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ABSTRACT 
 The objective of this study was to evaluate landslide risk area in Uttaradit 

province using the Geographic Information System integrated with Potential Surface 

Analysis and logistic regression model. In additional, the models comparing with 

actual landslide occurrence were also identified. 

            It was found that landslide risk area, manipulated by Potential Surface 

Analysis using maximum daily rainfall 30 years return period has shown landslide risk 

area and non-landslide risk area of 1,731.36 km2 (23.06%) and 5,778.77 km2 

(76.94%). Meanwhile the landslide risk area manipulated by logistic regression model 

using actual rainfall intensity on 22 May 2006 has shown landslide risk area and non-

landslide risk area of 3,207.34 km2 (42.7%) and 4,302.8 km2 (57.29%). The overall 

accuracy of the prediction by Potential Surface Analysis comparing with the 

prediction by logistic regression model was 68.11% and Kappa index was 0.36. In 

addition, the landslide risk area manipulated by Potential Surface Analysis comparing 

with actual landslide area on 23 May 2006 has shown the overall accuracy of 80.09% 

and Kappa index was 0.60. Meanwhile landslide risk area manipulated by logistic 

regression model comparing with actual landslide area on 23 May 2006 has shown the 

overall accuracy of 66.76% and Kappa index was 0.34. 

             Thus, landslide risk area identification using Potential Surface Analysis is 

more appropriate than landslide risk area identification by logistic regression model. 

  
KEY WORDS : PSA/ LOGISTIC REGRESSION/ PREDICTION/ LANDSLIDE  
                          RISK ASSESSMENT/ UTTARADIT PROVINCE 
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การประยุกตใชแบบจําลองการวิเคราะหศักยภาพเชิงพ้ืนที่และสมการถดถอยลอจิสติกเพ่ือการประเมินพ้ืนที่เสี่ยง
ตอการเกิดแผนดินถลมในจังหวัดอุตรดิตถ  
(APPLICATION OF POTENTIAL SURFACE ANALYSIS AND LOGISTIC REGRESSION MODEL FOR 
LANDSLIDE RISK ASSESSMENT IN UTTARADIT PROVINCE) 
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บทคัดยอ 
 การศึกษาครั้งน้ีมีวัตถุประสงคเพ่ือประเมินหาพื้นที่เสี่ยงตอการเกิดดินถลมในจังหวัดอุตรดิตถ โดยการ
ใชระบบสารสนเทศภูมิศาสตร รวมกับแบบจําลองการวิเคราะหศักยภาพเชิงพ้ืนที่ และสมการถดถอยลอจิสติก 
รวมถึงเปรียบเทียบผลลัพธที่ไดจากสมการกับพ้ืนที่ที่เกิดเหตุการณจริง 
            ผลจากการศึกษาพบวาพ้ืนที่เสี่ยงตอการเกิดแผนดินถลมที่ไดจากการวิเคราะหศักยภาพเชิงพ้ืนที่โดยใช
ปริมาณนํ้าฝนรายวันสูงสุดยอนหลัง 30 ป จําแนกเปนพ้ืนที่เสี่ยงตอการเกิดดินถลม และพ้ืนที่ที่ไมเสี่ยงตอการเกิด
แผนดินถลม เทากับ 1,731.36 ตร.กม. และ 5,778.77 ตร.กม. คิดเปนรอยละ  23.06 และ 76.94 ของพื้นที่ ในขณะที่
พ้ืนที่เสี่ยงตอการเกิดแผนดินถลมที่ไดจากสมการถดถอยลอจิสติกโดยใชปริมาณนํ้าฝนที่เกิดขึ้นจริงในวันที่ 22 
พฤษภาคม 2549 จําแนกเปนพ้ืนที่เสี่ยงตอการเกิดดินถลม และพื้นที่ที่ไมเสี่ยงตอการเกิดแผนดินถลม เทากับ 
3,207.34 ตร.กม. และ 4,302.8 ตร.กม. คิดเปนรอยละ 42.7 และ 57.29 ของพื้นที่ คาความถูกตองของการทํานายที่
ไดจากการวิเคราะหศักยภาพเชิงพ้ืนที่เปรียบเทียบกับการทํานายที่ไดจากสมการถดถอยลอจิสติก เทากับ 68.11% 
และดัชนี Kappa เทากับ 0.36 พ้ืนที่เสี่ยงตอการเกิดแผนดินถลมที่ไดจากการวิเคราะหศักยภาพเชิงพ้ืนที่เปรียบเทียบ
กับพ้ืนที่ที่เกิดแผนดินถลมจริงเมื่อวันที่ 23 พฤษภาคม 2549 มีคาความถูกตองของการทํานายเทากับ 80.09% และ
ดัชนี Kappa เทากับ 0.60 ในขณะที่พ้ืนที่เสี่ยงตอการเกิดแผนดินถลมที่ไดจากสมการถดถอยลอจิสติกเปรียบเทียบ
กับพ้ืนที่ที่เกิดแผนดินถลมจริงเมื่อวันที่ 23 พฤษภาคม 2549 มีคาความถูกตองของการทํานายเทากับ 66.76% และ
ดัชนี Kappa เทากับ 0.34 
             จากผลดังกลาวสรุปไดวาการประยุกตใชการวิเคราะหศักยภาพเชิงพ้ืนที่มีความเหมาะสมในใชประเมิน
พ้ืนที่เสี่ยงมากกวาการใชสมการถดถอยลอจิสติกในการทํานาย  
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CHAPTER I 

INTRODUCTION 
 

 

1.1 State of the Problem 

 

Natural hazards in Thailand are recently concerned such as forest fire, 

flooding, and landslide according to the change of climate and weather. Especially 

landslide which often occurs together with flood nearby steep slope area that causes 

large of catastrophe. The serious incident which lead to further landslide studies in 

particulars is the flood and landslide occurrences in the south of Thailand on 

November, 1988. The occurrence caused disaster to 14 provinces with 363 deaths, 10 

loses, 2,022 people were injured and financial loss about 6,472 million bath. 

Consequently, the hazards encouraged any of involved offices to investigate in details 

of causes and factors that triggered the landslide. Selected area for sample is Baan 

Kratoon Nhuea, Amphoe Phipoon in Nakornsrithammarat province (1). After the 

occurrence, landslides continue took place many areas in Thailand. Deal with 

economics growth and rising of population numbers, the desirable has become 

overpopulated then people began expanding their residence areas on hillslopes. 

Construction and agriculture have destabilized others causing many of steep terrains 

unstable. 

