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ABSTRACT

This thesis aims to evaluate potential areas of Nakornpathom to find
suitable areas for the establishment of a flood disaster shelter. By studying the
topography and the risk of flooding in the area, with the data from trusted public and
government agencies, participate in the analysis, together with the five selected criteria
taken from the Disaster Prevention and Mitigation officer, including the flood risk, the
flood record, the slope, the distance from the main road, and the population density of
each sub district. By applying the geographic information system (GIS) through, the
Potential Surface Analysis (PSA) method, the five factors are overlaid to find the most
suitable area in Nakornpathom province.

By studying the potential surface for a flood disaster shelter, the suitable
results are divided into 5 levels, given as: most suitable, suitable, moderately suitable,
less suitable and lowest suitable area. The results showed that Nakornpathom Province
has 2.39 percent of the highest suitable areas. It is found in the clustering areas of
Muang Nakorn Pathom, Kamphaeng Saen, and the area along the major transport
routes in Samphran and Nakhon Chai Si district. It is followed by 21.27 percent of the
high suitable areas, found in the area along the transportation routes in the south and

west. It is also found on transport links to the central of the Don Tum district.
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CHAPTER I
INTRODUCTION

1.1 Background and problem statement

Flood is a natural disaster, the most damage in social and economic sectors
of Thailand. Flood can be occurred for the several reasons. In Thailand, an occurring
of flood are mostly from the heavy and continuous pacipitation during the rainy season
and the tropical storm in or nearby areas. That situation can cause of inundation flood
in watershed areas, flood plain, or flash flood in mountainous areas.

Nakornpathom is a province in central-west Thailand. There are three
watersheds in Nakornpathom boundary, given as: Chao Pra-Ya watershed located in
east side of province, Tha-Chin watershed located in central Nakornpathom, and Mae-
Klong watershed located in west side of province. Nakornpathom’s topography is
generally flat. There is no forestry and mountainous area. Elevation are various
between one and fifteen meter. Tha-Chin River run from north to south in the central.
Nearby area is a plain interspersed with upland and water body. The east side of
Nakornpathom is flood plain along Tha-Chin river banks. There are many natural
canals and man-made canal in this area.

In 2011, due to tropical storm and heavy rain, it cause flood in many areas
of Nakornpathom. Many habitat, road, and farmland were flooded. Firstly, there was
inundation flood in Bang-lane district, due to the large volume of water from farmland
at north side (Pak-Hai and Jao-Jed field). Due to the low pressure trough and heavy
rain, the water level in Praya Ban-Lue canal was increased. Then, the water level in
Tha-Chin River was increased. Therefore, the areas along Tha-Chin River bank in
Bang-lane were flood. Moreover, the water was flooded in the east side of the
province by Mahasawad canal. The water from east side flooded Phutthamonthon,
Nakorn Chai Si, and Samphran district (The Office of Disaster Prevention and

Mitigation Nakornpathom Province, 2013).



Wongsakorn Tongsalee Introduction / 2

When disaster happened, there are many impact. People are displaced from
their house. There are four cyclic steps of disaster management, including Preparation,
Readiness, Response, and Recovery. The mitigation plan and emergency response
should execute as soon as possible. Displaced people have the right to obtain the help
and protection from exploitation and harm. Shelter is an important things for displaced
people. Shelter can ensure and enhance the safety for the migrant. For these reason,
selection of a shelter is more important. If it located in a wrong location, it can cause
many problem.

Flood is usually happen in Nakornpathom. Not only the weather but also
the terrain that cause Nakornpathom flooded. Because Nakornpathom is flood plain,
there are no differential elevation between river and riverbank in the north and east
side. That make Nakornpathom can to be flooded easily. This thesis aims to create the
digital elevation model (DEM), the risk zoning by flood risk analysis, and the suitable
areas for flood disaster shelter in Nakornpathom determination, to guide the mitigation
of flood occur.

1.2 Objectives

1) To study Nakornpathom terrain by creating the digital elevation model
(DEM).

2) To analyze the flood risk areas in Nakornpathom.

3) To analyze the suitable shelter areas for flood disaster.

1.3 Scope
The research area is Nakornpathom province in central of Thailand, where

has been flooded continuously during 2006 — 2013.
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1.4 Expected result
The information is taken from the analysis of Geographic Information
System (GIS) based information system for supporting the decision and mitigating

flood disaster in Nakornpathom province.

1.5 Outline summary

This thesis is divided into five main chapters including the Chapter | of
introduction. Chapter Il is the literature review, consisting of various theories and
methods of disaster management and Geographic Information system (GIS).
Moreover, it contains several related works. Chapter Ill is the methodology of the
thesis, including the summarized work flow and the details of processes. Chapter IV
describes the experimental result analysis and discussion. The results of the thesis
include the digital elevation model (DEM), the flood risk map, and the suitable areas.

Finally, the conclusion is also given in Chapter V.
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CHAPTER I
LITERATURE REVIEW

2.1 Study site

Nakornpathom province has known as a historical province, because many
antiquities and historical evidences have been discovered here. It is believed that an
ancient city of Thawarawadee Empire was located here in Nakornpathom Province.

Nakornpathom, the province in central-west Thailand, is located in Tha-
Chin river basin. It is approximately 56 kilometers on Petchkasem road, or 51
kilometers on Borommaratchachonnani road (Pinklao — Nakhon Chai Si) from
Bangkok. It is also known as Bangkok’s parameter areca. We can travel to
Nakornpathom by train. Nakornpathom borders are with Song Phi Nong district of
Suphanburi and Lat Bua Luang district of Ayuthaya in the North; Krathum Ban/Ban
Phaeo districts of Samutsakorn and Bang Phae district of Ratchaburi are in the South;
Sai Noi/Bang Yai/Bang Kruai districts of Nonthaburi, Bang Sai district of Ayuthaya,
and Thawi Watthana/Nong Khaem districts of Bangkok are in the East; and Ban
Pong/Photharam districts of Ratchaburi and Tha Maka/Phanom Thuan districts of
Kanjanaburi are in the West, as shown in Figure 2.1.

Nakornpathom is divided into 7 districts (Amphoe), 106 subdistricts
(Tambon) and 904 villages (Muban). There are approximately 879,327 people in
343,083 household living in Nakornpathom. Topography of Nakornpathom is
absolutely flat, as shown in Figure 2.2. It has Tha Chin River running from North to
South in the central-east of province. Nakornpathom’s soil types are mostly clay.
Nakornpathom normally has hot weather. It is not too cold in winter season. There are

100 - 134 rainy days for a year.
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Political Boundary of Nakorn Pathom, Thailand
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Topography of Nakorn Pathom, Thailand
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2.2 Flood disaster impact in Nakornpathom province

From Geo-Informatics and Space Technology Development Agency
Public Organization (GISTDA)’s flood area data (2006 — 2013), it is shown that
Nakornpathom is flood every year. Excepted in 2009, there is no report of flood areas
in Nakornpathom from this dataset. The big flood incident in Nakornpathom occurred
in 2010 as a part of the great flood in Thailand with the approximate areas of
784,472.34 clas (rai). The most devastated areas are in Bang Len district, followed by

Kamphaeng Saen, Nakhon Chai Si, and Don Tum districts, respectively.

2.3 Cause of flood

2.3.1 Natural cause

1) The areas in the central and northern are influenced by a low pressure
trough and southwest monsoon trough in May to October. It usually enables the
direct/indirect effects of depression and the tropical storm through the flooding
conditions and floods overflowed area near the river expands, especially for the east-
side area of Bang Len, Nakhon Chai Si, Putthamonthon, and Don Tum.

2) Nakornpathom is overloading to obtain the massive movement of water
from northern area. The water from Bhumibol Dam and Sirikit Dam is drained into
Tha Chin River basin.

3) Northern sub-basin frontier is steep slopes area that cause flood in south
plain.

