
 

Step 5: Stop criteria 

 This is the step to check when the design stops working by setting up conditions 

for numbers of result compilation. If answers in each round are still stable, it should stop 

working. For examples, stop at 10 rounds of compilation or receiving duplicate answers 5 

times in the row. If the stop conditions are real, operation may stop at step 10. On the 

contrary, for unreal stop conditions, proceed further with step 6.      
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Step 6: Selection 

 In this step, two chromosomes with the least fitness values were selected from 

population to be the breeders.  

 

Step 7: Crossover 

 This is the step for crossing species by exchanging genes among selected 

breeders in Step 6 for Offspring.  

 

Step 8: Mutation 

After deriving at offspring with 2 chromosomes after crossover, mutation 

would be done by randomly selected position of Gene with the possibility of 

mutation. Then, after randomly selected position, value of Gene would have opposite 

value. 

 

Step 9: Replacement 

The offspring with fitness value would take place of the suitable chromosome 

in order to derive at new group of population before going back to 2nd step.  

 

Step 10: Stop 

 After the stop conditions had been verified, the operation of Model would stop 

with only the best network design had been collected for being used for measuring 

effectiveness of network.  
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Figure 2-18: Diagram of Neuro-genetic Optimizer (Shukla, 2000) 
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3. Application of Neuro-genetic Optimizer  

Neuro-genetic Optimizer is being used widely and adapted in various branches 

as follows:  

2.1 Forecasting 

Forecasting is being used for predicting various events such as, water 

levels, wave height, stocks and introducing products into the market and weather.   

 2.2 Data Compression  

Data compression is being used for extracting data or down sizing with 

input reduction before results compilation such as, reducing size of picture or data 

file. 

2.3 Data Classification 

      Data classification is being used for sorting out direct data for the network 

to know past data before applying data classification such as, separation of ripe fruits 

from unripe fruits.  

2.4 Control 

Control is being used for learning and controlling equipments for 

automatic  

work such as, controlling robots for factory works. 

 2.5. Transportation 

Transportation is being used for transporting such as, arranging scheduled 

for moving merchandises and finding the shortest distance for transport merchandises. 

2.6. Medical 

Medical is being used in the diagnosis of complex diseases which input the 

abnormality of the body to derive at output to report disease of the patient. 

2.7. Pattern Recognition 

Pattern recognition is being used in learning to memorize the design for 

results compilation such as, seeing objects, memorizing voices to analyze and 

interpretation.  

2.8. Gaming 

Besides adapting for use in various operations as previously mentioned, 

gaming is being used in the game design to teach and interact with player such as 

chess, checkers, fighting or puzzles.  
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Table 2-16: Advantage and Limitation of Neuro-Genetic Optimizer 

Advantage Limitation 

1. Combine Technique that AI 

previously used for flood warning 

2. Providing calculation results for short 

forecasting 

There must be extensive development to 

access more data 

 

Source: Kampanad Bhaktikul (B.E.2547) cited Seree Supharatid (B.E.2544) 
 

Advantage  

* Highly effective "Continuous Adaptive Time", Time Delay and lagged input 

Back Propagation neural networks with optional recurrent outputs, automatically 

competing and selected based on predictive accuracy. 

* Walk Forward Train/Test/Validation model evaluation for assuring model 

robustness, 

* Easy input data lagging for Back Propagation neural models, 

* Neural transfer functions and techniques that assure proper extrapolation of 

predicted variables to new highs, 

* Confusion matrix viewing of Predicted vs. Desired results, 

* Exportation of models to Excel 5.0 (Win 3.1) or Excel 7.0 (Win'95/NT) through 

an optional Excel Add-In 

* Five accuracies to choose from including; Relative Accuracy,  

R-Squared, Mean Squared Error (MSE), Root Mean Square (RMS) Error and 

Average Absolute error. 

 

2.3.3 Data Accuracy 

In data validation for reliability, data consistency must be considered to find 

out if data moved in the same direction because during data collection, the machine 

for recording measurement may be shifted location or changing in the method of 

measurement. The most popular method widely used is double mass curve which has 

been the comparison between the accumulation of yearly rainfall or runoff at the 

station to measure reliability and yearly average accumulation of the surrounding 

stations.     
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2.3.4 Calibration and Verification 

 Calibration and Verification are important factors to display the ability of 

model to handle all situations. Therefore, selecting data span for model calibration 

and verification should cover many events of data in to prove that data could be used 

in many events. As for accepting data outcomes, derived data could confirm the actual 

application with present situation which should be the most updated recording 

version. 

 

2.3.5 Identifying miscalculation in the forecast 

The purpose of this forecast is to derive at accurate calculation in statistical 

significant variables mostly preferred for measuring model effectiveness.  Finding 

miscalculation in measuring effectiveness of model through statistical significant 

variables are shown in the following equations (Seree Supharatid, B.E.2544).  

 

1. Mean Absolute Error, MAE 

MAE      =  ∑
=

−
N

i
ziti

N 1

1          ………… 2.24 

2. Mean Square Error, MSE 
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=

−
N

i
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N 1
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3.  Root Mean Square Error, RMSE 
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2.4 Relevant Studies 
 

Relevant researches in this study, the researcher had studied land use changes 

effecting sediment and Neuro-genetic Optimizer as being concluded as follows: 

 

2.4.1 Researches in land use change, soil erosion and sediment discharge 

Researches for the land use, Prapat Chindapol (B.E.2531) had studied 

hydrological characteristic and sediments with different land use in 8 watersheds, 

Chumporn province from 1988 to 1990. That sediment from watershed area more or 

less depended on different land use.   

 

Anuchit Ratanasuwan (B.E.2544) applied GIS and remote sensing for studying 

impact of land use change on stream flow quantity in the Mae Chaem watershed, 

Chiang Mai Province through satellite image for natural survey of LANDSAT-5 TM 

with data in runoff and rainfall during the past 10 years of the study from 1988 to 

1997 to analyze correlation with regression equation.  

The results of the study that land use in the watershed area had changed the 

design towards 22 runoff with 14 designs effecting 4 designs in runoff reduction and 4 

designs in runoff increment, but effects of the remaining designs towards the change 

in runoff supply to be used in planning area management for increasing annual runoff 

supply had not been transparent. 

 

The research of Sumphan Meesith (B.E.2545) had adapted the effect of land 

use change on sediment yield of Klong Bang I watershed in Phu Si Tan wildlife 

sanctuary, Mukdahan province and Kalasin province, findings indicated positive 

association in reducing of forest area as compared to increasing in the sediment.  
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Furthermore, the study of Thongchai Charupput (B.E.2545) studied the use of 

satellite data to measure land use changes from satellite data to measure land use in 

Lam Phra Phloeng reservoir with data in 1973, 1987, 1991, 2000 His study involved 

with interpretation of satellite image and analysis of the land use in different time 

spans to find changes in this watershed area which had caused sediment accumulation 

in front of the reservoir. 
 

Chayanee Chandraprabha (2002) had studied land use change and its 

implication soil erosion hazard in Lam Phra Phloeng watershed, Nakhon Ratchasima, 

Thailand. The study was the application of USLE to calculate for intensity of soil 

erosion Lam Phra Phloeng watershed as well as interpreting satellite image of 

LANDSAT-5 TM during 1994 and 2000. Outcomes indicated that area for corn 

plantation had the most soil erosion which supported the findings that land use change 

and management were the major factors important causes for increasing or decreasing 

soil erosion.  
 

Narisa Leekanjana (B.E.2546) studied relationship between annual suspended 

sediment in rivers and factors on rainfall, runoff and watershed characteristics. She 

had found that factor most affected between correlations and suspended sediment was 

runoff, following by physical conditions of the watershed and land use type. 
 

Moreover, Dudsadee Pornprakaew (B.E.2548) had done his study of sediment 

in Lam Phra Phloeng reservoir through the program SWIMM by calculating the 

capacity from directly survey of the reservoir. Indicated that through the application 

of SWIMM, calculation could be faster and less time consumed and budget saving in 

the survey as well as giving results in various cut pictures.  
 

From the previous researches, findings suggested that the researcher agreed 

with the study in the same direction which involved with the reduction of forest areas 

from land use change that had caused more sediment into the upper catchments even 

more. Therefore, it could be concluded that factors caused sediments consisted of land 

use, runoff, rainfall and topographical area of watershed. So, those factors had been 

used in this research together with the application of GIS to find the land use change.   
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2.4.2 Research in model adaptation for application in various areas 

2.4.2.1 Research Model in Hydrology  

 

Kosit Lorsirirat (B.E.2535) studied the effect of basin characteristics and 

forest cover on reservoir sedimentation in Northeastern Thailand through the 

application of model constructed from data of sediment accumulation in 11 reservoirs. 

Findings indicated that sediment in the reservoir had valued from 0.003 to 1.8235 

million metres 3 / year, giving total average value at 0.3759 million metres 3 / year.  

Using equation to forecast sediment through the analysis of correlation 

coefficient regression to display the reduction of the forest area in every 10% as 

related to increase sediment in the reservoir estimated   4-5 %. In the present situation, 

findings indicated that all reservoirs are in critical conditions with soil erosion rate in 

the watershed over 0.2 millimeter/year which has been considered as the level of 

natural erosivity.   

 

Nilobol Aranyabhaqa (B.E.2547) had applied the application of CALSITE 

model for estimating soil erosion rates and sediment yield in Mae Chaem watershed, 

Chiang Mai province as well as studying the effect towards land use change. The 

study was done through the application of rainfall data, sediment, soil, topography. 

Findings indicated that the value from the model is as close as actual measured value. 

When the model calibration was done, findings indicated that the higher the number 

of years of sediment data used in model calibration, the variance in evaluation would 

be reduced even though evaluation of sediment production contained higher variance 

than actual measurement.     

 

From the above-mentioned researches, it was found that the researcher had 

conducted the study in the adaptation of linear model to forecast sediment, but 

outcomes were dissatisfied and the variance still way off. 
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2.4.2.2 Researches for ANNs adaptation for use in Hydrology  

As for foreign researches in the application of ANNs in sediment discharge, 

there were some researches done for this area as follows:  

 

Cigizoglu (2000) studied about suspended sediment estimation for rivers using 

Artificial Neural Networks and Sediment Rating Curves. In this study, a comparison 

is made between artificial neural networks (ANNs) and sediment rating curves for two 

rivers. The results of the two estimation techniques and the two approaches for the 

derivation of predictive capability are compared and discussed. The potential 

advantages of ANNs in sediment concentration and flux estimation are highlighted. In 

particular, an ANN approach can give information about the structure of events which 

is impossible to achieve with sediment rating curves. 

 

Tayfur (2002) studied with the application of ANNs to find sheet of sediment 

flow in the experiment to compare 2 models in ANNs and Physical model. Outcomes 

suggested that ANNs could be used in the operation as well as physical model.  

 

From the study of Yitian (2003) had studied the model of sediment flow of the 

river through the application of ANNs, findings indicated that ANNs was suitable to 

adapt for use in sediment estimation because it only required small inputs and 

contained ability to identify correlation between input and output which made it able 

to solve difficult and complex problems.  

 

Underwood and Rizzo (2004) had done their studies in the application of 

ANNs to classify type of flowing sediment in the base of sediment ditch without 

stability. Furthermore, Jy S. Wu, P.E., Shastri Annnambhotla and Scott Bryant (2005) 

had also studied ANNs to forecast surface runoff and flooding. This research 

suggested that ANNs could be adapted for use to forecast surface runoff and flooding 

in the watershed. The model had been developed from forecasting the flood. One 

interesting thing is that hydrological model may be used as another alternative or tool 

to help and assist disaster warning ahead of time.  
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 As for researches in Thailand, the study of ANNs to study in finding sediment 

as similar as foreign researches that mostly used for forecasting water discharge in the 

river, evaluated runoff, flood warning such as the study of Seree Supharatid 

(B.E.2544) who had applied  ANNs in forecasting water level and flood warning in 

Amphur Had Yai. Data consisted of rainfall data and water level and Auto-

correlation, Cross-correlation, together with trail & error to consider numbers of input 

with model in 2000 and testing forecast with flood data in 1988. Findings indicated 

calculation results in satisfactory conditions with R2 value as equal as 0.97 and 0.95 in 

the training and testing period, respectively.  

   

Chatchai Deachgate (B.E.2545) studied the comparison in identifying satellite 

image through variance distribution in ANNs and the most similar method based on 

the theory of Baye’s Decision Rule for LANDSAT 5 photo classification of Rayong 

and Chanthaburi coastal area. Comparison had been done between error back 

propagation and the most similar method. Findings that error back propagation had 

given the most accurate value and become another suitable alternative for satellite 

image classification.     

A comparative study of error back propagation neural network and maximum 

likelihood method for satellite image classification 

 

This was coincided with the work of Sirikanya Saengsawang (B.E.2547) had 

studied Performance comparison of artificial neural network and hydrologic models 

on runoff estimation in the upper Ping river basin. Results conclusion had revealed 

ANNs results more accurate than Hydrological results. 
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2.4.2.3 Researches on Genetic Algorithm 

 Nicklow and Bringer (2001) developed “Optimal Control of Sedimentation in 

Multi-Reservoir River Systems Using Genetic Algorithms” Results of the application 

indicate that the genetic algorithm and the optimal control approach comprise an 

effective decision-making tool in sedimentation control. 