 

Landslides can be found in mountain topography comprised of granite rocks, 

unstable steep slope and uncovered hillslope (2) triggered by rainfalls and any kind of 

land shaking such as earthquake, exploding or man-made constructing. With these 

causes, nowadays, Geographic Information System (GIS) which has become as a 

famous technology for environmental management since it is easily for updating the 

dynamic information and it can be used in variety objects, is used to assess the hazard 

for the study. Its technology provides a key resource for disaster mitigation and 

emergency management. GIS is used on PCs at an affordable cost to aid all aspects of 
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disaster management, including land-zoning decisions, warning of residents and 

routing of emergency vehicle (3). The digital database, field surveying and people 

participation are combined together to figure out the result and management 

 The selected area of this research is Uttaradit province, one of the 5 provinces, 

Uttaradit, Prae, Nan, Lampang, and Sukhothai, that had recently natural hazard 

occurrence in the north of Thailand during on May 21st to 23rd, 2006 by influence of 

low air pressure path through the lower of northern Thailand caused heavy rainfall 

around the mountain range of Uttaradit, Sukhothai and Prae.  Maximum rainfall was 330 

mm in Lablae district, Uttaradit. The province was the most damaged from both flooding 

and landsliding, 37 people lost and 66 died, 430 houses were whole damaged and 2,646 

were partial, and financial loss hundreds million baht (4). This study applied with two 

different methods to figure out the landslide hazard area, one was using Potential 

Surface Analysis (PSA), a physical model which is basic and famous method in the 

country, and logistic regression analysis, a statistical model. Both of the two models 

were employed with Geographic Information System (GIS). The result of the study 

will be in form of risk area map and attribute data to generate suitable way to prevent 

and mitigate the hazard in the study area and other. 

 

1.2 Objectives 

 

The objectives of this study are: 

1. To identify landslide risk area in Uttaradit province  using GIS technology  

integrated with appropriate model. 

2. To compare landslide risk area applied by Potential Surface Analysis and 

logistic regression model. 

 

1.3 Scope of the Study 

 

Uttaradit is a province located in northern Thailand. The study area covers both 

effected and non-effected area from landslide in the province. 

This study is aimed to find environmental factors which affect to landslide and 

formulate the appropriate model to assess landslide risk area in the province. The 
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factors will be used for the study are only physical factors. The selected models for the 

study are Potential Surface Analysis (PSA) and Logistic Regression integrated with 

GIS technology to identify the potential site. 

 

1.4 Conceptual Framework 

 

 Landslide review is through secondary data and some relevant researches. The 

concern factors are composed of maximum rainfall intensity, slope, geology, land use 

and water drainage in soil. The two models, Potential Surface Analysis (PSA) and 

Logistic Regression, will be employed into Geographic Information System (GIS) to 

identify the landslide risk area in form of risk area map. Conceptual framework is 

shown in Figure 1.1.  

Physical factors 
- maximum rainfall 

intensity 
- slope 
- geology 
- landuse/ land cover 
- soil drainage 

GIS 

Actual landslide 
occurrence Potential Surface Analysis 

(PSA) 

Logistic regression model 

Landslide risk area 

Comparison the accuracy of the models 

 
Figure 1.1 Conceptual framework 
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1.5 Expected results 

 

The results of the study will be: 

1. Deriving the factors affecting landslide in Uttaradit province. 

2. Map of potential landslide risk area in the study area.  

3. The suitable model for predicting landslide area in Uttaradit province. 
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CHAPTER II 

LITERATURES REVIEW 
 

 

2.1 Description of study area 

 

2.1.1 Administrative 

Uttaradit province is located in the lower region of the north of  

Thailand covers 7,838.592 square kilometers (4,889.120 rai). The area lies between 

latitude 17º 37’ N and 19º 30’ N and longitude 100º 05’ E and 101º 11’ E with 763 

meters height above mean sea level (5). 

 

  The North Prae province and Nan province 

The South Pisanulok province 

  The West Sukhothai province 

 The East Pisanulok and the Democratic Republic of Laos 

 There are 9 districts in Uttaradit province as Muang, Ban Khok, Fak 

Tha, Tha Pla, Nam Pat, Lublae, Thong Saen Khan, Tron, and Phichai district as shown 

in Figure 2.1 (6). 

 

2.1.2 Topography 

There are mountains with abundant forest and headwater in the north of  

the province. The foothills plateau areas are suitable for orchard plantation such as 

durian, longan and tamarind. The river basin in southern of the area are plentiful for 

agriculture especially rice farming (5). 

 

2.1.3 Population 

 Uttaradit province has 469,253 populations at December, 2006 as male 

by 230,677 and female by 238,576. Population density is 60 persons per km2, the 
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densest district is Muang district by 114 persons per km2 and the lowest  is Ban Khok 

district by 14 persons per km2 (5). 

 
Figure 2.1 The administrative boundary in Uttaradit province. 

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.                   M.Sc.(Technology of Environmental Management) /  
 

7

2.1.4 Landuse 

From GIS database (7) showed that land use in the province consist of  

paddy field, hill evergreen forest, dry evergreen forest, deciduous dipterocarp forest, 

mixed deciduous forest, disturbed forest, field crop, built-up area, miscellaneous area, 

orchards, plantation forest, and water body.  

 

2.1.5 Natural Resource 

 Natural resources in Uttaradit province are divided into 3 types as 

follows (5): 

1) Water resource  

- Watershed: Surface water: Main stream in Uttaradit province 

are Nan river and Nam Pat river. The tributaries from both rivers are Khlong Tron, 

Nam Sum, Huay Sai Khaow, Huay Luek, Huay Mun, Nam Rid, and Khlong Mae 

Prong. Nan river, a perennial stream, is the most important surface water for 

consumption and agriculture with water allocation by Sirikit reservoir.  Sirikit 

reservoir, a large irrigation project in Uttaradit province, is located in Tha Pla district. 

The dam has multipurpose such as for agriculture, electric power production, and 

flood mitigation in the lower of the north and the center region of Thailand. The 

reservoir store 10,550 million m3  

2) Forest resource 

 Forests in Uttaradit province can be classified in to 3 categories as 

mixed deciduous forest, evergreen forest and red wood forest. The economic woods 

are teak wood and mixed deciduous woods.  

3) Mineral resource 

 Some minerals in Uttaradit province are marl, antimony, ferrous, 

manganese, copper, gypsum, talc, asbestos, marble, and limestone.    

 

2.1.6 Climate 

Uttaradit province is influenced by the northeast and the southwest  

monsoon makes high humidity and temperature. Southwest monsoon starts to blow 

from the middle of May to the middle of October. This wind brings moisture from 

Indian Ocean and turns into rainfall in the area. Northeast monsoon blows through the 
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area from the south of the Siberia between the middle of October to February. The 

wind pass Main Land China to Thailand and makes cool air in dry season. After this 

period, hot season starts from the middle of February to the middle of May. The 

average temperature is 35°c (2)(5).  

 

2.2 Geographic Information System (GIS) Technology   

 

 Geographic Information System (GIS) is developed tools or procedures 

for effective data storage, data analysis and data presentation through real conditions 

by referencing with geographic coordinates (Geo-reference or Coordinate System) for 

using in difference objectives. Referenced information under the same coordinate, will 

be in form of attributes and pictures, is systematically built (10).   

 GIS can be either manual (analog) or automate (digital) (11).  Nowadays 

GIS are preferred organizes and exploits digital map data stored in database. In GIS, 

the real world is describe using digital map data, which define positions in space, and 

attribute data, which usually consist of alphanumeric lists of characteristics and, 

frequently, temporal information describing when the other data are valid in time. 

Logical links between geometric entities may also be described, including road 

connections, common property boundaries and the like. Attribute data may be 

converted to graphic symbols presented together with other data on a map. 

Conversely, the GIS may be implemented so that attribute data can be retrieved merely 

by moving a pointer to a symbol on a screen display and keying in a command. In 

GIS, geometric data and attribute data are usually separated, in software hierarchy. 