4) Tide influences slow down the drainage to the sea. There are two-times
a day tide in the Gulf of Thailand.

2.3.2 Man-made cause

1) Both expansion of urban areas and insufficient drainage system in the
area increase the run-off coefficient and cause the faster waterlogging. In addition,
foregoing/filling the area and the construction of certain public utilities have also

effected of drainage.
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2) Because the underground water are used as water supply, the drainage
capabilities of the areas are decreased by causing land subsidence.

3) Building farmland area protection dike, 25 years-period flood
protection forecasting, along Chao Praya River and partial Tha Chin River by Royal
Irrigation Department (RID) raised water level and rate of flow in the river. Water
mass are moving faster into downstream areas that increase flooding damage.

From the GISTDA’s data, it has noticed that flooding will occur in Bang
Len district firstly, then it will gradually spread into the South at Don Tum, Nakhon
Chai Si, and Sam Phran, respectively. These areas are the most basins, especially for
Bang Len district. As shown in Table 2.1, the expansion of the blockade building
cause the long period flooding. There are possible solutions, such as 1) Digging the
canals to enhance drainage, 2) Creating a shortcut canal to transfer water from east to
west, 3) Developing a shelter to accommodate the water coming from the north, 4)
Enhancing the dike above the maximum water level and building the water control
tower in the lower areas to prevent water backing to drain, 5 ) Eliminating the
obstruction along the river, including the encroachment buildings, the water hyacinth

along Tha Chin River.

2.4 Geographic Information System (GIS)

Geographic Information System (GIS) is a tool developed to collect,
manage, analyze, and display the real-world’s virtual data for any purpose. With the
coordination system, the data created in the systematic relationships can be both text
and picture (Phattanakiet, 2003).



Table 2.1 Nakornpathom flood impact area (2006 — 2013).

Sub district District Flooded Area (Ral)
2006 2007 2008 2010 2011 2012 2013

Kra Tip 3,621.94 - 240.78 5,019.78 15,606.76 1,069.90 1,440.47
Kam-phaeng Saen 1,041.49 - 35.42 803.00 5,811.82 30.58 552.10
Don Khoi 11,344.46 2,776.71 4,293.12 9,335.54 16,860.16 4,678.49 7,339.38
Thung Kaphanghom 257.05 - - 164.88 1,480.73 - 54.64
Thung Khwang 202.05 - - 34.99 2,002.44 10.52 1151
Thung Bua 1,011.66 - - 1,791.02 4,540.70 301.12 722.32
Thung Luk Nok 2,141.71 - - 2,056.55 5,474.02 507.04 665.80
Rang Phi Kun Kam-phaeng Saen 237.19 - - 416.76 1,169.94 14.03 89.37
Wang Nam Khiao 1,116.21 157.06 35.00 1,250.75 417171 375.57 510.35
Sa Phattha-na 6,717.05 2,430.71 4,970.83 7,864.86 13,153.83 3,758.10 5,350.26
Sa Si Mum 16,997.67 5,859.83 9,210.23 17,208.03 25,856.44 6,240.72 9,761.30
Nong Krathum 1,650.95 - - 1,235.03 4,035.05 680.53 702.80
Huai Khwang 1,729.08 155.17 - 1,340.06 8,313.67 101.02 624.56
Huai Muang 13,824.68 6,324.42 8,577.05 11,974.07 16,590.09 7,508.14 7,945.83
Huai Mon Thong - - - 264.40 1,597.63 34.71 86.48

Kamphaeng Saen Total 61,893.19 17,703.90 27,362.43 60,759.74 126,665.01 25,310.49 35,857.17

"AIUM [OPIYBIAl ‘S3IPMIS "PEIS JO "de

6 / (1uswabeuely ABojouysa] uonewsopul) 9S N



Table 2.1 Nakornpathom Flood Impact Area (2006 — 2013) (cont.).

Flooded Area (Rai)

Sub district District
2006 2007 2008 2010 2011 2012 2013
Don Phutsa 7,207.93 2,823.76 856.56 6,946.95 12,747.61 4,588.76 5,219.01
Don Ruak 2,184.00 429.71 - 2,256.71 5,168.57 807.72 1,118.59
Ban Luang 2,935.23 1,414.16 530.85 2,884.00 4,931.42 1,430.96 1,749.88
Lam Luk Bua 10,923.66 4,579.94 6,738.40 10,367.66 15,373.68 3,632.09 5,966.11
Lam Hoei Don Tum 3,805.06 643.63 794.54 5,428.61 12,010.51 3,413.42 3,630.78
Sam Ngam 4,874.33 1,563.22 1,749.22 5,834.84 12,422.36 1,995.75 3,881.93
Huai Duan 2,066.10 294.26 - 2,402.21 6,588.45 214.72 969.97
Huai Phra 4,933.31 1,049.96 - 4,152.38 10,105.93 1,450.65 2,673.31
Don Tum Total 38,929.62 12,798.63 10,669.57 40,273.36 79,348.52 17,534.07 25,209.58
Khun Kaeo 312.43 78.03 - 224.01 859.65 - 89.99
Khok Phra Che Di 4,527.76 1,151.85 - 2,263.25 377.91 72.88 347.54
Ngio Rai 858.70 64.56 - 889.57 3,077.75 16.08 96.75
Don Faek 4,280.13 1,054.05 - 3,050.74 7,301.90 1,811.99 2,166.29
Tha Kra Chap 1,519.45 327.79 - 1,091.22 105.15 7.97 97.26
Tha Tamnak Nakhon Chai Si 1,047.63 445.06 - 908.87 644.75 - 11.68
Tha Phraya 1,708.40 350.41 - 1,319.07 472.89 51.13 76.03
Thaiyawat 650.27 117.62 - 625.86 2,726.31 49.21 49.21
Nakorn Chaisi 99.29 65.82 - 145.12 541.61 - -
Bang Kra Bao 378.76 123.78 - 197.84 627.45 - 56.71
Bang Kaeo 1,902.74 712.89 - 1,373.42 213.88 13.77 76.75
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Table 2.1 Nakornpathom Flood Impact Area (2006 — 2013) (cont.).

Flooded Area (Rai)

Sub district District
2006 2007 2008 2010 2011 2012 2013
Bang Kaeo Fa 4,139.89 1,591.10 669.10 3,369.85 7,193.07 1,623.69 2,682.21
Bang Phra 3,604.58 1,799.24 1,520.21 3,260.03 4,835.42 2,033.96 2,336.00
Bang Rakam 19,248.86 6,901.02 - 17,516.13 19,079.18 4,722.26 6,418.21
Pha Niat 780.42 135.17 - 907.73 723.78 103.71 76.98
Lan Tak Fa 6,024.84 2,700.78 - 4,712.90 10,478.45 2,702.19 3,058.35
Wat Khae 296.42 173.49 - 368.81 1,015.19 9.13 131.19
Wat Lamut Nakhon Chai Si 5,062.23 1,414.60 1,126.10 4,572.94 9,980.36 2,454.63 3,036.83
Wat Sam Rong 1,472.23 518.82 - 2,087.34 4,517.26 630.29 826.01
Sri Mahapho 2,318.90 239.38 57.11 1,953.46 6,430.86 860.30 1,094.93
Sri Sa Thong 1,348.95 364.96 - 1,356.06 4,303.99 431.22 723.61
Sam Pa Thuan 1,746.90 417.38 - 2,002.25 5,614.99 373.90 731.09
Huai Phlu 3,047.61 461.43 - 1,396.49 6,897.28 762.14 1,140.49
Laem Bua 5,946.89 2,051.78 - 6,373.93 12,318.65 3,211.37 4,832.69
Nakhon Chai Si Total 72,324.27 23,261.02 3,372.52 61,966.87 110,337.71 21,941.83 30,156.80
Khlong Nok Kra Thung 7,742.47 3,240.39 1,447.89 9,732.91 14,272.65 3,915.68 5,417.51
Don Tum 8,320.44 2,814.22 4,174.62 8,261.81 15,120.47 4,017.85 6,394.98
Sai Ngam 17,037.01 9,583.77 8,063.32 20,216.92 22,558.26 12,066.62 14,564.91
Naraphi-rom Bang Len 7,468.34 5,073.15 71.76 13,059.67 21,783.75 9,550.58 8,462.44
Ninphet 16,253.39 9,089.38 9,373.33 23,603.18 25,020.80 15,088.21 16,082.51
Bua Pat Tha 16,501.24 8,496.38 7,209.06 24,580.41 29,488.86 11,487.12 11,911.96
Bang Sai Pa 14,380.60 5,911.97 6,410.62 18,491.89 25,004.37 7,509.16 10,381.62
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Table 2.1 Nakornpathom Flood Impact Area (2006 — 2013) (cont.).