Santos et al. (n.d.) studied “Application of a Genetic Algorithm to Optimize a 

Physically-based Erosion Model” Physically-based erosion models have been very 

useful in simulating the erosion process but due to their physical basis they may 

contain several parameters that should be optimized. Thus, robust optimization tools 

have been investigated and sought. It is difficult to assure that they are not trapped in 

a local minimum. The most robust algorithms used nowadays are the evolutionary 

algorithms, which are a general term used to describe computer-based problem 

solving systems which use computational models of evolutionary processes as key 

elements in their design and implementation. The genetic algorithm selected in this 

paper is known as the shuffled complex evolution, which was developed in order to 

solve problems in the application of conceptual rainfall-runoff models. 
 

2.4.2.4 Researches on   Neuro-Genetic Optimizer 

   Seree Supharatid and Nalinee Jumnonkpol (B.E.2544) “Flood Forecasting and 

Warning of The Chao Phra Ya river basin in 2003” The Chao Phraya river basin 

connects four main rivers , namely the Ping, Wang, Yom and Nan rivers, which 

merge at Nakhon Sawan province. There are many cities located along both sides of 

the river, therefore, in the rainy season; these cities often suffer from flood disasters. 

Flood forecasting and warning is the main concern in this area, which is separated 

into two regions, namely the Upper and Lower Chao Phraya river basin. In the Upper 

Chao Phraya river basin there are 3 forecasting stations (Station Y4 at Sukhothai, 

N14A at amphur Chum Saeng and C2 at Nakhon Sawan). In the Lower Chaophraya 

river basin there are also 3 forecasting stations (C3 at Sing Buri, C22 at Nonthaburi, 

and C4 at Bangkok). The neural network model with the help of a genetic algorithm 

was used in this study. The model shows very satisfactory results compared to the 

measured data. The forecasting and warning messages were disseminated to 

community by web site, www.rangsit.rsu.ac.th/grad/NDRC.  
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Furthermore, Nalinee Jumnonkpol and Seree Supharatid (B.E.2545) had 

studied time series for water level to give flood warning for Yom Watershed, Prae 

province by adapting the use of Back Propagation (Neuro-genetic Optimizer). 

Employed data contained during the year   1995 to 2001. Findings indicated that 

outcomes of the study were satisfied for short period forecast. As a matter of fact,   

value of AAE for 1 day advance forecast was equaled to 0.14097 meter, 2 days 

forecast valued 0.24006 and 3 days valued 0.31184. The correlation coefficient was 

equaled to 0.938, 0.812 and 0.686, respectively.  

 

According to Nutthachat Kumsiritrakul (B.E.2546) had done the study a 

prediction of construction cost indexes using neural network models with the 

objectives to construct the model for forecasting changes of price index for 

construction materials to derive at price index that could estimate construction price 

more accurately.  The study was done to forecast of price index in the construction 

materials for 1 month and 1 year in advance. Outcomes comparison from forecasting 

data set were being used for checking accuracy between  Neuro-genetic  model and 

statistical forecasting through Simple Mean , Flat Exponential and Single Regression 

Analysis. It was concluded that Neuro-genetic mode could forecast more accurate. 

  

Those researches mentioned earlier have indicated problems in  land use 

change in the upper catchments area where sediment discharge is accumulated in the 

lower area as shown in Figure  2-18  and most model used in Thailand for evaluate 

sediment value are mostly linear models which rather difficult to predict sediment 

value clearly because many activities are in Dynamic state. Therefore, the researcher 

had seen the possibility of using Neuro-genetic Optimizer as the tool to evaluate 

sediment occurrence because it is non-linear model as well as being the hybrid model 

to Neural Network with Genetic Algorithms that required Genetic Algorithms in the 

design of network to speed up work for more improvement. Lam Phra Phloeng river 

basin had been selected because of increasing area changes from activities around the 

forest and upper catchments are. Factors selected for guidelines in good watershed 

management in this study were land use, runoff and rainfall volume and watershed 

topography.       
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CHAPTER III 

METHODOLOGY 

 

 

This chapter describes the profile of the methodological framework of the 

study area and including the types of the data used and research methodology. 

Illustrations on several other data analysis methods are given in the respective context 

of the different chapters in the text.  

 

3.1 Equipment and material 

1. Microcomputer Pentium (M) 1.60 GHz, RAM 512 MB 

2. Global Positioning System (GPS) 

3. Neuro-genetic Optimizer Demo Version 2.6 Program 

4. Software hardware for Remote Sensing data GIS technique in the 

study  

5. Remote sensing data: Landsat-5 TM acquired on 2002 and 2005 

6. Hydrological data of Lam Phra Phloeng Reservoir consisted of  

data on rainfall and runoff and sediment  

7. Data on physical characteristic of watershed, which consisted of 

catchment area, soil characteristics, slope length, and slope 

gradient  
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Figure 3-1: Methodological Framework 
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3.2 Method 

 3.2.1 Collection and Analysis of Data 

Data collected were from related governmental agencies, which include land 

use, rainfall and runoff volume in the study area and the surrounding. The data were 

then input into the models for analysis.   

 

Table 3-1: Type of Data in the Case study  

Type Details Source 

Map Topology Map 1:50,000 

Soil Map 1:50,000 

Land Use Map 1:50,000 

Royal Forest Department and  

Land Development Department 

(LDD) 

Satellite Image Remote Sensing data: 

LANDSAT-5 TM  

(2002 and 2005) 

Geo-Informatics and Space 

Technology Development Agency 

(GISTDA) 

Rainfall and Runoff 

(1993 - 2005) 

Royal Irrigation Department (RID) 

and Meteorology Department 

(MD) 

Hydrological Data 

Suspended Sediment and 

Sediment Load 

(2001 - 2005) 

Royal Irrigation Department (RID)

 

Data Analysis  

- Rainfall and Runoff Data 

The rainfall data were collected from Thai Meteorology Department of which 

the data came from ten monitoring stations surrounding the Lam Phra Phloeng 

Reservoir. The data were monthly rainfall volume measured from 1993-2005. 

The runoff data were collected from Royal Irrigation Department, and 

calculated to be monthly runoff data, which can then be compared to the rainfall data 

to find the association in land use change. The data were from 1993-2005. 

 



Thanyalak Iamnarongrit                                                                                                  Methodology / 74

Table 3-2: Rainfall - Runoff Monitoring Stations at Lam Phra Phloeng Reservoir  

Zone 47 P 

Type of Data Station UTM East  

(X) 

UTM North 

(Y) 

Huai Krok De  0779202 1601284 
Ban Wang Ta-Khian Thong 

(M. 145) 0789962 1603623 

Khlong Pla Kang (M. 146) 0795540 1588187 

Rainfall Station 

Ban Tha Nam Sab  

(M. 147) 0788936 1599182 

Ban Wang Ta-Khian Thong 

(M. 145) 0789962 1603623 
Runoff Station 

Lam Phra Phloeng  

(M. 171) 0798578 1604833 

Lam Phra Phloeng  

(M. 171) 0798578 1604833 
Sediment Station 

Lam Phra Phloeng 

(M. 180) 0811340 1619387 

Source: Hydrological Center and North Eastern Regional Water Management (B.E. 2548) 

 

After selecting the monitoring stations to obtain the rainfall and runoff data, 

the data were verified for accuracy and reliability prior to their use, since the statistic 

that had been kept for over 10 years may not be accurate. The derived rainfall and 

runoff statistical value may not be consistent due to human-made variations such as, 

changing person who collected statistic, moving monitoring equipment or having 

obstructed objects.   
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Validation method for reliability of rainfall and runoff data utilizes the Double 

Mass Curve method. This method plots the average value from all the sample stations 

with the point value of each station. The correlation of each value with the average 

values will indicate the reliability of the data from that monitoring station. This 

method will validate the data group. Even though data from one station may be 

miscalculated, it will not affect the mean of group in the same area (Prasong Jitsaree, 

B.E. 2529). 

 

Consequently, developing Double Mass Curve must consider these crucial factors: 

1. Data from stations that would like to be validated should be located close 

to each other. 

2. The number of stations should be high enough, and tests frequently in 

every station. 

3. The duration of data collection should be similar in every station. 

 

 The double mass curve will be operated by taking the average of accumulative 

rainfall data from the rainfall station that need to be plotted with the data of the nearly 

rainfall stations.  If the tested data are correct, the different points will be on the same 

line. But if there is a mistake in any year, the points will be out of line or deviate 

obviously. To correct the error, the plotter has to adjust the deviated line to the origin 

(Keerati Leewatchanakul, B.E. 2543)  
 

 

3.2.2 Association of Data through Correlation Coefficient (R) 

 In order to find the variable that affect sediment volume, the correlation 

coefficient can be obtained from the equation below. In general, the R value for 

Hydrology study should exceed 0.60 in order to accept the association (Viraphol 

Taesombat, B.E.2531) 

 

   R    =  ( )( )
))()()(( 2222 ∑ ∑∑ ∑

∑ ∑∑
−−

−

yyNxxN

yxxyN
          …………3.1 
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 This study will find the association between each variable that affect the 

sedimentation. The variables were rainfall volume, runoff volume, and sediment 

volume. Most of the data were obtained from Royal Irrigation Department.    

 

3.2.3 Land Use Data Analysis 

In determining the land use change, satellite images from LANDSAT-5 that 

recorded the pictures of Lam Phra Phloeng river basin in 2002 and 2005 from Geo-

Informatics and Space Technology Development Agency (GISTDA) were studied. 

Interpretation of satellite images were carried out with the Program ERDAS 

IMAGINE 8.6 through supervised classification as illustrated in Figure 3-3. The land 

use was classified into 7 types, which are dry evergreen forest, dry dipterocarp forest, 

water bodies, mixed upland crop, sugarcane, and orchard and open land. Furthermore, 

land use between 2002 and 2005 was compared in order to make the map showing 

land use changes in each year along with creating the database for GIS through 

overlay analysis and matrix.  

 

Furthermore, there have been the comparisons in the land use during 2002 and 

2005 to make the map to sow land use in each year, including the database for GIS 

through overlay analysis and matrix to find changes in each time span.  
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Figure 3-2: Digital Images Processing of Land Use in Lam Phra Phloeng River Basin 
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3.2.4 The Estimating of Soil Loss with the Universal Soil Loss Equation  

In the analysis of soil loss based on USLE equation of soil loss through the 

adapted program to find the status in each area or soil loss level in order to assist the 

decision-making process for land use management as well as setting up proper 

measures for soil and water conservation, the soil loss data was derived from analysis 

of rainfall volume and rainfall distribution, topography map, land map, map for land 

use and map for current land and water conservation. The application of GIS and 

calculation for soil loss value were done with USLE equation as follows (Chavalert 

Nuankokesoong, B.E.2548). 

 

3.2.4.1 Rainfall Erosivity Factor (R) 

Rainfall volume and rainfall distribution would affect the degree of soil 

erosivity and different rate of sediment flow. In each monitoring station, the average 

rainfall volume was calculated. It should be noted that a precipitation incident was 

included if the precipitation occurred separate from the previous precipitation by at 

least half an hour apart, and the rainfall volume must be more than 12.5 centimeters 

(13 millimeters). The rainfall intensity was then substituted in equation 3.1 prior to 

apply the data into GIS to construct isohyetal map to find R-factor (Wishmeier and 

Smith, 1978). 

EI 30  =   ∑
=

n

i
IRaKe

1
3030 100/**                       .......…….3.2 

Ke  =   210.3 + 89 log 10 (Icm)            …………3.3 

 I30  =   Ra 30/t30                 …………3.4 

 

where; EI 30 = Index of rainfall erodibility in each rainfall (metric-ton/ha 

   *centimeter/hour) 

 Ke = Rainfall power per each rainfall unit (metric-ton/hectare-centimeter) 

 I30 = Highest concentration during 30 minutes of each rainfall  

      (centimeter/hour)    

 Ra 30  = within 30 minutes with the most concentration of each rainfall     

          (Centimeter) 

 t30 = Within30 minutes with the most concentration of each rainfall 
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3.2.4.2 Soil Erodibility Factor (K) 

Soil map is the map showing soil distribution. Five characteristics in soil that 

affect its stability against soil erosion are the percentage of silt mixed with very fine 

sand, sand, organic matter, soil structure, and permeability (Nipon Tangtham, 

B.E.2545). The present study input these soil characteristics to calculate for soil 

erodibility factor (K) using the nomograph or substitute the value into equation 3.5. 

The derived K value was then used in the map construction to display factors 

affecting soil’s stability against soil erodibility. The derived K value was calculated to 

obtain monthly data. 