Identical identifiers in the two databases facilitate matching for retrieval and 

processing (9).  

 Stored GIS data do not resemble the visual presentations of traditional 

maps. GIS data are usually stored in databases in ways that permit new insights, 

particularly into the relationships between dissimilar entities. Therefore, the types, 

positions and interrelationships of all entities must be known before relationships are 

determined. 

 Databases are vital in all Geographic Information Systems. A database is 

a comprehensive collection of related data stored in logical files and collectively 
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processed, usually in tubular form. A Database Management System (DBMS) is 

essentially software that manipulates, i.e. imports, stores, sorts, retrieves data in a 

database.  

 Graphical Representation of Objects 

 Graphical information on objects may be entered in terms of points, lines, 

and areas. 

1) Points: a point is the simplest graphical representation of an object. 

Points have no dimensions but may be indicated on maps or displayed  

on screens by using symbols. The corner of a property boundary is a typical point, as 

is the representative co-ordinate of a building. That said, it is of course the scale of 

viewing which determines whether an object is defined as a point or an area. In a large 

scale representation a building may be shown as an area whereas it may only a point 

(symbol) if the scale is reduces. 

2) Lines: lines connects at least two points and are used to represent  

objects which may be defined in one dimension. Property boundaries are typical lines. 

So are electric power lines and telecommunications cables. Roads and rivers, on the 

other hand, may be either lines or areas, depending on the scale. 

3) Area: areas are used to represent objects defined in two dimensions. 

A lake, an area of woodland or a township may typically be represented by an area. 

Again, physical size in relation to the scale determines whether an object is 

represented by an area or by a point. 

   An area is delineated by at least three connecting lines, each of which  

comprised of points. In databases, areas are represented by polygons, i.e. plane figures 

enclosed by at least three straight lines intersecting at a like number of points. 

Therefore, the term polygon is often used instead of area. 

    Reality is often described by dividing it into regular squares or 

rectangles so that all objects are described in terms of areas. This entire data structure 

is called a grid. Population density is well suited to grid representation. Each square or 

rectangle is known as a cell and represents a uniform density or value. The result is a 

generalization of reality, depending on cell size. 

 All cells of a grid in a data model or a database are of uniform size and 

shape, but have no physical limits in the form of geometric lines. 
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2.3 Landslide  

 

2.3.1 The Recognition of Landslide 

 

                      Landslides are movements of rock and soil along slip surfaces. They are 

associated with a disturbance of the equilibrium that normally exists between stress 

and strength in material resting on slopes under the influence of gravity (12)(13)(14). 

Since the gravitational forces are always acting on a mass of soil or rock beneath a 

slope. The relationship between stress and strength is determined by factors such as 

the height and steepness of the slope and the density, strength cohesion and friction of 

the material on the slope. Hillslope instability occurs when the strength of the material 

comprising the slope is exceeded by a downslope stress. The shear strength of the 

material is the maximum resistance to shear stress and depends on (3): 

1) Increase in driving force 

  Factors that increase the driving forces on a slope may be either 

physical or human and include: 

a. An increase in slope angle, which may occur if a stream erodes  

the bottom of a slope or if the slope is steepened by building work. 

b. Removal of lateral support at the foot of a slope, again caused  

either by natural processes or by building activity. 

c. Additional weight place on the slope by the dumping 

of waste or by house construction. Residential development not only adds weight to 

the slope through the buildings themselves but also through excess water supplied 

from landscape irrigation or seepage from swimming pools and sewage system. 

d. Removal of vegetation either from wildfires or through 

human activities such as logging, overgrazing or construction. Surface materials 

become looser because of the loss of soil binding by roots and the slope is also more 

exposed to the erosive action of surface water through the loss of plant cover. 

e. Local shock and vibration that can occur naturally from seismic  

activity or from the operation of heavy construction machinery. 

2) Decrease in shear resistance 

  Factors lead to the reduction in the shear resistance on a slope are: 
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a. An increase in pore-water pressure in the slope materials.  

This explains the close relationship that exists between shallow-seated landslides, 

debris flows and rainstorms. Unfortunately, the detailed interaction of rain water and 

soil behavior is complex and it remains difficult to predict landslides on a site-specific 

basis. In unsaturated material that is not totally dry, the internal voids or pores will be 

filled with gas (air and water vapor) and some liquid water. If the slope then 

experiences additional loading, perhaps as a result of building construction, the 

mineral grains will be able to slide into a more compact arrangement. Such 

compression increases the soil density and additional strength will result. However, if 

there is shear resistance to a denser configuration due to water in the void space, and 

rapid surface loading occurs relative to the permeability of the soil, then the additional 

load is transferred into the pore water causing an increase in the pore-water pressure. 

In turn, this reduces the friction component of strength and downslope movement may 

occur. 

b. An increase in slope angle often occur when slopes are over- 

steepened by cutting into the base, a process which increase the driving force. 

c. Weathering processes, which promote the physical and chemical  

breakdown of slope materials. 

 

2.3.2 Types of Landslides 

      The various types of landslides can be differentiated by the kinds of 

material involved and the mode of movement. A classification system based on these 

parameters is shown in Table 2.1. Other classification systems incorporate additional 

variables, such as the rate of movement and the water, air, or ice content of the 

landslide material (15).  

Although landslides are primarily associated with mountainous regions, 

they can also occur in areas of generally low relief. In low-relief areas, landslides 

occur as cut-and-fill failures (roadway and building excavations), river bluff failures, 

lateral spreading landslides, collapse of mine-waste piles (especially coal), and a wide 

variety of slope failures associated with quarries and open-pit mines.  
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Table 2.1 Types of landslides. (Abbreviated version of Varnes' classification of slope 

movements (Varnes, 1978) (15). 

Type of material 

Engineering soils 
Type of movement 

Bedrock Predominantly 

coarse 

Predominantly 

fine 

Falls Rock fall Debris fall Earth fall 

Topples Rock topple Debris topple Earth topple 

Rotational 
Slides 

Translational 
Rockslide Debris slide Earth slide 

Lateral spreads Rock spread Debris spread Earth spread 

Debris flow Earth flow 
Flows 

Rock flow 

(deep creep) (soil creep) 

           Complex                 Combination of two or more principal types of movement 

 

1)  Slides: Although many types of mass movements are included in 

the general term "landslide," the more restrictive use of the term refers only to mass 

movements, where there is a distinct zone of weakness that separates the slide material 

from more stable underlying material. The two major types of slides are rotational 

slides and translational slides.  

     a.   Rotational slide: This is a slide in which the surface of rupture is 

curved concavely upward and the slide movement is roughly rotational about an axis 

that is parallel to the ground surface and transverse across the slide.  

     b.  Translational slide: In this type of slide, the landslide mass 

moves along a roughly planar surface with little rotation or backward tilting. A block 

slide is a translational slide in which the moving mass consists of a single unit or a few 

closely related units that move downslope as a relatively coherent mass.  

  2)  Falls: Falls are abrupt movements of masses of geologic materials, 

such as rocks and boulders, that become detached from steep slopes or cliffs. 
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Separation occurs along discontinuities such as fractures, joints, and bedding planes, 

and movement occurs by free-fall, bouncing, and rolling. Falls are strongly influenced 

by gravity, mechanical weathering, and the presence of interstitial water.  