Flooded Area (Rai)

Sub district District
2006 2007 2008 2010 2011 2012 2013
Bang Pla 16,076.56 6,916.10 5,362.19 14,280.11 19,978.47 9,100.94 10,533.74
Bang Pha Si 21,227.29 16,299.89 10,540.56 30,770.48 - 17,303.99 21,767.68
Bang Rakam - - 1,002.75 - 34,926.53 - -
Bang Len 10,771.54 2,992.60 4,429.64 11,344.31 18,776.28 2,406.15 5,111.53
Bang Luang Bang Len 45,662.20 23,005.70 27,196.26 49,546.56 51,490.49 25,343.74 27,761.63
Phai Hu Chang 11,007.93 5,024.85 8,134.65 11,765.37 13,819.57 4,425.31 5,327.13
Lam Pha Ya 5,410.01 1,437.27 225.40 5,748.55 11,670.07 2,174.93 3,578.65
Hin Mun 21,032.18 9,007.26 11,941.14 18,208.67 22,637.08 11,158.16 13,601.34
Bang Len Total 218,891.20 108,892.94 105,583.19 - 326,547.65 135,548.43 160,897.63
Khlong Yong 7,692.35 2,423.19 - 5,833.39 19,335.59 2,479.10 3,643.05
Mahasa-was Phuttha-mon-thon 5,602.36 2,321.48 - 5,354.48 10,447.58 2,144.32 3,377.63
Salaya 5,007.66 1,409.04 - 3,526.88 18,204.30 951.46 2,007.31
Phutthamonthon Total 18,302.37 6,153.71 - 47,987.47 5,574.88 9,027.98 9,027.99
Don Yai Hom 22,049.72 8,718.46 - 16,929.92 1,893.62 539.72 1,950.55
Ta Kong 1,714.17 57.52 - 1,211.38 5,211.49 159.36 652.94
Thanon Khat 4,792.90 1,668.98 - 2,978.82 433.66 182.60 535.74
Thap Luang 404.55 - - 404.87 4,162.49 47.41 196.56
Thung Noi Muiang Nakhon Patfiom 363.96 - - 318.86 2,118.28 - 38.65
Thamsala 111.12 1.88 - 37.86 261.63 0.52 79.58
Nakorn-pathom 883.72 - - 437.54 2,502.58 39.94 327.79
Bo Phlap 52.51 - - 3.23 493.84 - -
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Table 2.1 Nakornpathom Flood Impact Area (2006 — 2013) (cont.).

Flooded Area (Rai)

Sub district District
2006 2007 2008 2010 2011 2012 2013
Bang Khaem 8,846.02 4,323.82 8,183.74 338.48 42.04 287.53
Ban Yang 659.64 - 1,344.21 5,661.84 487.15 604.26
Phra Patom Chedi - - - 92.03 - -
Phra Prathom 24.33 - - 65.17 - 56.72
Phrong Maduea 759.80 100.68 1,291.64 6,522.01 204.70 347.72
Map Khae 901.17 223.46 1,027.48 4,844.37 6.84 336.13
Lam Pha Ya - - - 171.15 - 57.55
Wang Taku 256.57 2,973.13 - 1,490.63 - -
Wang Yen Muang Nakhon Pathom 5,702.41 - 3,898.09 2,036.36 1,070.20 1,976.11
Sanam Chan 664.19 224.30 588.13 64.57 - 0.18
Sa Kathiam 3,899.60 1,450.45 3,360.77 4,241.34 737.22 1,193.33
Suan Pan 327.48 212 240.78 530.05 90.02 275.19
Sam Khwai Phueak 279.86 - 324.12 2,361.34 275.16 11.98
Nong Ngu Lueam 42.77 - 171.13 3,382.64 - 28.16
Nong Din Deang 666.63 92.57 338.81 1,380.96 - 39.92
Nong Pak Long 269.13 45.46 351.32 3,431.35 40.37 238.11
Huai Chorakhe 38.25 - - - - -
Muang Nakhon Pathom Total 53,710.50 19,882.83 43,442.71 53,691.87 3,923.25 9,234.68
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Table 2.1 Nakornpathom Flood Impact Area (2006 — 2013) (cont.).

Flooded Area (Rai)

Sub district District
2006 2007 2008 2010 2011 2012 2013
Kratum Lom 2,002.96 - - 8,095.25 209.66 -
Klong Jinda 351.32 - - 19.16 46.85 - -
Klong Mai 194.08 - - 148.11 247.71 - 15.72
Talad Jinda 6,339.57 1,257.89 - 2,604.88 530.39 29.59 111.68
Thsong Kanong 288.80 145.17 - 666.63 2,891.51 84.60 75.62
Ta Kham - - - - 789.33 - -
Ta Talad - - - - 1,523.51 - -
Bang Krathuk 1,239.86 5.50 - 166.84 4,852.38 72.95 -
Bang Chang Sam-phran : : . . 544.73 . .
Bang Toei 606.07 163.64 - 291.29 3,450.87 - -
Ban Mai - - - - 1,235.29 - -
Yai Cha - - - - 677.28 - -
Rai Khing 137.08 - - - 5,706.59 10.46 -
Sam-phran - - - - 1,365.77 - -
Hom Gret 101.09 - - 161.86 2,485.68 - -
Aom Yai 23.73 - - - 5,450.96 10.02 -
Sam Phran Total 11,284.56 1,572.20 - 4,058.77 39,894.10 417.29 203.03
Nakornpathom Total 475,335.72 190,265.23 146,987.72 484,827.02 784,472.34 210,250.23 270,586.85
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2.4.1 Overlay technique

Overlay Analysis is the multi-layers analysis method. It can fuse the
different types of data, which have the same location or same coordination system.
There are two types of Overlay Analysis. The first is Vector Overlay, which uses the
geometry and the spatial relation together with the condition of Boolean algebra
operators, given as: NOT, AND, OR, and XOR. The second type is Raster Overlay,
which uses images data that displays as the pixels. The Overlay Analysis uses the
mathematic method and operators including plus, minus, multiply, and division

together with Boolean algebra operators.

{'
=

=

Polygon Overlay Grid Overlay

Figure 2.3 Overlay technique.

2.4.2 Surface analysis

Surface Analysis is the data distribution analysis representing as a spatial
data’s third dimension. Normally, the spatial data have coordination as X-axis (Eastern
axis) and Y-axis (Northern axis). An independent data is shown as Z axis, such as
elevation data, temperature, rainfall, chemical intensity and land prices. An output is a
3D-image, represent data variable as surface level. The output can be two type of data.
First is Triangulated Irregular Network (TIN), which is vector data as shown in Figure
2.4. Second is Digital Elevation Model (DEM), which is raster data as shown in Figure
2.5.
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Figure 2.5 Digital Elevation Model (DEM).