             

          100K = 2.1M1.14 (10-4) (12a) + 3.25 (b-2) + 2.5 (c-3)        …………..3.5 

 

where; M  =  particle size parameter (% silt + % very fine sand)*(100-%clay) 

             a     =   % of organic matter 

          b    =   soil structure class (1 for very fine granular; 2 for fine granular;  

  3 for medium to coarse granular; and 4 for blocky, platy or massive) 

             c    = soil permeability class (1 for rapid; 2 for moderate to rapid;  

3 for moderate; 4 for sloe to moderate; 5 for slow; and 6 for very slow) 

 

3.2.4.3 The Topographic Factor (LS) 

Topography map from GIS of Nakhon Ratchasima province with the slope 

line showing height above the average sea level was used to create the Digital 

Elevation Model (DEM). The model was created through the Program Arcview 3.3, 

which will calculate slope gradient and slope length by substituting the slope length in 

the Equation 3.6 to build map of data layer in length and slope. As for the slope 

gradient, it can be found through percentage of calculated value and substitute in the 

Equation 3.7 to derive LS-factor as follows: 

         

L   = (λ/22.3) m                                 …………..3.6 

S   = (0.43+0.30s+0.043s2) / 6.613            ..…………3.7 
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 where;  λ  =  Slope Length (meter) 

          s     =   Slope Gradient        

    m = Power valued 0.5 when the slope ≥  5 % 

            0.4 when the slope 3.5 – 4.5 % 

            0.3 when the slope 1.3 % 

            0.2 when the slope 1 % 

 

3.2.4.4 Crop and Management (C) and Conservation Practice Factor (P) 

The study of crop and management factor through data from land use has been 

applied in the classification of land use in the survey of the study area. Furthermore, 

land validation was done through field survey and modified data to be more accurate 

before comparing type of land use with value of C-factor at Land Development 

Department and developing map of data layer for crop management.  

 

Conservation Practice Factor, normally developing data layer by using map in 

the land use for 2002 and 2005 by comparing value of P-factor in crop growing from 

the table of Land Development Department. But in this study Conservation Practice 

Factor in the area would assign the area without soil and water conservation which 

had specified P-factor as equal as 1 to learn the actual land loss. 

 

All 5 factors have been input and modified in the map before applying the 

Overlay Technique under the USLE as shown in Figure 3-4. Data analysis of soil was 

considered with acceptance of rate for soil loss which may be divided into 5 classes. 

Each layer should tell the rate of soil loss as being illustrated in Table 3-3. In the area 

with soil loss more than acceptance, there must be measure setting and arranging soil 

and water conservation to reduce soil loss or land use change.  
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Figure 3-3: Schematic of Soil Erosion Hazard Model in Lam Phra Phloeng River Basin 

 
Table 3-3: Soil Loss Rating and Classes in Lam Phra Phloeng River Basin 

Soil loss class Hazard Severity 
Soil loss rating 

(ton/ha/year) 

Soil loss rating 

(ton/rai/year) 

1 

2 

3 

4 

5 

Very Slightly 

Slightly 

Moderate 

Severe 

Very Severe 

< 6.25 

6.25-31.25 

31.25-125 

125-625 

> 625 

< 2 

2-5 

5-20 

20-100 

> 100 

Source: Land Development Department (B.E.2543) 
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3.2.5 Development Structure Model by Neuro-genetic Optimizer 

 

In this study Neuro-genetic Optimizer was being used in sediment estimation 

at Lam Phra Phloeng reservoir, aiming for structure and weight for being suitable 

representative as explained in details as follows:  

 

3.2.5.1 Selecting Variables for Model Input 

 

Selecting group of data is the most important step in the forecast. Numbers of 

nodes of data group depended on lagged data for the search. Variables for finding 

lagged data are consisted of rainfall data, runoff data and sediment data. Correlation 

Coefficient is founded through the application of Auto-correlations and Cross- 

correlation by considering value dated back to the day with the highest association. As 

for sediment value, it would be found by Auto-correlations by considering variable 

with the most reliability. 

 

  3.2.5.2 Input Data Classification 

 Input data has been classified to apply with model development through the 

use of calibration data which should cover many events such as from the minimum to 

the maximum input data so that the model could be widely learned and memorized. 

This is also confirmed that developed model may be applied with all situations in the 

past by using data since 2001 to 2004.  

  

 As for results validation, it should be updated data with the latest record of 

data in 2005 to accept that the model that had passed the calibration could be used 

with present situation.  
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3.2.6 Steps for Developing Model 

 The following steps for developing model in sediment estimation in Lam 

Phra Phloeng river basin with the application of Neuro-genetic Optimizer may be 

concluded as follows:  

1. Identify data by dividing into the following 2 sets: 

 1.1 Input Layer comprised the following data:  

- Rainfall  

- Runoff  

- Runoff lagged time 1 month 

- Sediment lagged time 3 months 

1.2 Output Layer comprised of the following data: 

-  Sediment data 

 

2. Specifying Neuron in the structure of ANNs  contained 3 levels as follows:   

- Input Layer has 4 Neurons 

- Hidden Layer  used  GAs  to specify Neurons 

- Output Layer has 1 Neuron   

 

3. Input Data Classification 

There are 38 data sets of input and 1 output. Training and Testing Programs by 

dividing data for network instruction into and 19 data sets for training and 19 data sets 

for testing.    

 

4. Neural Parameters 

This study had chosen ANNs in supervised learning through Back-

propagation (BP) as optimizing with the application of Genetic Algorithms (GAs) to 

find suitable network. Sigmoid function was employed as transfer function with 

scaling function converting input in the span of 0-1 with data reversal.   
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5. Genetic Parameters 

 In this study, Population size was assigned value as equal as 250 (the most 

value = 300 and the least =1. As for population initialization, Lock all inputs active, 

optimizer network structure had been used all inputs and search just neural 

architecture (Network type and structure).    

 

 Identifying selection value with the application of 0.5% and selecting GAs. 

The structure of this method would give better value of fitness than finding average of 

refill through cloning. This way data would be discovered quickly with less use of 

population, but better operational results. Specifying mating by applying GAs through 

tail swap, then GAs would be used in cut point and end parent. In identifying 

mutation, random exchange rate 0.25 and section reversal rates 0.25 

 

6. Training Parameters 

Learning Rate (LR) and Momentum (M) are supporting factors to lead the 

system to achieve goal. In the experiment,  finding initial weight with proper value 

between -3 or 3 and finding learning rate and  momentum by assigning value between  

0-1 and use 6,250 rounds in developing network.  
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3.2.7 Steps of Neuro-genetic Optimizer 

There are 10 steps of Neuro-genetic Optimizer, which are shown in Figure 3-4 

as follows: 

 

Step 1: Initial Population 

 The sample population consists of 4 input layers, which are rainfall data, 

runoff data, runoff data lagged 1 month, and sediment data lagged 3 months. The first 

step is started from building new population consisted of chromosomes with double 

base derived from random sampling with equal size of specify chromosomes by 

having total chromosomes as population size.  The initial weight was in the span of 

+/-3.  

 

Step 2: Decode 

 This step is involved with decoding heredity from chromosomes derived from 

population in the 1st step by transforming double base into ten bases for hidden neuron 

in the hidden layer of ANNs.  

 

Step 3: Trained Back-propagation Neural Network 

In this step, network for learning would be derived from the past data by 

assigning numbers of hidden neuron as equal as the value from decoding. Before data 

could be applied in learning, data must be made into normal design. Afterwards, data 

must be divided into 2 set, one in training (19 set), and another in testing (19 set). 

Learning process is the Back-propagation (BP), which use data pass total 50 times. 

The structure of neural training mode was the optimizing form. Sigmoid function was 

employed as transfer function with scaling function converting input in the span of   

0-1 as well as reversing data. Learning process with variance that could be reversed 

back to adjust weight so that variance may be reduced. As for numbers of Epoch, one 

may notice the stability of error or reduction in smaller proportion. Learning rate and 

momentum are 0-1. 
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Step 4: Fitness Evaluation 

 In this step, calculation was done to find variance of network which 

considered proper fitness value of heredity by using RMSE. 

 

Step 5: Stop Criteria 

 This is the step to check when the design stops working by setting up 

conditions for numbers of result compilation. If answers in each round are still stable, 

it should stop working. If the stop conditions are real, operation may stop at step 10. 

On the contrary, for unreal stop conditions, proceed further with step 6.      

 

Step 6: Selection 

 In this step, two chromosomes with the minimum fitness values were selected 

from population to be the breeders. Identifying selection value with the application of 

Percent 0.5. This method will be select data with GAs and search structure to best 

fitness. 

 

Step 7: Crossover 

 This is the step for crossing species by exchanging genes among selected 

breeders in Step 6 for offspring. Specifying mating by applying GAs through tail 

swap, then GAs would be used in cut point and end parent. 

 

Step 8: Mutation 

After deriving at offspring with 2 chromosomes after crossover, mutation 

would be done by randomly selected position of gene with the possibility of mutation. 

Then, after randomly selected position, value of gene would have opposite value. In 

identifying mutation, random exchange rate 0.25 and section reversal rates 0.25. 
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Step 9: Replacement 

The offspring with fitness value would take place of the optimum 

chromosome in order to derive at new group of population before going back to 2nd 

step. The structure of this method would give better value of fitness than finding 

average of refill through cloning.   

 

Step 10: Stop 

 After the stop conditions had been verified, the operation of model would stop 

with only the best network design had been collected for being used for measuring 

effectiveness of network.  

 

 3.2.8 Results Comparison  

1. Comparing forecast variances from Neuro-genetic Optimizer and 

Regression model 

2. Comparing sediment volume from statistical data of sediment load in the 

reservoir in actual measurement with forecast data of both models 
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Figure 3-4: Flowchart of Neuro-genetic Optimizer 
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CHAPTER IV 

RESULTS AND DISCUSSION 

 

 

4.1 Rainfall and Runoff Analysis 

 

Hydrological data analysis requires extended rainfall data duration. Often, the 

measurement and collection process may be inconsistent (Keerati Leewatchanakul, 

B.E.2543). The common data validation method to validate rainfall and runoff data is 

the double mass curve. This method compares the cumulative annual rainfall volume 

and runoff volume at the monitoring stations of interest with average cumulative data 

from nearby stations. In order to validate the data, the present study used annual 

cumulative rainfall data from 4 monitoring stations, belonging to Royal Irrigation 

Department: Station M.33, Station M.145, Station M.146, and Station M.147. The 

double mass curves are shown in Figure 4-1 to Figure 4-4. 
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Figure 4-1:  Double Mass Analysis of Station M.33 
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Figure 4-2: Double Mass Analysis at Station M.145 

Double Mass Curve 

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

18,000

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000

Average Accumulative Rainfall 4 Station (mm) 

A
cc

um
ul

at
iv

e 
R

ai
nf

al
l M

.1
46

 (m
m

)

2005
2004

2003

2000
1999

1997

1995
1994

19921993

1996

1998

2001

 
Figure 4-3: Double Mass Analysis at Station M.146 
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Figure 4-4: Double Mass Analysis at Station M.147 

  

Figure 4-1 to Figure 4-4 showed validation of average cumulative annual 

rainfall volume data in each monitoring stations and average cumulative annual 

rainfall volume data from 4 monitoring stations at Lam Phra Phloeng river basin. The 

results found that the slope of cumulative rainfall curve changed slightly in station 

M.146 and M.147. Data was modified in rainfall volume of stations M.145 and M.147 

(as shown in Figure 4-5 to Figure 4-6), and changes to the rainfall data of all stations 

was carried out to make the data agreed with the rainfall volume in the nearby 

stations. Nevertheless, the double mass curve was merely a preliminary data 

validation.  
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Figure 4-5: Modified Double Mass Analysis at Station M.146  
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Figure 4-6: Modified Double Mass Analysis at Station M.147  
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4.2 Data Association through Correlation Coefficient: R 

 

Correlation is the association between 2 variables through the application of 

correlation coefficient to determine the level of association and direction. In 

hydrology, the R value should exceed 0.60 in order to accept the association between 

y and x (Viraphol Taesombat, B.E.2531). The data used to find the association 

consisted of rainfall volume, runoff volume, and sediment volume. Most data were 

derived from the average of annual value, which were taken from 1993 to 2005. The 

correlation coefficients are shown in Table 4-1 and Figure 4-7 to Figure 4-11. 

 

Table 4-1: Data Association through Correlation Coefficient: R 
  

Data Comparison 
Correlation Coefficient 

(R) 
R2 

Runoff Station  M.171 with Rainfall Station 

Huai Krok De 
0.60 0.63 

Runoff Station  M.171 and  Rainfall Station 

M.145 
0.74 0.79 

Runoff Station M.171 and Rainfall Station 

M.147  
0.45 0.20 

Runoff Station M.171 and Sediment Station 

M.171 
0.99 0.97 

Rainfall Station M.145 and Sediment Station 

M.171 
0.93 0.81 

Remarks: The correlation coefficients, R, were calculated by plotting the average 

annual runoff value from 1993 to 2005. 
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Runoff Station M.171 vs Rainfall Huai Krok De
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Figure 4-7: Association of Runoff Station M.171 and Rainfall Station, Huai Krok De 

Runoff Station M.171 vs Rainfall Station M.145 
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Figure 4-8: Association between Runoff Station M.171 and Rainfall Station M.145 
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Runoff Station M.171 vs Rainfall Station M.147
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Figure 4-9 Association between Runoff Station M.171 and Rainfall Station M.147 
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Figure 4-10: Association between Runoff Station M.171 and Sediment Station M.171 
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Rainfall Station M.145 vs Sediment Station M.171
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Figure 4-11: Association between Rainfall Station M.145 and Sediment Station M.171 

 

Correlation function was determined to find the association between the 

variables and the output. In this study, the runoff and sediment data were analyzed 

together to find association, which was a cross-correlation analysis of variables. The 

sediment data and lagged sediment data were analyzed using the auto-correlation 

approach. Both the cross-correlation analysis and auto-correlation analysis were done 

with Pearson correlations. The outcomes of the analysis were the runoff data and 

sediment data for 1 month and 3 months lagged time, respectively, as shown in Table 

4-2 and Table 4-3. 
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Table 4-2: Cross-correlation between Runoff Data and Sediment Data  

Months Lagged Data Correlation 

April July 0.867 

May February 0.821 

June July 0.956 

July June 0.956 

August July 0.917 

September January 0.906 

October November 0.986 

November October 0.986 

December January 0.984 

January December 0.984* 

February October 0.951 

March July 0.947 

 

Remark: Symbol * is defined as distance between months from finding function of 

association with highest Correlation Coefficient  
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Table 4-3: Auto-correlation of Sediment data 

Months Lagged Data Correlation 

April March 0.918 

May February 0.885 

June July 0.152 

July April 0.448 

August September 0.720 

September May 0.785 

October May 0.877 

November February 0.935 

December January 0.930 

January December 0.930 

February November 0.935* 

March April 0.918 

 

Remark: Symbol * is defined as distance between months from finding function of 

association with highest Correlation Coefficient for model. 
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4.3 Data Analysis for Land Use 

 4.3.1 Classification of Land Use from Satellite Image 

The land use change analysis was carried out by interpreting the satellite 

images from LANDSAT-5 TM. The images were mixed color image, which was 

taken on February 18th, 2002 and February 18th, 2005 above Lam Phra Phloeng 

Reservoir. Supervised classification approach was employed with the 3rd wave span in 

blue, 4th wave span in red, and 5th wave span in green. Land use types were then 

classified into 7 types, which consisted of dry evergreen forest, dry dipterocarp forest, 

water bodies, mixed upland crop, orchard, sugarcane, and open land. The results are 

shown in Table 4-4.   
 