3) Topples: Toppling failures are distinguished by the forward rotation 

of a unit or units about some pivotal point, below or low in the unit, under the actions 

of gravity and forces exerted by adjacent units or by fluids in cracks . 

4) Flows: There are five basic categories of flows that differ from one 

another in fundamental ways.  

   a. Debris flow: A debris flow is a form of rapid mass movement in 

which a combination of loose soil, rock, organic matter, air, and water mobilize as a 

slurry that flows downslope. Debris flows include <50% fines. Debris flows are 

commonly caused by intense surface-water flow, due to heavy precipitation or rapid 

snowmelt, that erodes and mobilizes loose soil or rock on steep slopes. Debris flows 

also commonly mobilize from other types of landslides that occur on steep slopes, are 

nearly saturated, and consist of a large proportion of silt- and sand-sized material. 

Debris-flow source areas are often associated with steep gullies, and debris-flow 

deposits are usually indicated by the presence of debris fans at the mouths of gullies. 

Fires that denude slopes of vegetation intensify the susceptibility of slopes to debris 

flows. 

                        b. Debris avalanche: This is a variety of very rapid to extremely rapid 

debrisflow. 

                        c. Earthflow: Earthflow have a characteristic "hourglass" shape. The 

slope material liquefies and runs out, forming a bowl or depression at the head. The 

flow itself is elongate and usually occurs in fine-grained materials or clay-bearing 

rocks on moderate slopes and under saturated conditions. However, dry flows of 

granular material are also possible.   

                        d. Mudflow: A mudflow is an earthflow consisting of material that is 

wet enough to flow rapidly and that contains at least 50 percent sand-, silt-, and clay-

sized particles. In some instances, for example in many newspaper reports, mudflows 

and debris flows are commonly referred to as "mudslides." 
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e. Creep: Creep is the imperceptibly slow, steady, downward movement 

of slope-forming soil or rock. Movement is caused by shear stress sufficient to 

produce permanent deformation, but too small to produce shear failure. There are 

generally three types of creep: (1) seasonal, where movement is within the depth of 

soil affected by seasonal changes in soil moisture and soil temperature; (2) continuous, 

where shear stress continuously exceeds the strength of the material; and (3) 

progressive, where slopes are reaching the point of failure as other types of mass 

movements. Creep is indicated by curved tree trunks, bent fences or retaining walls, 

tilted poles or fences, and small soil ripples or ridges. 

5) Lateral spreads: Lateral spreads are distinctive because they usually 

occur on very gentle slopes or flat terrain. The dominant mode of movement is lateral 

extension accompanied by shear or tensile fractures. The failure is caused by 

liquefaction, the process whereby saturated, loose, cohesionless sediments (usually 

sands and silts) are transformed from a solid into a liquefied state. Failure is usually 

triggered by rapid ground motion, such as that experienced during an earthquake, but 

can also be artificially induced. When coherent material, either bedrock or soil, rests 

on materials that liquefy, the upper units may undergo fracturing and extension and 

may then subside, translate, rotate, disintegrate, or liquefy and flow. Lateral spreading 

in fine-grained materials on shallow slopes is usually progressive. The failure starts 

suddenly in a small area and spreads rapidly. Often the initial failure is a slump, but in 

some materials movement occurs for no apparent reason. Combination of two or more 

of the above types is known as a complex landslide.  

2.3.3 Landslide Problems  

 

As long as landslides occur in remote area, unpopulated regions, they are 

treated as just another denudation process sculpting the landscape, but when they 

occurred in populated regions, they become subjects of serious study (16). In 

Thailand, landslides caused a lot of catastrophe for human living and their properties 

as shown in Table 2.2. 
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Table 2.2 Landslide occurrence records in Thailand between 1988-2005  

Locations Date Losses 
Ban Kratoon Nheua, Amphoe 

Phipoon, Nakornsrithammarat 

province 

November 22nd, 

1988 

-  230 people injured and died. 

-  1,500 residences were damaged and  

    agricultural areas lost over 6,150 rai.  

Ban Keereewong, Amphoe Lan 

Saka, Nakornsrithammarat 

province 

November 22nd, 

1988 

-  12 people died. 

-  152 residences lost and 210     

   damaged. 

King Amphoe Khoa 

Kitchakood, Chantaburi 

province 

July 30th, 1999 -  Villagers moved out of the area before    

    the occurrence. 

-  Residences, livestocks and agricultural  

    Areas were vast destroyed. 

Ban Tharnthip, Tambon Boong 

Nam Tao, Amphoe Lomsak and 

Ban Pho Ngern, Amphoe 

Meung, Petchaboon province 

September 11th, 

2000 

-  10 people died and 2 disappeared. 

-  363 residences were damaged, a lot of  

   livestocks and agricultural areas were  

   ruined.   

Amphoe Wang Chin, Prae 

province 

May 4th, 2001 -  43 people died and 4 disappeared. 

-  170 residences were ruined. 

Tambon Nam Kor, Amphoe 

Lom Sak, Petchaboon province 

August 11th, 2001 -  136 people died 109 wounded and 4    

   disappeared 

-  411 residences were part-destroyed and  

   188 were no remains.  

Ban Nam Mae Raek, Amphoe 

Mae Chaem, Choiangmai 

province 

September 15th, 

2002 

-  180 families moved out of the area     

    before  the landslide occurred. 

-   Mae Chaem-Hot Rd. were damaged 

Ban Kong Bord, Moo 11, 

Tambon Pang Hin Fon, Amphoe 

Mae Chaem, Chiangmai 

province 

May 6th, 2004 -  1 people died. 

-  3 houses were damaged  

Tambon Mae Ramard, Tambon 

Mae Teun, Tambon Khane Jue 

and Tambon Jarao, Amphoe 

Mae Ramard, Tak province. 

May 20th, 2004 -  5 people died 

-  200 houses were all damaged and 191   

   were partly destroyed 

Tambon Mae Teun, Tambon 

Mon Jong and Tambon Yang 

Piang, Amphoe Om Koi, 

Chiangmai province 

May 20th, 2004 

-  400 people of 14 villages were trouble.    

   1 dead and 1 was severe.  

-  169 houses were partly damaged. 2  

    roadways were separated.  

Source: Department of Mineral Resources, 2006  
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Table 2.2 Landslide occurrence records in Thailand between 1988-2005 (cont.) 
Locations Date Losses 

Ban Sob Khong, Moo 10, 

Tambon Mae Suad, Amphoe 

Sob Meay, Mae Hong Sorn 

province 
May 22rnd, 2004 

-  4 people were injure and more than 800  

   animals were lost.  

-  14 residences were crashed. 10 

buildings    

   of Long Pae Wittaya School were   

   damaged  

Moo 6, Tambon Mae Ka, 

Amphoe Fhang, Chiangmai 

Province 

July 26th, 2004 

-  66 households were damaged 

Tambon Mhork Jum Pae, 

Amphoe Meung, Mae Hong 

Sorn province 

September 16th, 

2004 

-  Ban Huay Kharn-Ban Rak Thai route 

and  

   Ban Tob Sork-Ban Huay Makhuea Som   

    route were obstructed. 