2.5 Potential Surface Analysis (PSA)

In 1969, Nottinghamshire and Derbyshire research team developed a
method of Potential Surface Analysis (PSA). It was used to create the city plan in
1970. This method was developed from Sieve Analysis and additional mathematic
method. PSA is the systematical land evaluation technique that develops to find the
suitable areas for a specific activity. With simple methods, it can display the

hypothesis’s impact and changes purpose.
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PSA analysis performed by determining the factors, which are combined
to find a suitable location for the event. To meet the goals, these factors and
parameters on the map are measured with the following steps.

1) Set the purpose of work,

2) Set the objective,

3) Set the indicator for the achievement of objectives,

4) Weight the factors,

5) Identify the area units used in this study,

6) Collect and calculate the factor value in table form,

7) Update the factor data for ratings and weighting,

8) Calculate the final surface from all collected data for each indicator.

The principle of factor weighting, a mathematic model, depends on the
importance averaging. It is used to calculate the mean of intersection area on the map
or overlay area in order to reduce the data duplication. If it is high importance, its
rating score is high. On the other hand, if it is low importance, its rating score is low.

Weighting score must be more than zero. A formula is given as follows:

(S) = (R1W1) + (R2W2) + ... + (Rn.Wh). (2.1)

Where, S = Suitability;
R = factor rating;
W = factor weighting;
N = number of factor;

PSA can be applied in various case studies, such as the Land Capability
Studies for Residential Area. It can be able to describe the step-by-step details as

follows.
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2.5.1 Selection of relevant factors

The factors qualifying are mostly determined by factors relation. In most
cases, the primary factors are involved, given as: The first category’s factors affect the
development of the residential areas. In the physical, these factors are given as the
slope, the slope direction (Aspect), and the various utilities factor of water supply,
electricity, roads, etc. The second category’s factors are the environmental restrictions,
including the current land used, the Erosion of soil, the wastewater treatment system,

the laws in the construction of residential buildings, etc.

2.5.2 Spatial data preparation

Each factor should be converted into a shapefile or the detailed map
having the appropriate attribute and scale. It should be created in the same mapping
scale. Not only checking, but also correcting are the important things before applying

the shapefiles.

2.5.3 Data input and storage in GIS format
Data can be stored in two types of spatial data. First is the Vector Data as a
shapefile. The other is Raster Data as an imagery. The data management as the raster

or the vector structure in GIS system requirement is based on the usage.

2.5.4 GIS data analysis

In this part, it is an assignment of importance in each factor. It consists of
two values as follows.

1) Rating Value is a value that determines how related or how potentiality
the factor is. It is considered by using the relationship aspect ratio (Percentage).
Unrelated factor is defined as zero. The minimum value starts from one, and increases
to the maximum value at a hundred percent. Therefore, the importance value may be
an integer to measure.

2) Weighting Value is a value that determines the importance score of
factor with the same determination process for finding the rating value. This value

must be weighted by the specialist. It is mostly average value.
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Data Manipulation is a calculated process by the potential equation. The
value of Suitability (S) is as already mentioned in Eq. 2.1. Then, the result is separated
into a group and present it as a potential map.

However, there are the constraints to determine the alternatives under the
consideration, including the criteria of each of factors which are so well suited for the
classification. Suitability is the combined rules in terms of the process called Weighted
Linear Combination Process (Voogd, 1983). The equation are given as follows.

S = ZWiXi. (2.2)
Where, S = Suitability;

Wi = Weight of the i-th factor;

Xi = Criterion Score of the i-th factor;

MNon  Poor Fair Excellent

Figure 2.6 The illustration of the Weighted Linear Combination Scale.

From Table 2.2, when all three factors are overlaid, the minimum weight
capability value is 25, and the maximum weight capability value is 180. Because this
information is too large to be distributed, it needs to offer the range of scores with the
hierarchy. The range is determined for dividing the hierarchy by the formation of
range = (maximum - minimum) / number of hierarchy, as shown in Eq. 2.3. In this
case, if we want to divide it into 3 hierarchies, the range equals to (180 - 25) / 3 =51.6

or approximately 51. The hierarchy can be defined as follows.
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Table 2.2 Factor capability table calculate from Rating value and Weighting value.

Factor ) Weighting N
Factor o Rating Value Capability
) Condition @) Scores 5=
=(3)x
) (4)
Stable 10 90
Slope Stability | Moderately 5 9 45
Unstable 0 0
Insignificant 10 40
Erosion
) Moderate 5 4 20
Potential
High 0 0
Forest 5 25
Vegetation Grassland 10 5 50
Scrub 7 35
r=(max—min) /n (2.3)

Where, r =Range;
max = Maximum score;
min = Minimum score;

n = Number of hierarchy;

Low Potential = 25to 76
Moderate Potential = 77 to 128
High Potential = 129 to 180

Furthermore, the method of Boolean constraint is considered. The product
of the constraints is calculated in the process (Eastman et al., 1993), which equation is

given as follows.
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s = IWIC, (2.4)

Where, S = Suitably;
Wi = Weight of the i-th factor;
Xi = Criterion Score of the i-th factor;
[ = Product notation;

Cj= Criterion score (0/1) of the j-th constraint;

The scores of rules are necessary to perform standardization by converting
or transforming the information from a map of the factors provided in a form that is
associated with suitability determination. In this case, it is used to convert a linear

scale as follows.

Xi= (Ri-Rmin) / (Rmax-Rmin) (2.5)
Where, Ri = The i-th raw Score;
Rmax = Maximum of raw score;

Rmin = Minimum of raw score;

The weighting value of each factors may be given with an action of the
right direction. It is called Pairwise Comparison. On the basis of the Eigenvector
Principle, it considers the relationship of the two criteria that involves and affects the
scores calculation of suitable area. The score values are placed in nine scales of values,
as shown in Table 2.3. An example of weighting score for the rating of the potential of
land utilization on the industrial development is given with the Pairwise Comparison

Matrix, as shown in Table 2.4.

Table 2.3 Pairwise Comparison weighting scale.

Less important More important

1/9 177 1/5 1/3 1 3 5 7 9

Extremely  Very  Strongly  Moderately Equally Moderately  Strongly Very Extremely
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Table 2.4 Example of Pairwise Comparison matrix table.

Road Town Slope Settlement Park
Road 1
Town 1/3 1
Slope 1 4 1
Settlement 17 2 1/7 1
Park Ys 2 1/2 4 1

From Table 2.4, each score is summarized for the relationship of the data
in each factor. With the Eigenvector Principle, weighting scores are calculated, as

shown in Table 2.5

Table 2.5 Eigenvector weighting scores.

Factors Weighting Scores
Road 0.33
Town 0.08
Slope 0.34
Settlement 0.07
Park 0.18

It can be easily calculated by using the summation value of the first
Column, which is equal to 2.98. Then, the value of each factor is divided by the
summation value of 2.98. The results show that the Weighting Scores of factors are
given as: 0.335, 0.114, 0.335, 0.046, and 0.167, respectively. Those are closest to the
actual calculated values according to Eigenvector principle. Then, the consistency
ratio is calculated to analyze the fit weight of each factor. It should be noted that the
consistency ratio value cannot be greater than 0.10. If the consistency ratio is more
than 0.10, it should be considered to make up the Weight Scores. In this case,
consistency ratio equals to 0.006. It indicates that the value of weight factor can be
accepted (Saaty, 1977).
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2.6 Related work
Alparslan (2008) developed a GIS model to evaluate the settlement of

suitability upon the disaster mitigation in Bolu, Turkey. By using the geological data,
the remote sensing data, the land utilization data, and the hazard records, the existing
settlement could be evaluated and was founded that the 69.9 percent of the existing
settlement area was the high settlement suitability. Goynuk was the most suitable
town.

Kar (2008) developed a model to determine the suitability site of the
hurricane’s emergency shelter in South Florida. Weight Linear Combination (WLC),
the multi criteria method, was used together with nine factors, including both physical
and social factor variables from government, non-government organization, and
hypotheses, to make a decision in determination of the suitable site. The result was
shown that the large areas in northern counties (Manatee, Hardee, DeSoto, Sarasota,
and St. Lucie) were suitable for the shelter locations. The very small portions of
Charlotte, Glades, Lee, Hendry, Palm Beach, Miami-Dade and Broward counties were
the very high degree of the suitable locations.