Table 4-4: Land Use Type in the Area above Lam Phra Phloeng Reservoir 

Land Use Type  Satellite Image Features Features appear 

Mixed 

Upland 

Crop 

 Color       : Greenish blue 

Tone         : Dark 

Texture    : Medium 

Shape      : mostly square areas 

with perpendicular angle   

Sugarcane  Color       : Greenish blue 

Tone            : Light 

Texture    : Medium (frequently) 

Shape           : Mostly square areas 

with perpendicular angle   

1. Agricultural 

area 

 

 

Orchard  Color  : Reddish pink 

Tone    : Light alternate with dark 

Texture  :  Medium 

Shape:   Uncertainty and 

combining into the group along 

the upper catchments, especially 

near the natural surface water, 

rivers  
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Table 4-4: Land Use Type in the Area above Lam Phra Phloeng Reservoir (continued) 

Land Use Type  Satellite Image Features Features appear 

Dry 

Evergreen 

Forest 

 

 

Color       : Red 

Tone            : Dark 

Texture    : Fine/consistence 

Shape           : mostly square areas 

with perpendicular angle   

2.Forest area 

 

Dry 

Dipterocarp 

Forest 

 

 

Color        : Brown 

Tone         : Light 

Texture : Medium/inconsistence 

Shape            : Uncertain 

 

3.Miscellaneous 

area 

 

Open Land   Color         : White 

Tone          : - 

Texture: Medium/ inconsistence  

Shape            : Uncertain 

4. Water area Water 

Bodies 

 

 

Color      : Blue – Dark Blue 

Tone       : Dark 

Texture   : Fine 

Shape         :  crooked route for 

natural upper catchments as 

channel in the oval shape or 

square for man-made upper 

catchments  

Remarks : Mixed image from LANDSAT-5 TM, given 4th wave span  as red ,  5th wave span as 

green and 3rd wave span as blue (RGB: 453) 
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4.3.2 Results of land use change 

Land use changes in the area above Lam Phra Phloeng river basin were 

interpreted by LANDSAT-5 TM images taken in 2002 and 2005. The interpretation of 

the images were analyzed through overlay and stored in the database of GIS. The 

results are as follow:   

 
Agricultural Area: The agriculture area, which consisted of mixed upland 

crop, sugarcane and orchard, had the land use changes. In 2002, mixed field area 

reduced from 239,773 rais (47.41%) to 209,872 rais (41.50%) in 2005, while the area 

for sugarcane increased from 2,837 rais (0.56%) in 2002 to 3,646 rais (0.72%) in 2005. 

The orchard area increased with area from 2,051 rais (0.41%) in 2002 to 2,384 rais 

(0.47%) in 2005. 

 

Forest Area: The forest areas, which were dry evergreen forest and dry 

dipterocarp forest, had the land use changes. In 2002, the dry evergreen forest area 

was reduced from 30,374 rais (6.01%) to 25,195 rais (4.98%) in 2005. The dry 

dipterocarop forest reduced from 225,772 rais (44.64%) in 2002 to 180,731 rais 

(35.74%) in 2005. 

 

Miscellaneous Area: The area had been classified as open land in 2002 with 

increasing areas from 1,842 rais (0.36 %) to 80,669 rais (15.95 %) in 2005 and water 

bodies in 2,002 had increased from 3,060 rais (0.61%) in 2002 to 3,212 rais (0.64%). 

Details of the study are shown in Table 4-5, Figure 4-12 and Figure 4-13. 
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Table 4-5: Area of Land Use in Lam Phra Phloeng between 2002 and 2005  

  Land Use Type 
Area (rai) 

2002 
Percentage

Area (rai) 

2005 
Percentage 

1. Agricultural Area 244,661 48.38 215,902 42.69

       - Mixed Upland Crop 239,773 47.41 209,872 41.50

       - Sugarcane 2,837 0.56 3,646 0.72

       - Orchard 2,051 0.41 2,384 0.47

2. Forest Area 256,146 50.65 205,926 40.72

        - Dry Evergreen Forest 30,374 6.01 25,195 4.98

        -Dry Dipterocarp Forest 225,772 44.64 180,731 35.74

3. Miscellaneous Area 1,842 0.36 80,669 15.95

        - Open Land 1,842 0.36 80,669 15.95

4. Water Area 3,060 0.61 3,212 0.64

        - Water Bodies 3,060 0.61 3,212 0.64

Total 505,709 100.00 505,709 100.00
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Figure 4-12: Land Use Map of Lam Phra Phloeng River Basin in 2002 
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Figure 4-13: Land Use Map of Lam Phra Phloeng River Basin in 2005 
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Furthermore, comparing land use changes of area above Lam Phra Phloeng 

Reservoir in 2002 and 2005 indicated the following results:  

Dry Dipterocarp Forest during 2002 and 2005 had reduced the most area in 

45,041 rais or 8.91 % of the total changed area, next reduction in mixed upland crop 

and dry evergreen forest at 5.91% and 1.02% of the total changed area, respectively. 

As for the open land, the area increased to 78,827 rais or15.59 % of the total changed 

area. Sugarcane, Orchard and Water Bodies had their areas change to 0.16%, 0.07% 

and 0.03% the total changed area, respectively, as shown in Table 4-6. 

 

Table 4-6: The Change of Land Use in Lam Phra Phloeng Reservoir between 2002 

and 2005 
  

Land Use Type  
Area (rai) 

2002 

Area (rai) 

2005 

Changing 

(rai) 

% of 

Changing  

1. Agricultural Area 244,661 215,902 -28,759 5.69

       - Mixed upland crop Crops 239,773 209,872 -29,901 5.91

       - Sugarcane 2,837 3,646 809 0.16

        Orchard 2,051 2,384 333 0.07

2. Forest Area 256,146 205,926 -50,220 9.93

        - Dry Evergreen Forest 30,374 25,195 -5,179 1.02

        - Dry Dipterocarp Forest 225,772 180,731 -45,041 8.91

3. Miscellaneous Area 1,842 80,669 78,827 15.59

        - Open Land 1,842 80,669 78,827 15.59

4. Water Area 3,060 3,212 152 0.03

        - Water Bodies 3,060 3,212 152 0.03

Total 505,709 505,709 0.00 0.00

Remark:  +  Increasing area 

- Decreasing area 
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Figure 4-14:  Comparison of Land Use in the Area above Lam Phra Phloeng Reservior 

in 2002 and 2005 

  

The possibility of testing land use change from one type to another was found 

through the application of Probability Transition Matrix and Row and Column to find 

change in each time span. The result indicated as follows: 

 

Mixed Upland Crop: In the year 2002, the total areas estimated 239,773 rais 

with the area were converted to the open land, dry dipterocarp forest, sugarcane, 

orchard, and water bodies about 67,584 rais, 27,057 rais, 2,339 rais, 1,342rais and 380 

rais in 2005, respectively.  

 

Sugarcane: In the year 2002, the total areas estimated 2,837 rais with the area 

were changed to mixed upland crop, open land, dry dipterocarp forest, orchard, and 

water bodies about 1,123 rais, 835 rais, 607 rais, 16 rais and 10 rais in 2005, 

respectively.  

 

 



Fac. of Grad. Studies, Mahidol Univ.         M.Sc. (Approach. Tech. for Natural res. and Env. Dev.) / 107 

Orchard: In the year 2002, the total areas estimated 2,051 rais with the area 

were changed to the mixed upland crop, dry dipterocarp forest, sugarcane, open land, 

water bodies and dry evergreen forest about 897 rais, 537 rais, 134 rais, 80 rais, 70 rais 

and 2 rais in 2005, respectively.  

 

Dry Evergreen Forest: In the year 2002, the total areas estimated 30,364 rais 

with the area were changed to dry dipterocarp forest, orchard, and mixed upland crop 

about 8,655 rais, 18 rais, and 2 rais in 2005, respectively.  

 

Dry Dipterocarp Forest: In the year 2002, the total areas estimated 225,772 

rais with the were converted to the open land, dry evergreen forest, orchard, 

sugarcane, and water bodies about 65,408 rais, 11,671 rais, 3,494 rais, 664 rais and 584 

rais and 303 rais in 2,005, respectively.  

 

Open Land: In the year 2002, the total areas estimated 1,842 rais with the area 

were converted to the mixed upland crop, sugarcane, Dry dipterocarp forest, and 

orchard, about 928 rais, 319 rais, 98 rais, and 2 rais in 2005, respectively.  

 

Water Bodies: In the year 2002, the total areas estimated 3,060 rais with the 

area were changed to the mixed upland crop, dry dipterocarp forest, sugarcane, 

orchard, and water bodies about 443 rais, 129 rais, 24 rais, 11rais and 4 rais in 2005, 

respectively as shown in Table 4-7.  
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4.4 Soil loss Analysis through the use of USLE  

 

Soil erosion was estimated by USLE (Wischimeier and Smith, 1978) and was 

used together with GIS as the tool for calculating soil loss. Data layers were consisted 

of Rainfall Erosivity Index, Topography, Soil Erodibility, Crop and Land use, 

Conservation Practice.  These five data had been applied with Spatial Data Analysis 

through Overlay and Non-Spatial Data in the calculation for soil loss (A), ton / 

hectare / year before dividing with 6.25 to yield unit as ton/rais/year. Result of the 

study suggested the area to show soil loss class in the area above Lam Phra Phloeng 

Reservoir. These data were classified into 5 hazard severity (Land Development 

Department, B.E.2543) as shown in Table 4-8.  

 

Table 4-8: Intensity of Soil Loss in the Area above Lam Phra Phloeng Reservoir  

Classes Hazard Severity 
Soil loss Class 

(ton/hectare/year) 

Soil loss Class 

(ton/rai/year) 

1 

2 

3 

4 

5 

Very Slightly 

Slightly 

Moderate 

Severe 

Very Severe 

 < 6.25 

6.25-31.25 

31.25-125 

125-625 

> 625 

< 2 

2-5 

5-20 

20-100 

> 100 

Source: Land Development Department (B.E.2543) 
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4.4.1 Results Evaluation of Soil loss and Sediment from Soil Erosion 

The results from making map for soil loss and sediment from soil erosion at 

the area above Lam Phra Phloeng Reservoir based on each identified and calculated 

hazard severity in 2002 and 2005 indicated as follows: 

 

Very Slightly (Soil loss less than 2 tons /rai/year):  

In 2002, the soil loss area that can be classified into this category was 

approximately 313,226 rais or 60.95% of the entire area. The average soil loss was 

approximately 0.74 tons/rai/year. The sediment volume from total soil erosion was 

estimated to be 23,227 tons/year. 

In 2005, the soil loss area reduced to 282,605 rais or 55.15% of the entire area. 

The average soil loss increased to 0.98 tons/rai/year, while the sediment volume from 

total soil erosion increased to 27,777 tons/year. 

 

Slightly (Soil loss less between 2-5 tons /rai/year):  

In 2002, the soil loss area that can be classified into this category was 39,665 

rais or 7.51% of the entire area. The average soil loss was approximately 3.19 

tons/rai/year. The sediment volume from total soil erosion was estimated to be 12,328 

tons/year. 

In 2005, the soil loss area reduced to 86,361 rais or 16.85% of the entire area. 

The average soil loss increased to 8.20 tons/rai/year, while the sediment volume from 

total soil erosion increased to 70,803 tons/year. 

 

Moderate (Soil loss less between 5-20 tons /rai/year):  

In 2002, the soil loss area that can be classified into this category was 154,187 

rais or 30% of the entire area. The average soil loss was approximately 5.14 

tons/rai/year. The sediment volume from total soil erosion was estimated to be 79,252 

tons/year. 
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In 2005, the soil loss area reduced to 134, 736 rais or 26.29% of the entire 

area. The average soil loss increased to 13.12 tons/rai/year, while the sediment 

volume from total soil erosion increased to 176,783 tons/year. 