Amphoe Long, Prae province September 14th, 

2004 

- Roadways and drain pipes were buried.  

Ban Pa Pae, Amphoe Mae 

Sariang, Chiangmai province September 19th, 

2004 

-  Highway no.108, Mae Sariang-

Chiangmai   

   was obstructed 

 

Sook Ruthai village, Tambon 

Tah Torn, Amphoe Mae Eye, 

Chiangmai province 

September 19th, 

2004 

-  1 person was injured. 

-  1 house was damaged 

Ban Khao Toong, Ban Huay 

Som, Moo 1, Tambon Khao 

Krarm, Amphoe Meung, Krabi 

province 

October 17th, 2004 

-  3 people died and 1 was injured. 

-  25 residences were damaged 

Amphoe Pang Ma Pa, Mae 

Hong Sorn province 
August 19th, 2005 

-  5 people died 

-  the whole of 15 houses were destroyed 

-  3 highways were damaged and   

   agricultural areas lost over 4,513 rai 

Source: Department of Mineral Resources, 2006  

 In 2006, there was the large flooding and landslide occurred in northern 

Thailand during May 21st to 23rd by influence of low air pressure path through the 

lower of northern Thailand. The occurrence made 5 provinces devastated, Uttaradit, 

Prae, Nan, Lampang, and Sukhothai. The most damaged area were scattered in 5 
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districts of 3 provinces as Lablae, Tha Pla and Muang district (Uttaradit province), 

Srisatchanalai district (Sukhothai province) and Muang district (Prae province). There 

were 77 people died, 39 lost. There were 555 houses entire damaged and 3,009 were 

partial damaged . 

 

2.4 Potential Surface Analysis (PSA) 

  

 Potential Surface Analysis (PSA) is a technique to analyze potential of area 

development. It was first used  in Nottinghamshire and Derbyshire sub-region study in 

1969 to systematically analyze potential of sub-region development with quantitative 

data by determining relevant index or factor (10).   

 The steps of PSA process is shown below: 

1) Identify goals 

2) Identify study objectives 

3) Identify indicator for achievement 

4) Weighting of objectives 

5) Identify study area 

6) Collect data 

7) Adjust value of data to be agreed with weighting and objectives   

8) Calculate for final surface value 

Weighting each factor will be done to calculate the average area of intersection  

in map boundary. Weighted value is high while a factor is significant; on the contrary, 

a value is lower while factor is lower significant but must not lower than 0. The basic 

equation of PSA is shown as follows: 

   S = (R1×W1) + (R2×W2) + … + (Rn×Wn) 

 While  S = score of potential 

  R = rated value of each factor 

  W = weighted value of each factor 

  n = number of factor for analysis 

   Applying with GIS, spatial data preparation is data of various 

relevant factors in the form of map with appropriated order and details. It is usually the 

same ratio. Furthermore, data must be verified and modified before implementation. 
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 Data input and storage in GIS format is data management as raster or vector in 

specific GIS. The data analysis is done to identify value of factor for calculation by 

identifying 2 significant components as follows: 

  -  Rating value is defined as way to identify degree of value of 

association level of components or monor factor of major factor through percentage 

which assigned level without or potential at 0. The least value initiated at  1 to the 

most association of 100 percents.  

  -      Weighting value is to specify value of major factor which effected 

or related to capacity in the support of land utilization. Identification of weighting 

value is based on the same principle as rating value data manipulation which has been 

calculated with appropriate equation. 

 After a calculation is done, a simple famous statistic method to present the 

result is using range value to classify the potential class. Data presentation is prepared 

by grouping calculation to be presented as area map. 

 

2.5 Logistic Regression 

 

 Although a great number of variables used in geographical research in both 

human and physical geography can be measured on metric or enumerated scales, there 

are instances in which the level of measurement is at the normal or ordinal classified 

level. In such cases, when the dependent variable is expressed as a dichotomous 

variable (at least in the first instance), the ordinary multiple regression model is 

inappropriate as a method for evaluating the fit of the model. In human geography, 

especially, dichotomous categorizations may be important. For example, when survey 

methods have been used, and responses are record as yes or no, it is important to be 

able to evaluate the probabilities of those categorical responses. But the technique is 

not limited to human geography when the presence or absence of some physical 

response can be evaluated against a set of independent variables. The logistic model is 

one that specifies a functional relationship between a basically dichotomous dependent 

variable and either categorical (classified) or metric scaled independent variables. 

Thus, it is a special case of the multiple regression model designed to deal with the 
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situation when we have only the measurement of presence or absence, occurrence or 

nonoccurrence of some factor (17). 

 At first thought, it might appear appropriate to simply enter the data with a 

binary dependent variable and carry out an ordinary least-squares solution for the 

equation 

Ŷi  =  b0 + biXi + … + bnXn 

 

 However, this solution will produce two problems. First, the application of 

ordinary least squares to that equation with a binary dependent variable will violate the 

assumption of equal variance. As Wrigley (1976) shows, the error variance is not 

constant but depend on the values of the explanatory variables themselves. Thus, we 

have the problem that the parameters estimate from the ordinary least-squares solution 

(OLS) are not the best estimators (in the sense of having minimum variance) of the 

population parameters ß0, ß1 and ß2. 

 The second problem relates to the restrictions on the dependent variable. If we 

utilize OLS procedures, the predicted values from the regression equation will not be 

restrict to the range 0 to 1. The prediction generated from an ordinary least-squares 

solution are unbounded and can take on variable from -∞ and +∞. Thus, any prediction 

from the model will almost certainly be greater than the range of values for the 

dependent variable and will not have any natural probability interpretation. This 

second problem requires that we reformulate the multiple regressions model into a 

form in which Ŷ (predicted Y) can take on the values 0 and 1, and yet the independent 

variables can vary continuously; and the error term will be normal. In order for this to 

occur, the estimated values of Y, must lie between 0 and 1.  

 When the dependent variable (Y) has dichotomous characteristic such as 

occurred (Y=1) or non-occurred (Y=0), the relationship with predictor variable (X’s)  

will be logistic function as S-shape as shown in figure 2.2 (25) 
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0

1(Y,Dependent variable) 

(X,Predictor variable) 
 

Figure 2.2 Logistic function 

 

 The basic equation of logistic function is shown below: 

 

 P(Y)             =  1/1+e-f(x) 

For example  P(Y)     = 1/1+e-(b
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While   P(Y)             = probability of event Y 

 e             = exponential function (e≈2.71818) 

 f(x)       = function of predictor variable 

hypothesis :      PY  = probability of event (Y=1) 

    QY  = probability of non-event (Y=0) 

   Z  = linear combination of predictor variable 

    = b0+b1x1+ b2x2+ …+ bkxk 

 Then     PY  = 1/1+e-Z  = eZ/1+eZ        ………..(1) 
   QY  = 1- PY  = 1-( eZ/1+eZ) ………..(2) 

 

From the equation (1) and (2), Odd ratio of event Y can be calculate as  

shown below 

  P  = Odd ratio 

    = PY/QY   

= PY/1-PY = eZ
        ………...(3) 
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The equation (3) can be transform into linear regression model by taking 

Natural Logarithm (ln)  

ln(PY/1-PY)  = ln(eZ) = Z 

then logit(p)   = b0+b1x1+ b2x2+ …+ bkxk 

 

2.6 Classification methods in Arcview 

 

Natural Breaks 

This is the default classification method in ArcView. This method identifies 

breakpoints between classes using a statistical formula (Jenk’s optimization). This 

method is rather complex, but basically the Jenk’s method minimizes the sum of the 

variance within each of the classes. Natural Breaks finds groupings and patterns 

inherent in your data. 