Dhanarun ( 2009) studied the factors and causes of flood in Angthong
province. There were nine factors, including the twenty years maximum rainfall
volume, the slope, the height (MSL), the water density, the watershed area, the river
obstruction, the soil’s drainage capacity, the land cover and the flood area records
(during 2002 - 2008). Potential Surface Analysis (PSA) technique was used to analyze
the flood hazard area in order to suggest the prevention and mitigation methods. It was
founded that the 99.23 percent of the province was a high risk of flood area. The
researcher suggested the use of the structural approach and non-structural approach as
flood prevention and mitigation methods.

Liu et al. (2010) studied from Wenchuan Earthquake, occurred in 2008.
There were four principles underlying the selection of emergency shelter sites, given
as: keeping far from Hazard, multi-dimensional plan for mitigation, accessibility of
mountainous region, and considering the versatile building controlled by government.
The parameters judged from expert were use upon these principles to classify the

rupture zones and to analyze a suitable area from the remote sensing data and field
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data. The result showed that the suitable area was along with the banks of a river at
Liulin village, located at the margin of the Leigu Basin.

Tingsanchali (2012) developed the flood disaster management framework.
By using the basic step of risk management, the flood hazard maps were analyzed and
integrated with flood vulnerability map for managing flood in urbanize area. The
result showed as four cyclic strategic frameworks that divided into two major steps as
before and after flood impacts. The before flood impact had two cyclic steps, given as:
preparedness (i.e., forecasting and warning) and readiness upon arrival. The after flood
impact had the rest, given as: emergency response and recovery/rehabilitation.

Chanta et al. (2012) used the geographic information system (GIS)
together with P-Medien problems and the selected shelter site during the flood
disaster. Using this method, the selected buildings were prioritized. Then, those were
used to serve the victims in each area.

Kabir Uddin et al. (2013) used the remote sensing (RS) and the geographic
information system (GIS) to identify both flood risk area and flood shelter suitable
areas. Moderate Resolution Imaging Spectroradiometer (MODIS) imagery was used as
a database. By doing Image Analysis, data were extracted from the image with
reclassification. With preparing the shelters for the suitable slopes from the elevated
dataset and the point density from the settlement dataset, The Euclidean distances
taken from the road and flood dataset were used. Each dataset was reclassified to rank
of the suitable locations for flood shelter. Each raster was assigned for a suitable score
and was weighted then overlaid.

Melgarejo et al. (2014) developed a collective-center suitability index. By
using shelter minimum standard (Sphere), the geographical factor included the flood
risk and the accessibility of the selected infrastructure together with 100 years and
10,000 years flood-risk scenarios to evaluate public infrastructure appropriate in city
of Chi4, Columbia. The result showed that the suitability of collective center near the

Frio River was relatively higher than the evaluated shelter near the Bogota River.
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CHAPTER I
MATERIAL AND METHODOLYGY

The research procedure can be summarized as a conceptual framework, as
follows. By collecting and analyzing data, the five factor are used in Potential Surface
Analysis (PSA) to find the suitable area for flood disaster shelter in Nakornpathom
province. These factors are the population density, the flood history, the flood hazard
risk, the distance from main road, and the slope gradient. All data of topographic maps
digitalized to extract both contour lines and height spots are the secondary data from
government and non-government organizations, such as Geo-Informatics and Space
Technology Development Agency (GISTDA), Royal Thai Survey Department
(RTSD), Office of Natural Resources and Environmental Policy and Planning (ONEP)
and Ministry of Transport. This research is separated into three objectives. There are
the study of Nakornpathom terrain through Digital Elevation Model (DEM), the
analysis of flood risk, and the exploration of the suitable area for flood disaster shelter.
A GIS software is used to analyze data in each objective. In this research, ArcGIS, the
well-known GIS software, is used to analyze data to reach the goal. Arctoolbox, a
toolbox with a variety of GIS’s analytical tools, is easy to manage and analyze the

data.

3.1 Data collection and analysis

The researcher have selected the study site of flood disaster areas in
Nakornpathom province, where are the frequently flooded areas. This research use
GIS multi-criteria decision analysis to allocate the suitable areas for flood disaster
shelter by the application of ArcGIS software and Microsoft excel software to analyze

and summarize results.
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Figure 3.1 The proposed framework.
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3.2 Geographical data of Nakornpathom province

The Geographical factors, such as elevation, slope gradient, and
obstruction, causing many types of flood, are able to devastate the area. For example,
if it has too heavy rain in the steep area, it will cause the flash flood. With the same
situation in the plain area, inundation flood will be occurred. In this research, the
geographical data taken from topographic map are digitized and analyzed to study the

types of hazard that would be occurred in the area.

3.3 Flood hazard risk area

Obtaining Flood Hazard Risk area is an easiest way to speculate for the
impact area. Nakornpathom’s Flood Hazard Risk area is specified by using Office of
Natural Resources and Environmental Policy and Planning (ONEP)’s factors
developed in 1998. It consists of seven factors as follows:

1) Precipitation,

2) Watershed area size,

3) Slope gradient (Percentage),

4) Watershed’s water density,

5) Soil drainage type,

6) Land use,

7) Watershed’s obstruction,

3.4 Mapping the suitable area

For creation of the suitable area map for flood disaster shelter, the four
cyclic of disaster management and knowledge of previous studies are used to
determine factors for the suitable areas analysis. Using Potential Surface Analysis
(PSA), rating and weighting scores of each factor are determined by Department of

Disaster Prevention and Mitigation’s specialists.
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3.5 Methodology
This study, ArcGIS software is used as a tool in the application of PSA, a
GIS’s MCDA model, to find flood disaster shelter suitable areas. The model was

developed by using the data of geographic, population, flood hazard and accessibility.

3.6 Creating the Digital Elevation Model

To reach the first objective, we start with creating the Digital Elevation
Model (DEM). The information taken from the topographic maps (1:50,000) of the
Royal Thai Survey Department (RTSD). Then, the information is digitized into two
shapefiles, including height spot and contour line. It is used together with steam and
Nakornpathom province boundary shapefiles as input data. DEM can be created by the
surface analysis. In this research, ArcGIS software is used to perform this process.
With ArcGIS software, Topo-to-Raster function in Raster Interpolation tool under 3D
Analyst Toolbox is used to generate the DEM. On the setup screen, the input are put
and changed the type for each shapefile. Output cell size is tuned up with the five
meters per pixels. The other setting are set as the defaults. Then, the output are

interpolated. The procedure can be summarized as shown in Figure 3.4.
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Figure 3.2 Topo-to-Raster function.
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3.7 Analysis of Nakornpathom’s flood hazard risk area

In this object, the seven factors of the 30 years average precipitation level,
the watershed area, the slope gradient (Percentage), the watershed’s water density, the
soil type, the land use, and the watershed’s obstruction are used to analyze flood risk
area in Nakornpathom province. These factors, proven by Office of Natural Resources
and Environmental Policy and Planning (ONEP), are associated with the flood hazard.
By using the Overlay Technique with the Weighting and Rating score from ONEP’s
Report, the flood risk area are analyzed. The Union function under Geoprocessing
Menu in ArcGIS software are used to overlay the factors.

Q Uni
File Edit View Bookmarks Insert Selection i’Geoprocessing | Customize Windows VHelp
Deas B L R o | =
R T R o

. . - | #, Intersect
Terrain Preprocessing ~ Terrain Morphology ~ Water‘ il i k Tools~ ApUt
XTools Pro~ | 3] €. Merge
Table Of Contents 2 x # Dissolve
:‘ FROR e @ Search For Tools
= B ArcToolbox
“f\ Environments...
[£] Results
e ModelBuilder
[ Python
|5J] Geoprocessing Resource Center
Geoprocessing Options...