 

Severe (Soil loss less between 20-100 tons /rai/year): 

In 2002, the soil loss area that can be classified into this category was 4,093 

rais or 80% of the entire area. The average soil loss was approximately 52.22 

tons/rai/year. The sediment volume from total soil erosion was estimated to be 21,371 

tons/year. 

In 2005, the soil loss area reduced to 4,516 rais or 0.88% of the entire area. 

The average soil loss increased to 75.67 tons/rai/year, while the sediment volume 

from total soil erosion increased to 34,174 tons/year. 

 

Very Severe (Soil loss less more than 100 tons /rai/year):  

In 2002, the soil loss area that can be classified into this category was 3,817 

rais or 74% of the entire area. The average soil loss was approximately 158.77 

tons/rai/year. The sediment volume from total soil erosion was estimated to be 60,594 

tons/year. 

In 2005, the soil loss area reduced to 4,219 or 0.82% of the entire area. The 

average soil loss increased to 172.04 tons/rai/year, while the sediment volume from 

total soil erosion increased to 72,576 tons/year. 

 

The results showed that in 2005, the rate of soil loss and sedimentation from 

soil erosion increased from 2002 almost in all severity levels. In total, soil loss in the 

area above Lam Phra Phloeng river basin was in the moderate level (soil loss between 

5-20 ton/rai/year) as shown in Table 4-9, Table 4-10, Figure 4-15, and Figure 4-16. 
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Table 4-9: Soil Erosion Classes above Upper Lam Phra Phloeng Reservoir on 2002 

Areas 
Soil loss Rating 

(ton/rai/year) 

Average  

Soil loss  

(ton/rai/year) Rai 
Percentage 

of Area 

Total Sediment 

from Soil Loss 

(tons/year) 

Very Slight (< 2) 0.74 313,226 60.95 23,227

Slight (2-5) 3.19 39,665 7.51 12,328

Moderate(5-20) 5.14 154,187 30.0 79,252

Severe (20-100) 52.22 4,093 0.80 21,371

Very Severe (> 100) 158.77 3,817 0.74 60,594

Total 514,988 100.00 196,771

 

Table 4-10: Soil Erosion Classes above Upper Lam Phra Phloeng Reservoir on 2005 

Land 
Soil loss Rating 

(ton/rai/year) 

Average  

Soil loss  

(ton/rai/year) Rai 
Percentage 

of Area 

Total Sediment 

from Soil Loss 

(tons/year) 

Very Slight (< 2) 0.98 282,605 55.15 27,777

Slight (2-5) 8.20 86,361 16.85 70,803

Moderate (5-20) 13.12 134,736 26.29 176,783

Severe  (20-100) 75.67 4,516 0.88 34,174

Very Severe (> 100) 172.04 4,219 0.82 72,576

Total 512,437 100.00 382,112

 

Obviously, outcomes from this study clearly indicated the soil loss rate on 

2005 had increased on 2002 from land use changes more in 2005. Most activities 

resulted from illegal trespassing of the upper catchments and open land for 

agricultural benefits such as, growing missed orchard which caused soils to 

deteriorate and huge damages to ecosystem. 
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Figure 4-15: Actual Soil Loss Map of Lam Phra Phloeng River Basin in 2002 
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Figure 4-16: Actual Soil Loss Map of Lam Phra Phloeng River Basin in 2005
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 4.5 Results compilation from the application of Neuro-genetic Optimizer 

 

In order to compile results from the application of Neuro-genetic Optimizer to 

find sediment volume in Lam Phra Phloeng Reservoir, compilation was being done 

with sensitivity analysis of variables, model modification, comparison and validation 

of forecast outcomes and transforming value of suspended sediment into sinking 

sediment. Input layer consisted of data in rainfall, runoff, runoff lagged 1 month and 

sediment lagged 3 months. As for output layer, sediment volume in the area above 

Lam Phra Phloeng Reservoir had been applied. Results of the study are being 

illustrated as follows:  

 

4.5.1 Sensitivity Analysis 

First of all, results must be compiled from Neuro-genetic Optimizer to find 

proper and best variable for solving problems.  Sensitivity Analysis was done for all 5 

variables such as, Weight, Learning rate, Momentum, Population and Generation as 

shown in Table 4-11. 

 

Table 4-11: Sensitivity Analysis and Different Variables of Neuro-genetic Optimizer 

Parameter Default Sensitivity 

Weight +/- 0.3 +/- 2 

Learning rate 0.4 to 0.1 0.4 to 0.1 

Momentum  0.3 to 0.1 0.2 to 0.1 

Population 30 250 

Generation 10 25 

 

4.5.1.1 Sensitivity to Weight 

 Analysis Sensitivity to Weight must consider span -5 to 5 by adding value 1 at 

a time before choosing Fitness with the least value in the span of -2 to 2 as shown in 

Figure 4-17. 



Thanyalak Iamnarongrit                                                                                  Results and Discussion / 116 

Sensitivity to Weight

0
0.5

1
1.5

2
2.5

3

0 1 2 3 4 5 6

Weight

Fi
tn

es
s

Fitness

 
Figure 4-17: Analysis Sensitivity of Weight 

 

4.5.1.2 Sensitivity to Momentum 

  Analysis Sensitivity to Momentum must consider span 0.19 to 0.9 by 

adding value 0.1 at a time before choosing Fitness with the least value in the span of   

0.2 as shown in Figure 4-18. 
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Figure 4-18: Analysis Sensitivity of Momentum 

 

4.5.1.3 Sensitivity to Learning rate 

  Analysis Sensitivity to Learning rate must consider span 0.1to 0.9 by 

adding value 0.1 at a time before choosing Fitness with the least value in the span of 

0.4 as shown in Figure  4-19. 
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Figure 4-19: Analysis Sensitivity of Learning Rate 

 

4.5.1.4 Sensitivity to Population 

  Analysis Sensitivity to Population must consider span 50 to 350 by 

adding value 50 at a time before choosing Fitness with the least value in the span, 

deriving at the value of 250 as shown in Figure 4-20. 
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Figure 4-20: Analysis Sensitivity of Population 

 

4.5.1.5 Sensitivity to Generation 

  Analysis Sensitivity to Generation must consider span 10 to 1000 by 

adding value 10 at a time before choosing Fitness with the least value, deriving at the 

value of 25 as shown in Figure 4-21. 
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Figure 4-21: Analysis Sensitivity of Generation 

 

4.5.2 Model Modification 

After applying the parameters from sensitivity analysis to the model, high error 

rate were still found. Further modification to the model was carried out to obtain the 

optimum parameters for model simulation with lowest error. After adjusting the 

parameters, the neural parameter in the neural training mode was selected as the 

optimizing mode with the neural type as back propagation. With modification, the new 

initial weight was found to be +/- 3, and the momentum was 0.1.  The learning rate 

was then equaled to 0.9 with RMSE = 0.58 and R2 = 1. These parameters were then 

used in the development of Neuro-genetic Optimizer model. The results are shown in 

Table 4-12. เ 

Table 4-12: Modified Value of Neuro-genetic Optimizer Model 

Parameter Default Sensitivity 
Model 

Modification 

Weight +/- 0.3 +/- 2 +/- 3 

Learning rate 0.4 to 0.1 0.4 to 0.1 0.9 to 0.1 

Momentum  0.3 to 0.1 0.2 to 0.1 0.1 to 0.1 

Population 30 250 250 

Generation 10 25 25 
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Figure 4-22: Display RMSE Error between Training Data and Testing Data 

 

Result of Model Modification had given the sediment value as close as actual 

measured sediment as shown in Table 4-13 

 

Table 4-13: Comparison of Actual Sediment with Forecast Sediment of Neuro-genetic 

Optimizer Derived from Model Modification 

Years 
Actual Sediment Value 

(tons/year) 

Neuro-genetic Optimizer 

(tons/year) 

2001 22,342 22,339.4 

2002 31,259 31,259.0 

2003 107,463 107,057.6 

2004 80,698 80,700.9 

Total 241,762 241,356.9 
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After modifying model to derive at variables with suitable values, finding 

results indicated that model miscalculation was still too high, perhaps resulting from 

one tier structure. Therefore, changing value to 2 hidden layers was done by selecting 

Neural Training Mode in Standard to indicate 2 hidden layers as illustrated in Figure 

4-23. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-23: Application of Neural Training Mode through Standard 

 

After deriving at actual forecast from the model as compared to the actual 

measurement, sediment value was highly miscalculated more than using Neural 

Training Mode in Optimizer that have one hidden layer as shown in Figure 4-24. 
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Figure 4-24:  Comparison between Actual Sediment Values through Standard  
 

Therefore, the application of Neural Training Mode in Optimizing should be 

used even though hidden layer could be identified only one class. But this method 

must included the application of   GA to find hidden layer and proper weight and able 

to choose Transfer Function as Logistic Sigmoid as shown in Figure 4-25. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4- 25: Application of Neural Training Mode through Optimizing  
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By using different neural training modes (standard and optimizing mode) and 

even though the two modes function with different hidden layers, the differences in 

forecast consistency that coincide with the actual measured sediment volume 

suggested that the hidden layer may not be involved with forecasting simulation of the 

model. Thus, the numbers of hidden neuron were varied to determine whether the 

model simulation results would be closer to the actual value or not. The numbers of 

hidden neuron were increased from 8 neurons to 16, 32, 64, 128, and 256 neurons, 

respectively. As shown in Table 4-14 and Figure 4-26 to Figure  4-31, the increase of 

the initial hidden neurons to 128 neurons and the model structure of 4-127-1 resulted 

in RMSE = 0.58, R2 =1. The result was closet to the actual measured sediment 

volume. It was then concluded that the increase in model complexity lead to the results 

close to the actual value. 

 

Table 4-14: Changing Hidden Neuron 

 

Momentum 
Learning 

Rate 

Initial 

Weight

Initial 

Neuron

Best 

fitness 
R2 RMSE Structure

0.1 0.9 +/-3 8 739.5 0.99502 1.12E+03 4-6-1 

0.1 0.9 +/-3 16 599.9 0.99679 9.25E+02 4-13-1 

0.1 0.9 +/-3 32 78.8 0.99996 81.3 4-32-1 

0.1 0.9 +/-3 64 124.99 1 1.28E+02 4-60-1 

0.1 0.9 +/-3 128 0.57 1 0.58 4-127-1 

0.1 0.9 +/-3 256 67.97 1 69.29 4-32-1 

 



Fac. of Grad. Studies, Mahidol Univ.         M.Sc. (Appropriate Tech. for Resources and Env. Dev.) / 123 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-26: Limit Hidden Neuron = 8 neurons 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-27: Limit Hidden Neuron = 16 neurons 
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Figure 4-28: Limit Hidden Neuron = 32 neurons 

 

 
 

Figure 4-29: Limit Hidden Neuron = 64 Neurons 
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Figure 4-30: Limit Hidden Neuron = 128 neurons 

 

 

 

Figure 4-31: Limit Hidden Neuron = 256 neurons 
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4.6 Comparison and validation 

 

Upon obtaining the sediment volume forecast from the Neuro-genetic 

Optimizer model, the result was then compared to that of actual measured value. Data 

set from 2005 was then used to validate the results from the model against the 

regression model and against the actual measured value. The regression model 

employed data from the Royal Irrigation Department (B.E. 2548). By using the 

regression model, calculation for the sediment volume in 2005 was obtained from the 

equation Y = 198.48x1.1783, R2 = 0.9974. The annual sediment volume was then 

estimated to be 45,346 tons. As for the Neuro-genetic Optimizer, the sediment volume 

was estimated to be 49,855 tons with R2 equal to 0.9994.  On the contrary, the actual 

sediment volume measurement was estimated to be 48,697 tons. Therefore, the Neuro-

genetic Optimizer derived the sediment volume off from the actual measured estimation by 

1,160 tons, whereas the regression model derived the sediment volume off from the actual 

measurement by 3,351 tons as shown in Table 4-15 and Figure 4-32. 
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Table 4-15: Sediment Volume 2005 Comparison between Actual Data, Regression 

Model, and Neuro-genetic Optimizer 

Sediment Volume (tons) 

Months 
Actual Data Regression model 

Neuro-genetic 

Optimizer 

April 12 9.8 3.9 

May 549 479.0 460.9 

June 86 83.6 85.5 

July 222 229.7 226.9 

August 41 40.4 40.1 

September 25,896 23,747.0 26,168.8 

October 5,621 5,529.5 5,554.5 

November 14,581 13,306.5 15,450.9 

December 878 1002.5 969.2 

January 309 361.4 350.3 

February 130 154.4 156.0 

March 372 402.7 389.0 

Annual Sediment 

Volume (tons) 
48,697 45,346.4 49,855.9 
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Comparision of Sediment between Actual Data, Regression 
Model and Neuro-genetic Optimizer
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Figure 4-32: Sediment Volume in 2005 Comparison between Actual Data, 

Regression Model and Neuro-genetic Optimizer  

 

From result of the sediment volume forecast, index of efficiency was 99%. 