Quantile 

In the quantile classification method, each class contains the same number of 

features. Quantile classes are perhaps the easiest to understand, but they can be 

misleading. Population counts (as opposed to density or percentage), for example, are 

usually not suitable for quantile classification because only a few places are highly 

populated. You can overcome this distortion by increasing the number of classes. 

Imagine the difference, for example, if five classes are used in the chart instead of 

three. Quantiles are best suited for data that is linearly distributed; in other words, data 

that does not have disproportionate numbers of features with similar values. 

Equal Area 

This method classifies polygon features by finding breakpoints so that the total 

area of the polygons in each class is the approximately the same. (ArcView determines 

the total area of the features that have valid data values.) Classes determined with the 

equal area method are typically very similar to Quantile classes when the sizes of all 

the features are roughly the same. Equal Area will differ from Quantile if the features 

are of vastly different areas. 
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Equal Interval 

The equal interval method divides the range of attribute values into equal sized 

sub-ranges. Then the features are classified based on those sub-ranges. The equation of 

equal interval is shown below. 

 

Maximum value – Minimum value 
Range =

Suitability level 

 

 

Standard Deviations 

When you classify data using the standard deviations method, ArcView finds 

the mean value and then places class breaks above and below the mean at intervals of 

either 1/4, 1/2, or 1 standard deviations until all the data values are contained within 

the classes. ArcView will aggregate any values that are beyond three standard 

deviations from the mean into two classes, greater than three standard deviations 

above the mean ("> 3 Std Dev.") and less than three standard deviations below the 

mean ("< -3 Std. Dev."). 

 

2.7 The Kappa Statistic  

The Kappa statistic is used to measure the agreement between two sets of 

categorizations of a dataset while correcting for chance agreements between the 

categories. The advantage of the Kappa statistic is that it corrects for chance 

agreements between the observed and predicted values In terms of landscape ecology 

and wildlife habitat analysis, this statistic is especially useful for estimating the 

accuracy of predictive models by measuring the agreement between the predictive 

model and a set of field-surveyed sample points. The Kappa statistic makes use of 

both the overall accuracy of the model and the accuracies within each category, both 

in terms of the predictive model and the field-surveyed sample points, to correct for 

chance agreement between categories.  

This concept can best be understood by viewing the predictive model values 

and the field-surveyed values in an error matrix as show in figure 2.3. 
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In this matrix, the rows represent the predicted values while the columns 

represent the observed values. Each cell represents the number of sample points that 

were classified as i and observed to be j. The diagonal (where i = j) represents cases 

where the predicted value agreed with the observed value. The off-diagonal cells 

contain misclassified values, and the row and column describe exactly how those 

values were misclassified. 

 

 

Figure 2.3 An error matrix 

 

The row totals are the number of sample points classified into category i by the 

producer’s classification model, and are calculated as: 

∑
=

=
k

j
iji nn

1
 

The column totals are the number of sample points classified into category j by 

the user’s field tests, and are calculated as: 

∑
=

=
k

i
ijj nn

1

 

The Kappa statistic provides a measure of agreement between the predicted 

values and the observed values, and is calculated as (sensu Congalton and Green 

1999:50): 
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Model Accuracy  

The overall accuracy of the model is simply defined as the total number of 

correct classifications divided by the total number of sample points, and is calculated 

as:  

n

n
accuracyOverall

k

i
ii∑

== 1  

The overall accuracy is often the only accuracy statistic reported with 

predictive landscape models (Congalton and Green 1999:46), but the error matrix 

provides a means to calculate numerous additional metrics describing model 

performance. In particular, accuracies of each category from both the model’s (or 

producer’s) perspective and the observer’s (or user’s) perspective may be useful in 

determining model performance. The producer’s accuracy reflects the proportion of 

sample points correctly classified as X over the number of points observed to be X, and 

is calculated as:  

j

jj

n
n

Accuracysoducer
.

'Pr =  

The user’s accuracy reflects the proportion of sample points correctly classified 

as X over the number of points predicted to be X, and is calculated as:  

.

'
i

ii

n
n

AccuracysUser =  

Classification Considerations  

This extension calculates the accuracy of a predictive model developed using a 

particular classification system and a set of reference sample points. Not surprisingly, 

the choice of classification system can greatly influence the classification accuracy. 

Congalton (1991) discusses several guidelines that should be followed when 

developing an effective classification system.  
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1) All areas to be classified should fall into one and only one category.  

2) All areas should be classified. No areas should be left unclassified.  

3) If possible, use a hierarchical classification system. If necessary, two or  

more categories may be collapsed into a single, more general category. This may be 

necessary if you are unable to achieve your minimum accuracy requirement using the 

original set of categories.   

4) Recognize that some standard classifications may be fairly arbitrary and you  

may do better to use natural breaks in the data. For example, continuous values like 

canopy closure, tree density or basal area are often separated into categories based on 

artificial breakpoints (e.g., Class A = 25% - 50% Canopy Closure, while Class B = 

51% - 75% Canopy Closure, etc.). If your data cluster around a breakpoint, then your 

classification system will not capture a possibly important phenomenon.  

Slocum et al. (2005) provides some insights regarding how to implement the 

Fisher-Jenks algorithm for determining natural breakpoints within a dataset. As a 

shortcut, both ArcView and ArcGIS implement a version of the Fisher-Jenks 

algorithm in their legend-generation tools and therefore you can easily identify 

breakpoints using the legend editor.  

Sample Point Considerations  

Congalton and Green (1999:11-25) review sample size and sample design, and 

this extension includes tools to calculate sample size necessary to meet a desired 

accuracy level according to their guidelines (see p. 35 of this manual). As a general 

rule of thumb, Congalton and Green recommend a minimum of 50 sample points per 

category, increasing to 75-100 sample points per category if you have large numbers 

of categories (> 12). This may be an obvious point, but under no circumstances should 

you completely fail to sample any of the classification categories. It is difficult to 

estimate the classification accuracy of a particular category if you don’t ever check 

whether that category was correctly classified. 

Adjusting for Locational Uncertainty  
Locational uncertainty is a commonly unacknowledged source of error. A GIS 

assumes locations are perfectly precise and accurate, and the classification value at a 
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particular sample point may be extracted simply by checking the cell value of the 

classification grid or polygon intersected by the sample point.  

2 x 2 Presence/Absence Models  

Many researchers design a study to generate a simple two-category 

presence/absence predictive habitat model. In this case, the full error matrix is 

identical to the basic confusion matrix, and the “overall” weighted average statistics 

may not be suitable to the researcher. More often, the researcher will be interested in 

the statistics describing either the “presence” or the “absence” category.  

For example, the researcher may be interested in the sensitivity and specificity 

of the two-category model. With only 2 categories, the sensitivity of the “presence” 

category is equivalent to the specificity of the “absence”, and vice versa. Thus, 

“overall” weighted average sensitivity and specificity will be the same value. 