Figure 3.5 Geoprocessing menu.

The Union function is the function of Overlay tool under Analysis Tools in
ArcToolbox. The Union function work as the Boolean logic, it creates a new coverage
shapefile between inputs with all attribute data input. On the setup screen, the inputs
are put. After that, the output directory are set. The other are set as defaults. The

procedure can be summarized as shown in Figure 3.6 — 3.8.
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Figure 3.6 Union setup screen.
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Figure 3.7 Union analysis.
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Figure 3.8 Flood hazard risk analysis flow chart (ONEP).

When the output is completed, Risk Scores are set in range and are
separated into 3 class, given as: high, moderate, and low risk areas. To simplify the
result, the Dissolve function is used to combine the same class of attribute data. After
performing the Dissolve function, the Union function is used with the data of flood
risk areas and boundary as the inputs. With boundary attribute data, the result can be

exported and summarized in the spread sheets file for Microsoft Excel file format.
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- P
s o Y e
= = 2 ) B

INPUT OUTPUT

Figure 3.9 Dissolve analysis.
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3.8 Analysis of flood disaster shelter suitable area

In an analysis of flood disaster shelters for the suitable areas in
Nakornpathom province, the five factors are used as inputs in PSA method. These
factors are given as: the flood history data (2006 — 2013) taken from GISTDA (Geo-
Informatics and Space Technology Development Agency), the flood risk area factors
taken from ONEP (Office of Natural Resources and Environmental Policy and
Planning), the factor of distance from the main road created by the multiple-ring buffer
with the transportation data of MOT (Ministry of Transport), the factor of the slope
gradient data (unit of degree) from DEM extraction, and the factor of population

density from DOPA (Department of Provincial Administration).

w2 < ¢

OUTPUT
DISSOLVE TYPE:
NONE

outrur £ O y )
DISSOLVE TYPE: | PPN y
ALL . ( )

Figure 3.10 Buffer analysis.
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Figure 3.11 Slope extraction.
To perform PSA Analysis, the factor are weighted by specialist of
Department of Disaster Prevention and Mitigation in Nakornpathom Province.

Weighting and Rating are shown in Table 3.1.

Table 3.1 Weighting and Rating scores.

Scores and ranking range

Suitability Weiahti
eigntin Low Medium High Very High
Factors J J g ¥y
) 1) (2 3)
Flood Risk 0.90 - High Moderate Low
Flood History 0.66 >75% 25 -74.9% 0.1-25% 0%
Slope 0.54 >30° 20°—30° 10° - 20° <10°
Distance from
) 0.46 > 3 km. 2 -3 km. 1-2km. <1km.
Main Road
Population )
) 0.44 Not Dense  Less Dense  Medium Dense Dense
Density
Total / Max.
3 0 3 6 9
Score

Adapted from : Melgarejo et al. (2014)

When all factors scores are weighted and rated, the attribute data is
corrected in each factor shapefile. The Union function is used to overlay these factors
again. The procedure can be summarized as shown in Figure 3.12. After overlaying
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process end, the score are summarized, dissolved, and overlaid with the Boundary
shapefile to get those attribute data. To easily summarize the result, the attribute data

is exported to the spreadsheet software, the shapefiles is exported to the map.

Flood Risk
Map

Y

Flood History

Site-Selection

f Flood Disaster
PSA v\ Shelter

Population
Density

Figure 3.12 Analysis of the suitable area flow chart.

3.9 Research tools
In this research, the research tools in operation are classified into two

categories as follows:

3.9.1 Hardware

1) Laptop Computer: CPU 2.4 GHz, RAM 4 GB, Hard disk 750 GB,
Graphic memory 1 GB and other components,

2) Scanner size AO,

3) Printer.
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3.9.2 Software
1) Operation system (OS): Microsoft Window 8.1,
2) GIS application software: ArcGIS 10.1.
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CHAPTER IV
RESULT AND DISCUSSION

The result of an application of GIS for analyzing the suitable areas for
flood disaster shelters in Nakornpathom province by using GIS and PSA technique. In
research, the case study of the great flood of Thailand in 2011 is used to investigate.

The factors are developed from the documents review so that it can fit to
the data, which are collected by government and non-government organization. These
factors are studied and accepted by the specialist involving the topic of thesis. The
output is a suitable area for flood disaster shelter in Nakornpathom.

Suitable areas mapping is the method to evaluate the potential surface. It

demonstrates the area with the ranking sequences of suitable areas for the activities.

4.1 Nakornpathom province’s terrain

In this section, many shapefiles are created by digitization of Thailand
topographic map. It can use together with political boundary and transportation route
as a base map. As mentioned in Chapter III, the four different data, including contour
line, height spot, steam, and boundary of Nakornpathom are also digitized and used to
create a Digital Elevation Model (DEM), as shown in Figure 4.1. For DEM in 3D
figure, the researcher can observe the terrain of Nakornpathom, as shown in Figure

4.2.
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Figure 4.1 Essential data for DEM creation.

From Figure 4.2, Nakornpathom’s area is like a flat plate tilted from upper
left to bottom right. The highest area is mostly in Kampheang Saen district, as shown
in ember red color in Figure 4.2. The lower area is mostly in Bang Len district, as
shown in dark blue color in Figure 4.2. However, the lowest area is shown as the deep
blue spot in Phutthamonton district with one meter above from mean sea level. The
left side of Tha Chin River bank is higher than the right side, because the terrain slips
to the bottom right. In the center of Nakornpathom, Don Tum district area is a kind of
hill, which is surrounded by plain. The word of Don in Thai language means a hill or a
place that is higher than the surrounded areas. Muang Nakornpathom district is 4.5

meters above mean sea level.
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Digital Elevation Model of Nakorn Pathom, Thailand
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Figure 4.2 DEM of Nakornpathom.
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4.2 Flood hazard risk area in Nakornpathom province
In this section, the flood risk areas are analyzed through the flood risk
mapping by using the factor of Office of Natural Resources and Environmental Policy

and Planning (ONEP). There are precipitation, watershed area, slope, water density,

soil type, land use, and obstruction, as descripted in Chapter III.

Table 4.1 ONEP factors.

Weighting Risk Rating ) _
No. Factor Result with Figure
Score Interval Score
> 200 mm. 3
Precipita- 50-200
1 . 7 2
tion mm.
<50 mm. 1
Moderate Risk
W Hich Risk
> 3,000 3
Watershed
1,000 -
2 area 6 2
3,000
(SqgKM.)
< 1,000 1 Low Risk . Lmd
Moderate Risk
W i Risk
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Weighting Risk Rating ) )
No. Factor Result with Figure
Score Interval | Score
<5% 3
Slope
3 5 5-10% 2
(Percent)
> 59, 1 ) Low Risk
Moderate Risk
L QT
<0.5 3
Water
density
4 4 0.5 - 1 2
(per
Watershed)
>1.0 1 ) Low Risk
Moderate Risk
L QT
Draining ;
High
Draining 5
5 | Soil type 3 Medium
Draining |
Low Moderate Risk

. High Risk
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Weighting Risk Rating ) )
No. Factor Result with Figure
Score Interval Score
<20 % 3
Land use
6 | (percentage 2 20 — 40 % 2
of plant)
Low Risk
> 40 % 1 Moderate Risk
B Hich Risk
> 0.6 3
. Obstruction . 02-0.6 )
(SqgKm.)
<0.2 1 Low Risk
Moderate Risk
. High Risk

From Table 4.1, it is found that Nakornpathom comparing with factors is
almost a high risk area. However, the data with the factors of precipitation level,
watershed area and water density illustrate the moderate and low risk area. Then, the
data are overlaid together. The calculated scores are classified into 3 ranks of risks. If
the score is between 57 and 84, it is a high risk area. If the score is between 29 and 56,
it is a moderate risk area. If the score is lower than 29, it is a low risk area. The results
show that Nakornpathom is a high risk area, as shown in Figure 4.3.