Because the regression model calculated the sediment volume from only the runoff 

data, the Neuro-genetic Optimizer model, which takes into account the input rainfall, 

runoff, and runoff lagged data and sediment lagged data, together with learning and 

comparing data of the land use change, the result was thus closer to the actual 

measurement than the regression model. In addition, the Neuro-genetic Optimizer 

model also finds the correlation among the variables prior to run model simulation. 
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4.7 Transforming Suspended Sediment into Sediment Load in Reservoir  
 

As for sediment volume accumulated in the reservoir, it may be observed from 

sediment particles colleted from collecting sediment data at Lam Phra Phloeng 

Reservoir of Royal Irrigation Department in 1992.  The results indicated that clay 

particles had been found the most or 66%, following by Silt particles or 31% and Sand 

particles found the least or 3%. Most of the reservoir sedimentation volume depends 

on the particle size and types of which most of the particles were clay. Therefore, it 

can be anticipated that most of suspended sediment and the rest is accumulated as bed 

load. This is in accordance with the report of irrigation department that is bed load is 

approximately 20% of suspended load. In addition, the percentage of bed load depends 

on soil particulate and dissolved matters in the water. 

 

 

4.8 Conclusion 

4.8.1 Land Use Changes in the Lam Phra Phloeng Upper River Basin 

By using satellite images from LANDSAT-5 TM between 2002 and 2005 for 

interpretation in order to classify and create map showing land use in Lam Phra 

Phloeng river basin, the results found that the land use can be classified into 7 types: 

mixed upland crop, orchard, sugarcane, dry evergreen forest, dry dipterocarp forest, 

open land and water bodies. As for the land use changes, the results are concluded as 

follows: 

Agricultural Areas: The agriculture areas were used to cultivate mixed upland 

crop, sugarcane and orchard. Agricultural area reduced from 244,662 rais in 2002 to 

215,902 rais in 2005 or 5.69 % of the total changed area since the satellite image 

interpretation during that time was done with the open land that had been planned for 

next cultivation plots. 

 

Forest Areas: The predominant forest areas are dry evergreen forest and dry 

dipterocarp forest. The study found that the forest area reduced from 256,145 rais in 

2002 to 205,996 rais in 2002 or 9.93 % of the total changed area. This reduction was 

destroyed, clearing land for other use such as agricultural, resort or orchard. 
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    Miscellaneous Areas: Areas that do not fall into agriculture or forest area are 

classified as open land. It had increased from 1,842 rais in 2002 to 80,669 rais in 2005 

or 15.59 % of the total changed area, and water bodies increased from 3,060 rais in 

2002 to 3,212 rais in 2002, constituting 0.03 % of total changed area. 

 

The present study revealed land use changes in Lam Phra Phloeng river basin 

during 2002 and 2005. The data provides beneficial information to follow future land 

use changes in this watershed, and since GIS database has been developed for Lam 

Phra Phloeng reservoir, this study is also crucial for further application in land 

evaluation. This can be done through construction of spatial modeling, which would 

aim at planning the land use in the upper Lam Phra Phloeng reservoir area to 

correspond with land ecological approach and sustainable use in order to benefit the 

people in the watershed area. 
 

 

4.8.2 Analysis of Soil Loss and Evaluation of Sediment Volume from 

USLE 

 

From developing map of soil loss based on hazard severity and area calculation 

of each hazard severity in the year 2002 and 2005, the findings indicated that the rate 

of soil loss increased, and the volume of sediment from soil erosion in the area above 

Lam Phra Phloeng Reservoir climbed from approximately 196,771 tons/year in 2002 

to approximately 382,112 tons/year in 2005. This soil loss is considered a moderate 

loss of which is mostly resulted from illegal trespassing of the water source forest area 

and clearing of land for agricultural use such as cultivating mixed upland crop. These 

trespassing ruined the land and caused tremendously impact on the ecosystem.  
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4.8.3 Neuro-genetic Optimizer 

 

The development of the Neuro-genetic Optimizer model was carried out with 

38 data sets. The input consisted of four input nodes, which were data from rainfall, 

runoff, runoff with data backdated one month, and sediment with data backdated three 

months. The output was sediment data. The present study chose ANNs with back-

propagation. The structure of neural training mode was the optimized form with the 

use of Genetic Algorithm (GA) to seek suitable network. Sigmoid function was 

employed as transfer function with scaling function converting input in the span of 0-1 

as well as reversing data. Forecasting was carried out through time series prediction 

with the population size of 250. The program was trained and tested using a total of 38 

data sets, splitting 19 data sets for training and 19 data sets for testing. Testing was 

done alternately between every 2 data sets of teaching. 

Learning rate was 0.9, and the momentum was 0.1. The initial weight was     

+/-3. The initial hidden neuron was 128 neurons, which provided the value of 

association between units of each layer. The outcome of the selections gave the model 

with network structure of 4-127-1, and RMSE equal to 0.58.  

 

4.8.4 Comparison of results forecasting 

 

From comparing the results between Neuro-genetic Optimizer and Regression 

Model using validated data sets, the results found that the annual estimated sediment 

volume from Neuro-genetic Optimizer in Lam Phra Phloeng river basin for 2005 was 

49,855 tons with R2 = 0.9994. The linear model, on the other hand, used the equation 

Y = 198.48x1.1783   with R2 = 0.9974 obtains the annual sediment estimate volume of 

45,346 tons. Upon comparing the differences of sediment volume between the two 

models with the actual statistical measurement, the results showed that Neuro-genetic 

Optimizer provided values closer to the actual measurement than Regression Model. 

The index of efficiency for model was approximately 99%, thus providing satisfied 

results. This indicated that Neuro-genetic Optimizer model could effectively forecast 

sediment volume in Lam Phra Phloeng Reservoir. Therefore, it can be used to support 

decision-making process in planning appropriate reservoir management.   
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 4.8.5 Transforming Suspended Sediment Value into Sediment Load Value 

 

The result from forecasting sediment volume using the Neuro-genetic 

Optimizer model was 49,855 tons of suspended sediment. Most of the reservoir 

sedimentation volume depends on the particle size and types of which most of the 

particles were clay. Sedimentation then depends on the particles’ property and solute 

in the water. 

 

4.9 Discussion 

4.9.1 Input Data 

The available rainfall and runoff data obtained from the Royal Irrigation 

Department, which were used in this study, was one of the limitations in this study. 

Short number of years with data collection along with closing down of the Monitoring 

Station M.145 and opening of new station M.171 may affect the data quality in terms 

of consistency and reliability, which may affect forecast accuracy.  

 

4.9.2 Satellite Image Interpretation  

 Result from satellite image interpretation to validate land use at the area above 

Lam Phra Phloeng Reservoir in 2002 and 2005 were coincided with the study by 

Thongchai Charupput (B.E.2545) to study the land use in the area above Lam Phra 

Phloeng Reservoir from satellite image interpretation in 1873 to 2000. It had 

suggested the reduction of forest area while the agricultural area had increased.  

 

The interpretation of satellite images to classify land use utilized the 

application of mixing color band, and the color band selected was 4:5:3 (R:G:B). 

Plants or vegetations will be displayed in red color, which is appropriate for 

classifying land coverings or land use. Improper band selection may result in 

ineffective classification. Furthermore, this study interpreted satellite image crudely 

with the aim to classify land use change only, while the complete detail of type of land 

use may not be accurate. 
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4.9.3 Soil loss and Soil Erosion 

 

Soil loss and soil erosion results were derived from the USLE equation. The 

results were high, because the topographical surroundings have steep slope and short 

slope length. Moreover, area at the upper catchments had land use change, which was 

mostly converted into agricultural areas and open area. The area did not have soil and 

water conservations practice. 

  

4.9.4 Application of the Neuro-genetic Optimizer model 

 

The learning rate and momentum of the model in this study were 0.9 and 0.1, 

respectively. These values differed from previous studies by Thongplew Kongjun 

(B.E.2546) with learning rate of 0.4 and momentum of 0.8, whereas the study by 

Wongakkin Sangsuwan (B.E.2549) obtained the learning rate of 0.1 and momentum of 

0.8. The study by Thanapol Piman (B.E.2545) obtained the learning rate of 0.01 and 

momentum of 0.45:0.95. These studies using the artificial neural network obtained low 

learning rate, while the momentum was high.  

 

Thongplew Kongjun (B.E.2546) stated that the lower the learning rate, the 

easier the ANN will reach the destination. On the contrary, high momentum will 

weigh down the results; thus preventing the results from fluctuating. The present 

study, thus, obtained the results differ from previous reports. This contradiction may 

be due to different model employed. The model used in this study was a mix between 

the Artificial Neural Networks and Genetic Algorithm, and GAs assisted in finding the 

structure of the hidden layer and function in finding the appropriate parameters. The 

simulation time became faster, and the learning rate was therefore high. This indicated 

that the model learnt faster, so the results differed from previous studies. According to 

Seree Supharatid (B.E.2544), selecting the most suited learning rate and momentum 

depend on the type of problems, which could not be set for any general condition. 
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The model simulation in the present study used one hidden layer, and the 

network structure was 4-127-1. This structure differs from previous study by 

Thongplew Kongjun (B.E.2546), whose structure was 9-13-12-12, and the study by 

Wongakkin Sangsuwan (B.E.2549) has 3-6-8-1 in structure, and the study by 

Thanapol Piman (B.E.2545) has the structure of 11-6-5-1 and 7-4-3-1. Most of 

previous studies used two hidden layers tiers. On the contrary, this study used one 

hidden tier and an increase in number of neurons in the hidden tiers. The index of 

effectiveness of the model was 99%. The use of either one or two hidden layer tier 

depends on the application of model and input differences. 

 

As for the sediment volume calculation from the Neuro-genetic Optimizer, the 

sediment volume was estimated to be 49,855 tons with R2 equal to 0.9994. The 

regression model, on the other hand, estimated the sediment volume to be 45,346 tons 

with R2 equal to 0.9974. The Neuro-genetic Optimizer model provided sediment 

volume closer to the actual measured value than the regression model. The Neuro-

genetic Optimizer model may become one of the alternatives sediment forecasting 

method for Lam Phra Phloeng Reservoir, because this model is convenience and less 

time consuming. 

 

Since the Neuro-genetic Optimizer model is a freeware, this model thus could 

only compute 5 input variables at a time. In applying this model in other context, more 

inputs may be necessary, which may require the researcher to purchase more 

expensive program or developed a new program using Artificial Neural Networks and 

Genetic Algorithm. Therefore, full version should be used. Moreover, analysis of 

Neuro-genetic Optimizer model was done by random sampling, which may result in 

variations to the forecast result.  
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4.9.5 Sediment Value Evaluation 

 

Sediment volume from the forecast had given higher values than Regression 

model values and actual measurement due to land use change from current illegal 

trespassing and more open lands as well as changing most forests into agricultural and 

resort area. Besides, inputs data was only raw data which could contribute to higher 

sediment value.  

 

The result of the sediment load volume in this study was presumed to be 

derived from the suspended sediment, which increase the possibility of calculation 

error. In addition, sediment collection and survey by the related agency was not 

carried out consistently, which made the data comparison and control difficult. 

Subsequent study should include field-study to collect sediment data and compared to 

the model calculation. 

 

The application of this study may be extended from forecasting the sediment 

load to reservoir management and reservoir design for more effective use and longer 

life span of the reservoir.  
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CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 

 
 

5.1 Conclusions 

The application of Neuro-genetic Optimizer for sediment estimation in Lam 

Phra Phloeng reservoir had analyzed the land use change of 2002 and 2005 as well as 

studying sediment volume through the comparison between linear and non-linear. 

Result findings are being summarized as follows: 

The results from this study revealed that the forest area in Lam Phra Phloeng 

upper river basin was destroyed continuously and the most area was converted to 

agricultural. These are affected to soil degraded, soil erosion and sediment load in 

reservoir to increase approximately 36 %. But the land must be used wisely and 

efficiently which will be reduced sediment load in to stream and reservoir, moreover 

can be increase age of reservoir and maintain the forest. 

In applying the Neuro-genetic Optimizer model for sediment forecasting in 

reservoir found that the index of efficiency for Neuro-genetic Optimizer model was 

approximately 99%. Furthermore, the comparison of sediment in two models with the 

real data, the Neuro-genetic Optimizer model provided forecast results for the Lam 

Phra Phloeng reservoir closer to the actual sediment volume than the regression 

model. Thus, the Neuro-genetic Optimizer model predicted sediment volume off by 

approximately 1,160 tons. That is the possibility of using Neuro-genetic Optimizer as 

the tool to evaluate sediment in other watershed because it is non-linear model as well 

as being the hybrid model to Neural Network with Genetic Algorithms that required 

Genetic Algorithms in the design of network to speed up work for more improvement 

This model was solved problem Tail & Error which saved time and expenses involved 

in the data collection process. Therefore, it is concluded that the Neuro-genetic 

Optimizer model is appropriate to be apply and aid the decision making process and 

further planning of reservoir management in the dynamic ecosystem and land use 

change. 
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5.2 Recommendations 

1. The availability and duration of data, rainfall, runoff, and sediment would 

provide more accurate forecasting. Thus, subsequent study should select 

further backdated and more precise data, since the variables are crucial 

factors in accuracy of prediction.  

2. In order to find the correlation of variables, sensitivity of each variable 

should be analyzed to find specificity and variable span, which would 

prevent trail and error of variables. 

3. Regarding satellite image interpretation for classification of land use, land 

survey should be carried together with stratified random sampling. Ground 

image and coordinate of the position should be recorded and compare the 

results with satellite images, which would increase accuracy of the study. 

4. Determining the soil loss can be done using Universal Soil Loss Equation. 

Another possible alternative method to determine soil loss is employing the 

artificial intelligence to apply in forecasting the soil loss. 