 Interpreting K value 

 Landis and Koch (18) have proposed the standards for strength of agreement 

for the kappa coefficient as shown in Table 2.3. In addition, the magnitude of kappa is 

affected by factors such as the weighting applied and the number of categories in the 

measurement scale. 

Table 2.3 Standards for strength of agreement for the kappa coefficient  

K Interpretation 

< 0 No agreement 

0.0 – 0.20 Slight agreement 

0.21 – 0.40 Fair agreement 

0.41 – 0.60 Moderate agreement 

0.61 – 0.80 Substantial agreement 

0.81 – 1.00 Almost perfect agreement 
Source: Landis and Koch (18) 
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2.8 Relevant Research 

 

Boonthong (19) researched the fundamental factors of landslide hazard in  

Chanthaburi province using geo-informatics technology. The objective of the study is 

to form criteria for identifying susceptible indices in the risky region. The high 

resolution satellite after-the-event photos are used in mapping the former disastrous 

areas. The map was overlaid with the physical mapping data indicating factors which 

mainly cause the landslide. The results of the overlaying of the disaster map shown 

that the sensitive physical factors to the landslide can be classified into two groups that 

is internal and external factors. The main factor causing the slide is steep slope of the 

topography and the others are granitic geology type, land use, and soil characteristic. 

The external factor for the region is only precipitation differ from another regions that 

are effected by earthquake or windstorm. Return period of precipitation was calculate 

to predict the probability of rainfall in the future, to determine the risk for landslide. In 

the study, LSI formula was used to figure out the landslide susceptibility indices value 

for the area.  

 

 Lerd (20) studied the risk classification for landslide at Phipun district, 

Nakorn Si Thammarat province by using remote sensing. The study used satellite 

image (with Themetic Mapper; TM system) on March 4th, 1990 scale 1:250,000 for 

landuse classification and to find the damaged area as base map and satellite image on 

March 28th, 1992 scale 1:50,000 from Department of Cartography to study landuse on 

the landslide area after the occurrence. There were 6 dependent variables to create the 

model, geology, soil, slope, landform, rainfall, and landuse using Stepwise Regression. 

The equation of the study was 

Log Y     = 1.3285-0.0101X1-0.1021X2+0.9178X3+0.5189X4- 

    0.8939X5+0.3213X6 

  or     Y    = 101.3285-0.0101X1-0.1021X2+0.9178X3+0.5189X4-0.8939X5+0.3213X6 

        The R2 was 0.6538 at statistical significant level 99%. The result can be 

concluded that opened area has more chances for landslide than covered area such as 

orchard and forest area respectively. The landslide almost occurred on granitic 

mountain and if coupled with complex slope or more than 35% of slope the most 
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violence will occur. The study notified that there was less landslide with precipitation 

600-700 mm than 500 mm because there is more rain on top of mountain and flow to 

hillslope then the accumulated makes landslide. 

  

  Tanavud and Navanugraha (21) used GIS to approach landslide hazard 

assessment in Phuket province. The landslide hazard map for Phuket province was 

developed using the weighting and ranking technique of Pachauri and Pant (1992). 

The assessment based on geological and biophysical factors, viz., bedrock, rainfall, 

slopes, land use and elevation. These factors were therefore selected as input data for 

assessing using ArcInfo GIS. It should be noted that the landslide hazard areas 

identified in this study are consistent with the location where landslide scarring was 

found after the September 2004 storm event. Results showed that 32 percent of 

Phuket’s total land area is subject to high landslide hazard, Mostly lie on steep slopes 

in Pa Tong, Kammala, Sa Khu and Karon Sub-districts.  

  Lee and Evangelista (22) studied for landslide susceptibility mapping 

using probability and statistics models in Baguio city, Philippines. The study applied, 

verified and   compared a probability model, a frequency ratio and statistical model, a 

logistic regression to the city using Geographic Information System (GIS). Landslide 

locations were identified in the area from interpretation of aerial photographs and field 

surveys; and a spatial database was constructed from topographic maps, geology and 

land cover. The factors that influence landslide occurrence, such as slope, aspect, 

curvature, distance from drainage and terrain mapping unit were calculated from the 

topographic database. Lithology and distance from fault were extracted and calculated 

from Landsat TM satellite imagery. The relationship between the factors and the 

landslides were calculated using frequency ratio and logistic regression models. The 

relationships, frequency ratio and logistic regression coefficient, were overlaid to 

determined each factor’s rating for landslide susceptibility mapping. Then the 

landslide susceptibility map was compared with know landslide locations and verified. 

The logistic regression model had higher prediction accuracy (80.01%) than the 

frequency ratio model (78.42%). 
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  Lei and Jing-Feng (23) applied double logistic regression to analyze the 

relationship between the categorical or binary response variable and explanatory 

variables. The entire study area was first analyzed. The logistic regression showed that 

elevation, proximity to road, river and residential area are main factors triggering 

landslide occurrence in this area, almost all areas are in high landslide susceptibility 

zone. Some non-landslides are incorrectly divided into high and medium landslide 

susceptibility zone. In order to improve the status, a second logistic regression was 

done in high landslide susceptibility zone using landslide cells and non-landslide 

sample cells in this area. In the second logistic regression analysis, only engineering 

and geological conditions are important in these areas and are entered in the new 

logistic regression equation indicating that only areas with unstable engineering and 

geological conditions are prone to landslide during large scale engineering activity. 

Taking these two logistic regression results into account yields a new landslide 

susceptibility map.  

 

Gorsevski, P.V. et al. (24) studied road related and non-road related landslide 

hazard for a large geographical area using logistic regression integrated with 

Geographic Information System (GIS) and remote sensing data to implement on the 

Clearwater National Forest (CNF) in central Idaho. The approach is based on explicit 

and quantitative environmental correlations between observed landslide occurrences, 

climate, parent material, and environmental attributes while the receiver operating 

characteristic (ROC) curves are used as a measure of performance of a predictive rule. 

The modeling result suggest that development of two independent models for road 

related and non-road related landslide hazard was necessary because spatial prediction 

and the predictor variables were different for the regression model. 

Copyright by Mahidol University



Napathida Hunhaboon                                                                                      Materials and Methods /  30

CHAPTER III 

MATERIALS AND METHODS 

 

 

3.1 Materials 

 
3.1.1 Hardware 

1) Micro computer (PC) Pentium IV Speed 2.8 GHz Duo core/ RAM 

1024 MB / VGA 256 MB 

2) Printer 

 

3.1.2 Software 

1) GIS software : ArcView and ArcGIS  

2) Microsoft Office 2003 

 

3.1.3 Data 

 The secondary data are collected from government offices,  

academic institutes and website service providers. The data are comprised of the 

followings: 

1) Relevant documents and researches 

2) GIS Databases of the study area are from the Department of  

Environmental Quality Promotion (DEQP). 

3) Rainfall data of the study area are from the Department of  

Meteorology. 

4) Map of landslide scar on 22 May 2006 of the Department of  

Mineral Resources 
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3.2 Methods 
 

3.2.1 Masking unconsidered areas 

 The unconsidered area in this study is water body area. Masking process 

will be operated by using erase feature command in Arcview.  