From Figure 4.3, the red color indicates the high risk area, and the yellow
color indicates the moderate risk area. This moderate risk area is mostly an urban area
in Muang Nakornpathom and Kamphaeng Saen districts. The summarized area is

shown in Table 4.2.
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Table 4.2 The area of flood hazard risk in Nakornpathom province.

District Moderate Risk | High Risk Total

(Rai) (Rai) (Rai)
NAKHON PATHOM 114,306.78 | 1,223,895.53 | 1,338,202.31
BANG LEN 118.13 354,706.28 354,824.40
DON TUM 1,673.12 93,966.76 95,639.88
KAMPHAENG SAEN 32,016.11 254,288.03 286,304.14
MUANG NAKHON PATHOM 51,511.12 202,280.55 253,791.67
NAKHON CHAI SI 13,640.89 151,380.56 165,021.45
PHUTTHAMONTHON 2,563.85 46,986.18 49,550.04
SAM PHRAN 12,783.56 120,287.18 133,070.73
Total (Rai) 114,306.78 | 1,223,895.53 | 1,338,202.31
Percent 8.54 % 91.46 % 100 %

From Table 4.2, Nakornpathom is almost a total high risk area with 91.46

percent, whereas the rest of 8.54 percent is the moderate risk area. District of Muang

Nakornpathom has the largest area of moderate flood risk with 20 percent of the

district. The second is Kampheang Saen district, which is a high ground at the

northwest of province. Bang Len located near to Don Tum has the least area with the

moderate risk of 0.03 percent of all Bang Len’s area, whereas the rest of 99 percent is

the high risk area.
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Flood Hazard Risk Area of Nakorn Pathom, Thailand
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Figure 4.3 The flood hazard risk areas of Nakornpathom
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4.3 Flood disaster shelter suitable area

After studying the related work in Chapter II, it is found that the criteria of
flood disaster shelter are given as: hazard risk, hazard frequency, disaster continuation,
accessibility, and population density. Each factor informs the different information.
The hazard risk and the hazard frequency indicate the area, which should be avoided.
Disaster continuation indicates the subsequent hazard. Accessibility indicates the
distances and times that are used during evacuation. Population density indicates the
area, which should be considered to build the versatile building. Due to PSA analysis,
many data from trusted public and government agencies are adapted in this work.
These factors are weighted and rated by the DPM officers, who are from both
headquarter and local office. The factors with weighting and rating score can be

summarized, as shown in Table 4.4.

Table 4.3 Adapted PSA factors.

Weighting Risk Rating ) )
No. | Factor Result with Figure
Score Interval Score
Low 3
Moderate 2
Flood
1 . 0.9
risk
High 1
Suitable
Moderately Suitable
- 0 I ess Suitable
B unsuitable
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Weighting Risk Rating ) )
No. | Factor Result with Figure
Score Interval Score
0% 3
0.1-25% 2
Flood
2 0.66
history
25-75% 1
B suitable 4
Moderately Suitable
>75% 0 B 1ess suitable
- Unsuitable
<10° 3
10°-20° 2
Slope
3 P 0.54
(degree) 20° - 30° 1
Legend
B0 suitable
o Moderately Suitable
> 30 0 B 1ess suitable

- Unsuitable
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Weighting Risk Rating L
No. | Factor Result with Figure
Score Interval Score
< 1 km. 3
Distance
1-2km. 2
from
4 ) 0.46
main
2 -3 km. 1
road Legend
Suitable
Moderately Suitable
> 3 kIn. 0 Less Suitable
B unsuitable
High
3
Dense
Medium 5
Popula- Dense
5 tion 0.44
density Low 1
Dense Legend
Suitable
Moderately Suitable
} less Suitable
NOt Dense O - Unsuitable
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Nakorn Pathom, Thailand
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Figure 4.4 The suitable areas for flood disaster shelters in Nakornpathom.
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From Table 4.4, the flood hazard risk is the most influential factor. The
average weighted is 0.9. The inferior factors include the flood history, slope (Degree),
distance from main road, and population density, which are given as 0.66, 0.54, 0.46,
and 0.44, respectively. Due to performing PSA analysis, the weighting score is used
together with rating score by multiplication. The factors results are shown in Table
4.4. The score level for each factor can be classified into 4 ranks, given as: suitable,
moderately suitable, less suitable, and unsuitable. It is shown as a map legend with
multi-colors of green, yellow, orange, and red. Then, all five factors are overlaid. The
results of PSA analysis are shown in Figure 4.4.

From Figure 4.4, the suitability indexes are divided into 5 ranks, given as
very high, high, moderate, low, and very low. The ranking score can summarize, as
follows.

Score level of 7.3 — 9.0 is very high degree;
Score level of 5.5 — 7.2 is high degree;
Score level of 3.7 — 5.4 is moderate degree;
Score level of 1.9 — 3.6 is low degree;
Score level of 0.0 — 1.8 is very low degree.

The dark green color indicates the very high index of suitable area. It is
mostly in Muang Nakornpathom. The light green color area indicates the high index of
suitable areas, which are shown in the map as the large areas along the road in the
south and the northwest of the province. The yellow color area indicates the moderate
index of the suitable area, which is the majority of the province area. The orange color
area indicates the low index of suitable area, which is mostly on the east side of
Nakornpathom. Nakornpathom has no very low index of suitable areas, which is

shown in the map as the red color. The size of the area can be summarized in Table

4.5.
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Table 4.4 Summarize of the suitable areas.
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Very )
o ) High Moderate Low Total
District High ] ) ) )
) (Rai) (Rai) (Rai) (Rai)
(Rai)
NAKHON
31,980.06 | 284,680.87 | 863,565.11 | 157,976.27 | 1,338,202.31
PATHOM
BANG LEN - 1,568.83 | 234,619.62 | 118,635.95 | 354,824.40
DON TUM 50.45 13,300.95 | 78,505.33 3,783.15 95,639.88
KAMPHAENG
1,759.75 73,641.14 | 203,875.76 7,027.49 286,304.14
SAEN
MUANG NAKHON
22,37598 | 77,293.19 | 145,256.81 8,865.69 253,791.67
PATHOM
NAKHON CHAI ST | 2,622.09 | 31,956.74 | 116,603.79 | 13,838.83 165,021.45
PHUTTHAMON-
126.22 16,695.63 26,962.33 5,765.86 49,550.04
THON
SAM PHRAN 5,045.57 | 70,224.39 | 57,741.46 59.31 133,070.74
Total (Rai) 31,980.06 | 284,680.87 | 863,565.11 | 157,976.28 | 1,338,202.31
Percent 2.39% 21.27% 64.53% 11.81% 100.00%

4.4 Evaluation

In this section, the results of PSA are evaluated for finding the suitable

areas for flood disaster shelters in Nakornpathom by comparing with the locations of

the DPM’s existing shelters. There are seven DPM shelters established after the great

flood in 2011, given as: Pra Pathom Chedi, Silpakorn University, Ratchabhat

Nakornpathom University, Aornoi Temple, Kamphaeng Saen Scout Camp, Kasetsart

University, and Kamphaeng Saen Aviation School. These shelters have been selected

by the DPM’s local office. By using Sphere guidelines as the minimum standard for

shelter management and IOM’s collective center guidelines as the shelter management

guidelines, the DPM can select the buildings, which can use as the shelters during

flood disaster. The result is shown in Figure 4.5.
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From Figure 4.5, the seven established shelters are shown, given as: three
of seven shelters are in the dark green zone, three shelters in the light green zone, and
one shelter in the yellow zone. The three shelters in the dark green zone are given as:
Pra Pathom Chedi, Silpakorn Universiy, Ratchabhat Nakornpathom. The three shelters
in the light green zone are Aornoi Temple, Kampheang Saen Scout Camp, and
Kasetsart University. A shelter in the yellow zone is and Kampheang Saen Aviation
School.