5. The outcomes from this study may provide useful information such as that 

of land use change, which can be followed onward to the future. The 

development of GIS database for Lam Phra Phloeng river basin can be used 

for land evaluation using spatial modeling. Land use planning can then be 

carried out in the area above the reservoir, which is appropriated using land 

ecological approach and having sustainable use. The benefits would go to 

the local population residing around the watershed. Furthermore, other 

governmental agencies such as Land Development Department and Royal 

Forestry Department could apply the data from this study for further use. 

6. Application of the Neuro-genetic Optimizer for other watershed is also 

possible. However, it may require that the watershed be a small area, since 

this model is suited for short term forecasting. This model also require 

sufficient amount of data, thus making the model learn the data in order to 

maximize the forecasting capacity. 
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7. Besides managing the sediment in the reservoir, efforts to seek other 

alternative managing method to reduce sediment volume should be done. 

For examples, appropriate measures to conserve soil and water sources as 

well as protecting forest of water source area, should be initiated early. 

Conservation at the early stages prior to corrosion would prevent the 

subsequently elevation of sediment volume. Therefore, all responsible 

parties should cooperate and manage as one.  
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Bed Material 

 

Reservoir: Lam Phra Phloeng    Drianage Area: 820 Sq.K.M. 

Operated Year: 1983  Amphur: Pak Thong Chai Changwat: Nakhonratchasima 

 
Appendix A-1: Bed Material in Lam Phra Phloeng Reservoir in 1983 

Sample No. Clay Silt Sand  Coarse sand Gravel 

1 55 37 8 0 0 

2 57 37 6 0 0 

3 65 31 4 0 0 

4 50 44 6 0 0 

5 48 37 15 0 0 

6 54 37 9 0 0 

7 46 36 18 0 0 

8 54 42 4 0 0 

9 47 50 3 0 0 

10 37 60 3 0 0 

Average 51 41 8 0 0 

Source: Hydrology and Water Management Center for Lower Northeastern Region, 

(B.E.2548) 
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Bed Material 

 

Reservoir: Lam Phra Phloeng    Drianage Area: 820 Sq.K.M. 

Operated Year: 1991  Amphur: Pak Thong Chai Changwat: Nakhonratchasima 

 

Appendix A-2: Bed Material in Lam Phra Phloeng Reservoir in 1991 

Sample No. Clay Silt Sand  Coarse sand Gravel 

1 60 38 2 0 0 

2 48 50 2 0 0 

3 62 36 2 0 0 

4 52 46 2 0 0 

5 60 37 3 0 0 

6 71 28 1 0 0 

7 75 23 2 0 0 

8 75 24 1 0 0 

9 75 20 5 0 0 

10 77 16 7 0 0 

11 68 22 10 0 0 

Average 66 31 3 0 0 

Source: Hydrology and Water Management Center for Lower Northeastern Region, 

(B.E.2548) 

 



Fac. of Grad. Studies, Mahidol Univ.         M.Sc. (Appropriate Tech. for Resources and Env. Dev.) / 147

 
Appendix A-3: Station in Lam Phra Phloeng River Basin 
 
COED UTM East UTM North ZONE STATION CHANGWAT 

1 730510 1556205 47P อ.วังน้ําเขยีว จ.นครราชสีมา 
2 176121 1562760 48P อ.ปกธงชัย จ.นครราชสีมา 
3 730462 1558264 47P RM.33 จ.นครราชสีมา 
4 725228 1556311 47P หวยโกรกเด จ.นครราชสีมา 
5 728696 1554436 47P บานคลองปลากั้ง (M.146) จ.นครราชสีมา 
6 726999 1556266 47P บานทาน้ําซับ(M.147) จ.นครราชสีมา 
7 730570 1556236 47P บานบุตะโก จ.นครราชสีมา 
8 730449 1556327 47P บานซับไทรทอง จ.นครราชสีมา 
9 728770 1556189 47P บานดินอุดม จ.นครราชสีมา 

10 717982 1554435 47P อางลําพระเพลิง1 จ.นครราชสีมา 
11 728723 1558064 47P M.169 จ.นครราชสีมา 
12 728754 1557972 47P M.171 จ.นครราชสีมา 
13 728798 1556405 47P M.172 จ.นครราชสีมา 
14 730597 1559926 47P M.180 จ.นครราชสีมา 
15 176127 1560852 48P M.119 จ.นครราชสีมา 
16 723395 1560046 47P M.145 จ.นครราชสีมา 

 
Source: Royal Irrigation Department, (B.E.2548)  (Unpublished) 
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Appendix A-6: การสํารวจตะกอนในอางเก็บน้ํา 
การสํารวจตะกอนในอางเกบ็น้ําโดยตรง (Contour Method) 

 กรมชลประทาน (2547) ไดทําการสํารวจหาความจุอางเก็บน้ําใหม โดยวิธีการสํารวจหา
ปริมาณตะกอนที่ตกสะสมในอางเก็บน้ํา สามารถแยกไดเปน 2 ประเภท คือ  

1. การสํารวจปฏิบัติงานบนบก 
- การออกแนวฝงหมุดหลักฐาน 
- การเดินระดับโยงราคาหมุดหลักฐาน 
- การสํารวจพิกดัฉาก 
- การเดินระดับรูปตัดขวาง ซ่ึงอางเก็บน้ําบางทีก่็ไดปฏิบัติงานออกแนวรูปตัดไวแลว 

2. การสํารวจปฏิบัติงานในน้ํา 
- การสํารวจความลึกของอางเก็บน้ํา ณ จุดตาง ๆ  ในบริเวณอางเก็บน้ํา 

  
 นอกจากนี้ทางการไฟฟาฝายผลิต (กฟผ.) ไดมีการสํารวจตะกอนในอางเก็บน้ําตาง ๆ  
โดยศึกษาภายหลังการกอสรางและใชงาน ไดมีการวางแผนและกําหนดแนวทางในการสํารวจอยาง
มีระบบ โดยแบงออกเปน 3 ขั้นตอน  คือ  
 
 1.    ในการสํารวจครั้งแรกจะทําการวางหมุดโครงขายรอบอางเก็บน้ํา เพื่อใชเปนระดับ
อางอิงในการสํารวจครั้งตอไป ซ่ึงจะตองทําการสํารวจซ้ําที่เดิมเพื่อใหผลของการสํารวจสามารถ
นํามาเปรียบเทียบกันได 
 
 2.    การสํารวจเก็บขอมูลความลึกของทองน้ํา โดยใชเครื่องหยั่งความลึก ซ่ึงอาศัย
หลักการสะทอนกลับของคลื่นเสียง (Echo Sounder) เพื่อหาระดับของทองน้ํา 
 
 3.    เก็บตัวอยางตะกอนของทองน้ํา และตะกอนแขวนลอยตรงจุดที่เก็บขอมูลระดับ
ของทองน้ํา เพื่อนํามาวิเคราะหหาขนาดของตะกอนตามจุดตาง ๆ  
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จากขั้นตอนการสํารวจดังกลาว  ขั้นตอนที่ 2  เปนขั้นตอนที่มีความสําคัญมาก  และเปน
ขั้นตอนที่ตองใชเวลาหากจะทําการสํารวจทั่วทั้งอางเก็บน้ํา   ดังนั้นเพื่อเปนการประหยัดเวลาการ
สํารวจ  จึงกระทําเฉพาะจุดที่สําคัญและมีแนวโนมวาจะเปนบริเวณที่ตะกอนมาตกเปนจํานวนมาก  
เชน  บริเวณที่ลําน้ําสาขาใหญ ๆ มาบรรจบกับอางเก็บน้ํา  โดยทําการสํารวจรูปตัดตามขวางของอาง
เก็บน้ําบริเวณดังกลาวเอาไว   สวนบริเวณหนาเขื่อนซึ่งเปนจุดที่สําคัญที่สุด   จะทําการสํารวจอยาง
ละเอียดถึงขั้นทําแผนที่แสดงเสนแบงชั้นความสูงของทองน้ํา  และเพื่อใหเกิดความมั่นใจมากขึ้นไป
อีกการสํารวจในครั้งตอ ๆ ไป  จะกระทําทุกชวงเวลา 5-10 ป  ขึ้นอยูกับสถานการณและความพรอม
ของผูปฏิบัติงาน  โดยการสํารวจจะกระทําตรงตําแหนงเดิมทุกประการ เพื่อนําผลการสํารวจมา
วิเคราะหเปรียบเทียบกับขอมูลที่ไดทําการสํารวจเอาไวเดิม    
  
 จากผลของการสํารวจอางเก็บน้ําตาง ๆ ของ กฟผ.  เทาที่ผานมายังไมพบวาอางเก็บน้ําใดมี
การทับถมของตะกอนมากผิดปกติแตอยางใด  และดวยเล็งเห็นถึงความสําคัญของการสํารวจอาง
เก็บน้ํา   กฟผ. ยังไดนําเอาเครื่องมือและวิทยาการใหม ๆ ทางดานการสํารวจทางน้ําเขามาใช เชน 
เครื่องมือกําหนดตําแหนงอัตโนมัติมาใชรวมกับเครื่องมือวัดความลึกของน้ํา  และทําการบันทึก
ขอมูลดวยเครื่องคอมพิวเตอร ซ่ึงจะทําใหสามารถเก็บขอมูลการสํารวจจํานวนมากไดอยางรวดเร็ว   
จากขอมูลดังกลาวสามารถนํามาประเมินหาปริมาณตะกอนที่ทับถมระหวางชวงเวลาที่ทําการสํารวจ
แตละครั้งได  
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Appendix B-1: ERROR MATRIX 2002 
-------------  
 
    Reference Data 
    -------------- 
Classified 
      Data  Dry Evergr Dry Dipter Water Bodies    Orchard  
----------  ---------- ---------- ---------- ----------  
Dry Evergr     27150                     0                    0                    0  
Dry Dipter      65         10977          0                    0  
Water Bodies   0                   0           2893                    0  
Orchard   0                   1                    3              459  
Mixed Crop   0             781                    0                    1  
Sugarcane   0                15                    0                 65  
Open land   0                   0                    0                   0  
 
Column Total      27215         11774       2896           525  
 
    Reference Data 
    -------------- 
Classified 
      Data Mixed Crop  Sugarcane  Open land  Row Total 
---------- ---------- ---------- ---------- ----------  
Dry Evergr          0                    0            0      27150 
Dry Dipter        404          0            0      11446 
Water Bodies          0                    0            0       2893 
Orchard         22         19             0        504 
Mixed Crop      11459          2            3      12246 
Sugarcane         65        548           0        693 
Open land        190          0          592        782 
 
Column Total      12140        569         595      55714 
 
 

----- End of Error Matrix ----- 
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Appendix B-2: ERROR MATRIX 2002 
------------- 
 
    Reference Data 
    -------------- 
Classified 
      Data Dry Evergr  Dry Dipter Water Bodies    Orchard  
---------- ----------  ---------- ---------- ----------  
Dry Evergr      99.76        0.00        0.00        0.00  
Dry Dipter       0.24       93.23        0.00        0.00  
Water Bodies       0.00        0.00       99.90        0.00  
Orchard       0.00        0.01        0.10       87.43  
Mixed Crop       0.00        6.63        0.00        0.19  
Sugarcane       0.00        0.13        0.00       12.38  
 Open land       0.00        0.00        0.00        0.00  
 
Column Total      27215       11774        2896         525  
 
    Reference Data 
    -------------- 
Classified 
      Data Mixed Crop  Sugarcane  Open land  Row Total 
---------- ---------- ---------- ---------- ----------  
Dry Evergr       0.00       0.00       0.00      27150 
Dry Dipter       3.33       0.00       0.00      11446 
Water Bodies       0.00       0.00       0.00       2893 
Orchard       0.18       3.34       0.00        504 
Mixed Crop      94.39       0.35       0.50      12246 
Sugarcane       0.54      96.31       0.00        693 
Open land       1.57       0.00      99.50        782 
 
Column Total      12140        569        595      55714 
 
 

----- End of Error Matrix ----- 
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Appendix B-3: ERROR MATRIX 2005 
------------- 
 
    Reference Data 
    -------------- 
Classified 
      Data Dry Evergr Dry Dipter Water Bodies    Orchard  
---------- ---------- ---------- ---------- ----------  
Dry Evergr      63285         10          0            0  
Dry Dipter        207      26171          0            4  
Water Bodies          0                     6       2669           0  
Orchard         61         66          0          486  
Mixed Crop          0                197         12           0  
Sugarcane          0                549          1            0  
Open Land          0                150          0            0  
 
Column Total      63553      27149       2682        490  
 
    Reference Data 
    -------------- 
Classified 
      Data Mixed Crop  Sugarcane  Open Land  Row Total 
---------- ---------- ---------- ---------- ----------  
Dry Evergr          0            0          0       63295 
Dry Dipter         40           0         16 26438 
Water Bodies          0            0          0        2675 
Orchard          0            0          0         613 
Mixed Crop       2015           1         30 2255 
Sugarcane         14         186         14 764 
Open Land       1448           0       1412 3010 
 
Column Total       3517         187       1472 99050 
 
 

----- End of Error Matrix ----- 
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Appendix B-4: ERROR MATRIX 2005 
------------- 
 
    Reference Data 
    -------------- 
Classified 
      Data Dry Evergr Dry Dipter Water Bodies    Orchard  
---------- ---------- ---------- ---------- ----------  
Dry Evergr      99.58       0.04       0.00       0.00  
Dry Dipter       0.33      96.40       0.00       0.82  
Water Bodies       0.00       0.02      99.52       0.00  
Orchard       0.10       0.24       0.00      99.18  
Mixed Crop       0.00       0.73       0.45       0.00  
Sugarcane       0.00       2.02       0.04       0.00  
Open Land       0.00       0.55       0.00       0.00  
 
Column Total      63553      27149       2682        490  
 
    Reference Data 
    -------------- 
Classified 
      Data Mixed Crop  Sugarcane  Open Land  Row Total 
---------- ---------- ---------- ---------- ----------  
Dry Evergr       0.00       0.00       0.00      63295 
Dry Dipter       1.14       0.00       1.09      26438 
Water Bodies       0.00       0.00       0.00       2675 
Orchard       0.00       0.00       0.00        613 
Mixed Crop      57.29       0.53       2.04       2255 
Sugarcane       0.40      99.47       0.95        764 
Open Land      41.17       0.00      95.92       3010 
 
Column Total       3517        187       1472      99050 
 
 

----- End of Error Matrix ----- 
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Appendix B-5: Signature Separability Listing 2002 
 
    File: d:/landsat/2002_landsat/supervised_2002new2.sig 
 
    Distance measure: Transformed Divergence 
 
    Using bands: 1 2 3 4 5 6 7  
 
    Taken 7 at a time 
 
       Class 
 
   1   Dry Evergreen Forest                                      
   2   Dry Dipterocarp Forest                                   
   3   Water Bodies                                             
   4   Orchard                                                  
   5   Mixed Upland Crop                                               
   6   Sugarcane                                                
   7   Open land                                                
 
 
 
                           Best Minimum Separability 
 
   Bands         AVE    MIN    Class Pairs: 
                               1: 2   1: 3   1: 4   1: 5   1: 6   1: 7   2: 3 
                               2: 4   2: 5   2: 6   2: 7   3: 4   3: 5   3: 6 
                               3: 7   4: 5   4: 6   4: 7   5: 6   5: 7   6: 7 
  1  2  3  4    1995   1908    2000   2000   2000   2000   2000   2000   2000 
  5  6  7                   2000   1978   2000   2000   2000   2000   2000 
                               2000   2000   1908   2000   2000   2000   2000 
 
 
 
                           Best Average Separability 
 
   Bands         AVE    MIN    Class Pairs: 
                               1: 2   1: 3   1: 4   1: 5   1: 6   1: 7   2: 3 
                               2: 4   2: 5   2: 6   2: 7   3: 4   3: 5   3: 6 
                               3: 7   4: 5   4: 6   4: 7   5: 6   5: 7   6: 7 
  1  2  3  4    1995   1908    2000   2000   2000   2000   2000   2000   2000 
  5  6  7                   2000   1978   2000   2000   2000   2000   2000 
                               2000   2000   1908   2000   2000   2000   2000 
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Appendix B-6: Signature Separability Listing 2005 
 
    File: d:/landsat/2005_landsat/supervised_2005new2.sig 
 
    Distance measure: Transformed Divergence 
 
    Using bands: 1 2 3 4 5 6 7  
 
    Taken 7 at a time 
 
       Class 
 
   1   Dry Evergreen Forest                                     
   2   Dry Dipterocarp Forest                                   
   3   Water Bodies                                             
   4   Orchard                                                  
   5   Mixed Upland Crop                                               
   6   Sugarcane                                                
   7   Open Land                                                
 
 
 
                           Best Minimum Separability 
 
   Bands         AVE    MIN    Class Pairs: 
                               1: 2   1: 3   1: 4   1: 5   1: 6   1: 7   2: 3 
                               2: 4   2: 5   2: 6   2: 7   3: 4   3: 5   3: 6 
                               3: 7   4: 5   4: 6   4: 7   5: 6   5: 7   6: 7 
  1  2  3  4    2000   1998    2000   2000   2000   2000   2000   2000   2000 
  5  6  7                   2000   2000   2000   2000   2000   2000   2000 
                               2000   2000   2000   2000   2000   2000   1998 
 
 
 
                           Best Average Separability 
 
   Bands         AVE    MIN    Class Pairs: 
                               1: 2   1: 3   1: 4   1: 5   1: 6   1: 7   2: 3 
                               2: 4   2: 5   2: 6   2: 7   3: 4   3: 5   3: 6 
                               3: 7   4: 5   4: 6   4: 7   5: 6   5: 7   6: 7 
  1  2  3  4    2000   1998    2000   2000   2000   2000   2000   2000   2000 
  5  6  7                   2000   2000   2000   2000   2000   2000   2000 
                               2000   2000   2000   2000   2000   2000   1998 
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Appendix C-1: Training Data 
 

Output Sediment (t-3) Rainfall Runoff (t) Runoff (t-1) 
345 342 37.5 32.3 31.3
539 536 91.7 43.3 42.3

2562 2559 122.1 105.6 104.6
6912 6909 109.3 211.6 210.6
129 126 16.4 2.0 1.0

8 5 123.6 107.9 106.9
811 808 37.8 70.2 69.2

2897 2894 6.0 147.4 146.4
498 495 1.1 55.3 54.3

2646 2643 193.4 104.8 103.8
4853 4850 167.3 147.6 146.6
8598 8595 216.1 237.9 236.9

22835 22832 227.9 458.2 457.2
1699 1696 0.7 82.5 81.5
117 114 26.4 10.5 9.5
723 720 113.1 30.6 29.6

50064 50061 368.3 694 693
7655 7652 111.8 207.6 206.6
1179 1176 28.4 62.5 61.5

 
 
Appendix C-2:  Testing Data 
 

Output Sediment (t-3) Rainfall Runoff (t) Runoff (t-1) 
2023 2020 158.9 75.8 74.8
1194 1191 75.5 58.3 57.3
7167 7164 119.7 170.1 169.1
1320 1317 14.3 72.1 71.1

49 46 105.1 14.5 13.5
93 90 47.8 108.1 107.1

6937 6934 155.5 205.6 204.6
1530 1527 0.4 105.8 104.8
334 331 48.3 39.7 38.7

4182 4179 87.1 122.6 121.6
2791 2788 88.2 109.1 108.1
3993 3990 198 147.3 146.3

57749 57746 212.1 762.1 761.1
200 197 2.3 18.0 17.0
38 35 41.6 3.1 2.1

3913 3910 65.8 111.0 110.0
3482 3479 90.5 135.1 134.1

13614 13611 194.8 312.4 311.4
69 66 8.7 7.2 6.2
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Appendix C-3: การปรับแกแบบจําลอง 

Momentum 
Learning 

Rate 
Weight R2 RMSE Structure Remark 

0.2 0.4 0.3 0.98816 1.55 2-8-1 Tail Swap, Section 
0.2 0.4 0.3 0.98817 1.58 2-6-1 Two Cut Swap, S 
0.3 0.4 0.3 0.98285 1.96 2-8-1 Tail Swap, S 
0.4 0.4 0.3 0.98432 1.81 2-6-1 Tail Swap, S 
0.5 0.4 0.3 0.98167 2.01 1-6-1 Tail Swap, S 
0.6  0.4 0.3 0.97957 2.13 3-8-1 Tail Swap, S 
0.7 0.4 0.3 0.97961 2.14 4-8-1 Tail Swap, S 
0.8 0.4 0.3 0.98295 1.93 1-8-1 Tail Swap, S 
0.9 0.4 0.3 0.97761 2.18 3-8-1 Tail Swap, S 
0.2 0.4 2 0.99042 1.3 4-6-1 Two Cut Swap, S 
0.2  0.4 2 0.99099 1.37 2-6-1 Tail Swap, S 
0.2 0.4 2 0.98992 1.54 3-8-1 Tail Swap, S 
0.2 0.4 2 0.99272 1.2 3-8-1 Tail Swap, R+S 
0.2 0.4 2 0.99035 1.36 2-8-1 Tail Swap, R+S 
0.2 0.4 2 0.9903 1.4 2-8-1 Roulette Wheel , Tail Swap, R 
0.2 0.4 2 0.99093 1.29 3-8-1 Percent 0.5,S, Tail Swap 
0.2 0.4 2 0.98903 1.47 2-8-1 Tail Swap, R 
0 0.4 2 0.99218 1.23 3-8-1 R+S, Tail Swap 
0.8 0.4 2 0.99154 1.36 4-1-1 R+S, Tail Swap 
0.2 0.4 2 0.98897 1.31 3-7-1 R+S, Tail Swap 
0.3 0.4 2 0.99294 1.13 3-8-1 R+S, Tail Swap 
0.2 0.3 2 0.99539 1.3 3-6-1 R+S, Tail Swap  
0.2 0.3 2 0.9927 1.23 4-8-1 R+S, Two cut Swap 
0.3  0.3 2 0.99539 1.26 3-8-1 R+S, Tail Swap 
0.3 0.3 2 0.99085 1.36 3-6-1 R+S, Two cut Swap 
0.4 0.3 2 0.99087 1.3 3-7-1 R+S, Tail Swap 
0.5 0.3 2 0.99129 1.42 3-6-1 R+S, Tail Swap 
0.6 0.3 2 0.9892 1.37 2-8-1 R+S, Tail Swap 
0.2 0.4 0.6 0.98329 1.97 4-8-1 R+S, Tail Swap 
0.9 0.9 2 0.99442 1.02 1-8-1 R+S, Tail Swap 
0.9 0.9 2 0.99357 1.02 3-8-1 R+S, Two Cut Swap 
0.8 0.9 2 0.99227 1.30 3-8-1 R+S, Tail Swap 
0.8 0.9 2 0.99285 1.25 3-7-1 R+S, Two Cut Swap 
0.2 0.9 2 0.9946 1.02 3-8-1 R+S, Tail Swap  
0.2 0.9 2 0.99138 1.19 4-6-1 R+S, Two Cut Swap 

0.1 0.9 2 0.9947 9.10E+02 3-7-1 R+S, Tail Swap 
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Appendix C-4: แสดงคาตะกอนที่เกิดขึ้นจริงเทียบกับผลที่ไดจากการพยากรณจากแบบจําลอง 
Neuro-genetic Optimizer ที่ไดจากการปรับแกแบบจําลองแลว 
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Appendix C-5: คาปริมาณตะกอนป พ.ศ. 2548 ที่ไดจากแบบจําลองเชิงเสนเทียบกบัแบบจําลอง 
Neuro-genetic Optimizer 
 
 

 
 
 



Fac. of Grad. Studies, Mahidol Univ.         M.Sc. (Appropriate Tech. for Resources and Env. Dev.) / 161

 
Appendix C-6: ขั้นตอนการนําเขาขอมูลในโปรแกรม Neuro-genetic Optimizer 
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รูปท่ี C-1 แสดงตัวอยางการเขาสูโปรแกรมการทํางานตางๆ 
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1. เปดไฟลเพื่อนําเขาขอมูลสูโปรแกรมซึ่งจะเปนขอมูลของชุดการสอน(Training)และชุดการ
ทดสอบ(Testing) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. กําหนด Application type โดยเรียกวิธีการพยากรณแบบ Time Series Prediction 
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3. กําหนดคาตัวแปรใน Neural and Genetic Parameters  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. กําหนดคา Limit ของ Hidden Neurons, Neural Training Mode โดยเลือกเปน Optimizing 
สวนของ Neural Type เลือกแบบ Back Propagation, คาถวงน้ําหนักเริ่มตน (Initial Weight) 
กําหนดชวงใหอยูระหวาง +/-  หรือเปลี่ยนแปลงคาไดตามที่ตองการ และสุดทายทําการกําหนด
ชวงของอัตราการเรียนรู (Learning rate) และคาโมเมนตตัม (Momentum)  
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5. ทําการกําหนด Genetic Parameters โดยกําหนดคา Population size, Selection เลือกวิธี 
Percent ที่ 0.5, Refill จะใชแบบ Cloning, Mating เลือก Tail Swap และ Mutation เลือก 
Random Exchange ใช rate ที่ 0.25 หรือสามารถเลือกไดทั้ง 2 อยาง 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. การกําหนดคา System Configuration จะกําหนดคาความคลาดเคลื่อนโดยใชวิธี Root Mean 
Square Error และกําหนดขัน้ตอนการตรวจสอบการหยดุ (Stopping Criteria)  
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7. เมื่อทําการเตรยีมขอมูลเรียบรอยแลว ตอไปจะเปนการประมวลผลแบบจําลอง โดยกด Start 
ที่ Run 

 

 
 
 
8. โปรแกรมจะทําการประมวลผล เมื่อโปรแกรมหยุดการทํางานลง จะทําการก็บคาสุดทายที่

ดีที่ สุด  แลวนําโครงขายที่ ไดไปใชในการพยากรณกับขอมูลชุดทดสอบเพื่อวัด
ประสิทธิภาพของตัวแบบตอไป 
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รูปท่ี C-4   การแสดงคา
โครงขายที่ดีที่สุด  
(Best Networks) 

รูปท่ี C-3   การแสดงคา  
Population 

รูปท่ี C-2 การแสดงสถานะ 
ของการทํางาน 
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รูปท่ี C-7   การรายงานผล 
(Report) 

รูปท่ี C-6 กราฟการทํานาย
ระหวางคาทีไ่ดจากการ

ตรวจวดัจริงกบัแบบจําลอง

รูปท่ี C-5 การทํานาย
ระหวางคาทีไ่ดจากการ

ตรวจวดัจริงกบัแบบจําลอง 
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