The PSA method help to select the area, which is the most potential for the
usage of activity. In this study, the researcher presents only the area that should be
selected. To select the place for establishing the shelter or the collective center, the
area should be considered together with the minimum standard of shelter management.

If it is used together, it will give the best results.

4.5 Discussion

With approaching of any method, it is found that the most suitable area for
establishing flood disaster shelter is located in Muang Nakornpathom district. Because
of the good profile in versatility, accessibility and flood records, this district is the
most suitable area for rescue activity. It is easy to access, because it is easy to transport
between the neighboring cities. It also has many versatile buildings with the complete
public infrastructures. From the GISTDA’s flood record, Muang Nakornpathom is
never be flooded.

However, the other suitable areas, including Don Tum and Samphran
districts, are the high suitable areas (the light green zone), leading to find the place
with the competitive minimum shelter standards to prepare the flood disaster shelters
for people in nearby areas, such as Bang Len, Phutthamonthon, Bangkok, and

Nonthaburi.
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Suitable Area for Flood Shelter in Nakorn Pathom, Thailand
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Figure 4.5 The flood disaster shelters on the suitable areas with the DPM’s existing

shelters.
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CHAPTER V
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

This paper aims to evaluate areas in Nakornpathom province for
establishing the flood disaster shelters. By studying the disaster management and
Nakorn Patathom’s topography, the setup of five factors are approved and weighted by
Disaster Prevention and Mitigation (DPM) officers. For the first part, the data from
Royal Thai Survey Department (RTSD) are collected to create the base map and the
digital elevation model (DEM). For second part, Office of Natural Resources and
Environmental Policy and Planning (ONEP)’s flood risk criteria are used to evaluate
the flood risk areas in the province. For the final part, Potential Surface Analysis
(PSA) is used to define the suitable areas for flood disaster shelters. The obtained
results are a map of the suitable areas for flood disaster shelters in Nakornpathom
province.

Nakornpathom base map is created by digitalizing the shapefiles taken
from RTSD’s topographic map. With topo-to-raster process, DEM is created. The
DEM can be used to generate the slope. The results show that Nakornpathom is a flat
area. The elevation and slope are not much different. The elevation is in range of 1 to
15 meters measuring from the mean of sea level. The slope is in range of 0 (in the
plain) to 12 degrees (in riverbank area).

By using ONEP’s criteria, the flood risk areas in Nakornpathom province
are evaluated. The outputs show that Nakornpathom is totally high risk area with
91.46% of the provincial risked area. The high risk areas are mostly in Bang Len, Don
Tum and Phutthamonthon district. The other of 8.54% are the moderate risk areas of
the urban areas with the clustering area of Muang Nakornpathom, Kamphaeng Saen,
Samphran, and Nakorn Chai Si districts.

The suitable area map for the flood shelters represents the ranking of the

areas in each district. With PSA method, the rankings are evaluated by five factors,
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including the flood risk level, the flood record, the slope (degree), the distance from
the main road, and the population density. The results are shown that the highest rank
of the suitable clustering areas are in Muang Nakornpathom, Nakorn Chaisi,
Samphran, and Kamphaeng Saen districts with 2.39 % of the provincial area. This area
class is majority in Muang Nakornpathom about 70 % of the highest class area. The
high rank areas spread along Petchkaseam road, Borommaratchachonnani road, and
Malaiman road that pose in the South and Northwest of the province. Moreover, the
junction area in central of Don Tum district is also the high rank area with the 21.27 %
of the provincial area. The next area is the moderate rank area, which is about 65% of
Nakornpathom. The rest area is the low rank area with 11.81% of the provincial area.
The 75% of this area type is in Bang Len district.

5.2 Recommendation and future work

The following recommendations for the proposed model are to evaluate
and develop the flood mitigation.

1) The suitable area map of flood disaster should be applied with DPM’s
plan to prevent and mitigate flood, effectively. It should be recombined with the
shelter minimum standard for the right location, which would be established as a
shelter selection.

2) For the model development, it should receive higher scale of height spot
and depth of waterbody to improve the precision of topo-to-raster process.

3) Each shapefile layer should be modernized and integrated with the
multiple agencies to provide the scale and the data portion of the standard.

Moreover, the future works are recommendations for the next research,
given as:

1) The other site selection method and the potential factors of the suitable
areas for other disaster shelters for model efficiency would be the further study.

2) The experimental results ought to be used to the further research as the

case study.
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APPENDIX A
WEIGHTING AND RATING QUESTIONARE

Specialist’s weighting and ratting questionnaire to engage in the research study
Subject: An application of GIS for analyzing suitable area for flood disaster shelter in

Nakhonpathom province, Thailand

Explanation

This questionnaire is created for professionals in the field of disaster relief
and those involved. It aims to explore the weighting and rating scores of the factors
that influence the selection of suitable areas for the establishment of a shelters for
flood victims in Nakornpathom. This questionnaire is a part of the thesis topic: An
application of GIS for analyzing suitable area for flood disaster shelter in

Nakornpathom province, Thailand

The questionnaire were divided into 2 sections, as follows:
1) Respondent’s information

2) Factor’s weight and rate table

Part 1 Respondent’s information

Name Surname

Position Rank
Office / Work place
Department




Fac. of Grad. Studies, Mahidol Univ.

Part 2 Factor’s weight and rate table

M.Sc. (Information Technology Management) / 59

This table is separated into two part.

1) Factors must be weighted in 1 to 5 ranking as follows:
5 = Highest, 4 = High, 3 = Moderate, 2 = Low, and 1 = Lowest.

2) 2. Factors must be rated between 0 to 3 as follows:

3 = Appropriate, 2 = Moderate, 1 = Less suitable, and 0 = Non-Suitable.

Please, put the weighting and rating score in a table below.

Factors

Weighting Score

Rank

Rating Score

Distance from main
road

<1 km.
1-2 km.
2-3 km.
>3 km.

Slope gradient

<10°
10° - 20°
20°- 30°

>30°

Flood risk Area

Non risk
Low risk
Moderate risk
High risk

Flood history (8 Years)

Never

1-2timein 8 Years
3 -5timein 8 Years
6 — 8 time in 8 Years

Population density
(sub district)

High
Medium
Low
Not crowded

Thank You for Your Kindness
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Abstract

Flood disaster shelter is a safe place to stay during flood. This research aims to study
the topography, flood risk area and suitable area for flood disaster shelter in Nakhonpathom
province. By using Geographic Information System (GIS) to create Digital Elevation model
(DEM) and define flood risk zone. The results was showed that Nakhonpathom has a difference in
height of between 1 to 15 meters from mean sea level. The area generally has a slope from the
north to the south and from the west to the east. In the central has Ta-Chine River run from north
to south. The lowest area is located in Putthamonthon district, in the southeast. The highest area is
located in Kamphaeng-saen district, in the northwest. High flood risk area are about 91.46 percent
of province area. Most of them are located in Bang-lane district (354,706.28 rai) that almost total
of Bang-lane. It followed respectively by Kamphaeng-Saen district and Nakorn Chai-Si district.
Moderate flood risk area are 8.54 percent of province area. Nakornpathom province have no low
flood risk area. Then the result of PSA showed, the most suitable area for flood disaster shelter are
14.74 percent of province area. It is majority located in Kamphaeng-Saen (68,344.87 rai) and
Muang district (63,805.55 rai), followed by Samphran and Nakorn Chai-si district. It placed in a
line along Phetkasem road, Malaiman road and transportation routes to the south and west sides.
The moderate suitable area are 51.17 percent next to the most suitable area, followed by low
suitable area are 31.54 percent of province are. 2.55 percent of province area are not suitable area
that mostly located in Bang-lane district and the other district except Samphran district.

Keywords: GIS, Suitable area, Shelter, Flood
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