 

3.2.2 Applying Potential Surface Analysis (PSA) Model integrated with 

Overlay Technique 

 

The method was widespread used in vary field of urban and  

environmental management using caused factors of the events only physical factors to 

identify the risky area.  

 

1) Factor selection  

According to the collected information determined with the  

researches on hazard zonation analysis  of the Office of the Natural Resources and 

Environmental Policy and Planning (ONEP) (7), there were 5 factors used for 

landslide risk area assessment as daily rainfall, slope, geology, landuse, and soil 

drainage. 

2) Data collection and preparation 

a.  Daily rainfall data derived from Department of Meteorology 

year 1977-2006 then interpolate into spatial data.  

b. Slope data derived from digital slope map of Department of 

Environmental Quality Promotion scale 1:50,000. 

c. Geology data derived from digital geology map of 

Department of Environmental Quality Promotion scale 1:50,000.  

d. Landuse (land cover) data derived from digital data of  the 

Office of the Natural Resources and Environmental Policy and Planning (ONEP) scale 

1:50,000. 

e. Soil drainage derived from soil map of Department of 

Environmental Quality Promotion scale 1:50,000  

3) Rating Values Assignment – Weighting Factor 
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There are 2 conditions of the factors for analyzing by the Overlay 

Technique, weighting factor and rating factor, assign the value by relevant research 

and specialist. The assigned values for the study are shown in Table 3.1.    

 

Table 3.1 Weighting-rating value for the study area. 

Factors Characteristics weighting rating 

> 110 mm./day 4 

101-110 mm./day 3 

91-100 mm./day 2 

Maximum daily 

rainfall intensity 

0-90 mm./day 

5 

1 

> 30% 4 

16-30% 3 

6-15% 2 
Slope 

0 – 5% 

4 

1 

Granite rocks/ coarse igneous rocks  4 

Metamorphic igneous rocks /sedimentary 

rocks  
3 

Fine igneous rocks /shale  2 

Geology  

Sedimentary  

3 

1 

Crop field/paddy field (hill area) 4 

Orchard 3 

Forest  2 
Land use/ land cover 

Paddy field (plain area) 

2 

1 

Excessively and well drainage 4 

Moderate drainage 3 

Poor drainage 2 

Soil drainage 

 

Very poor drainage 

1 

1 

Modified from: The Office of Natural Resources and Environmental Policy and Planning (ONEP) 

 

4)  Applying Overlay Technique with GIS 

Use the assigned values apply with GIS to calculate for the  

potential landslide risk area with Weighting Linear Total Equation as shown : 
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eellggssslslrr RWRWRWRWRWRWS +++++=   

Where:  S = potential risk score of the study area 

     Wr = weighted value of rainfall intensity         

Rr = rated value of rainfall intensity               

Wsl = weighted value of slpoe 

Rsl = rated value of slope    

Wg =   weighted value of geology 

Rg =     rated value of geology   

Ws =   rated value of soil drainage      

Rs  =    weighted value of soil drainage 

   Wl =   weighted value of land use 

Rl = rated value of land use  

   

5)  Landslide potential risk area classification  

.    Equal interval classification was selected to identify the potential risk 

area into 4 levels as very high, high, moderate and low potential level.  

6) Create the landslide potential risk map using ArcView. 

 

3.2.3 Applying Logistic Regression integrated with Overlay Technique 

 

 Logistic Regression was selected to find the relationship between 

predictor variables and criterion variable. Steps of landslide assessment using logistic 

regression model integrated with GIS can be defined through the following steps show 

in figure 3.1:  
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Interpolate actual rainfall 
data of 22 May 2006 

Overlay 
technique 

+

Present of landslide 

landuse 

geology 

soil 

rainfall 

slope 

Existing landslide scar 

Landslide risk map area 

Logistic Regression 

Data sampling  

Landslide map with all factors  

 
Figure 3.1 Step of landslide assessment using logistic regression model integrated   

                  with GIS in Uttaradit province 

 

 1.  Identifying factors 

  Factors for logistic regression in this study was used as well as in 

PSA model which were 5 factors as maximum daily rainfall intensity, slope, geology, 

landuse, and soil drainage. 

2. Finding logistic regression model  for landslide assessment  

Combine all factors including existing of landslide to gain landslide map  

which has all value of the factors. Input sample data to Microsoft Excel integrated 

with logistic regression function. 

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.                   M.Sc.(Technology of Environmental Management) / 35

3. Landslide potential risk area classification  

Quartile classification was selected to identify the potential risk  

area into 4 classes as very high, high, moderate and low potential level using ArcView 

as shown below. 

 

3.2.4 Measure the agreement between landslide risk area identified by  

PSA and logistic regression model 

 

 This process was operated using the pairwise comparison technique and kappa 

statistic to measure the agreement and compare the accuracy between the landslide 

risk map obtained from PSA and logistic regression model. The error matrix was used 

to identify overall accuracy of this study. To calculate the agreement and accuracy, the 

equations for assessment are shown as follows (24):   
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CHAPTER IV 

RESULTS  
 

 

The results of landslide risk area assessment in Uttaradit province through 

Potential Surface Analysis and logistic regression model applied with GIS technology 

can be described as follows; 

4.1 Result of masking the unconsidered area. 

4.2 Result of applying Potential Surface Analysis (PSA) integrated with GIS  

technology to identify landslide risk area. 

4.3   Result of selected sample points to use in logistic regression analysis. 

4.4   Result of applying logistic regression model integrated with GIS  

technology to identify landslide risk area. 

 4.5 Result of measure agreement between landslide risk area identified by 

Potential Surface Analysis and logistic regression model. 

4.6 Result of accuracy assessment of Potential Surface Analysis in landslide 

risk area assessment. 

4.7 Result of accuracy assessment of logistic regression model in landslide risk 

area assessment. 

4.8 Comparison of accuracy assessment of Potential Surface Analysis and 

logistic regression model in landslide risk area assessment. 

 

4.1 Result of masking the unconsidered area. 

 

After masking the unconsidered area which is water body area, the considered 

areas are 7,510.13 km2. The considered area and unconsidered area are shown in 

figure 4.1. 
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Figure 4.1 The considered area and unconsidered area in Uttaradit province. 
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4.2 Result of applying Potential Surface Analysis (PSA) integrated with GIS  

technology to identify landslide risk area. 

 

Landslide risk area identification using Potential Surface Analysis (PSA) has  

been mostly operating based on the reference of the Office of Natural Resource and 

Environmental Planning. The parameters which utilized in this process are including  

maximum daily rainfall 30 years return period, slope, geology, landuse or land cover 

and soil drainage. 

The result of landslide risk area using PSA applied with GIS is shown in Table 

4.1 and Figure 4.2. It can be indicated as follows: 

1. Very high potential landslide risk area covers the least proportion of land 

area in Uttaradit province only 118.29 km2 (1.58%). Main area of the risk is in Lublae, 

Fak Tha and Mueng district respectively as shown in Table 4.2. 

2. High potential landslide risk area covers 1,613.07 km2 (21.48%). The high 

potential risk area of landslide is scattering around the province especially in Tha Pla, 

Fak Tha and Mueng district respectively as shown in Table 4.3. 

3. Moderate potential landslide risk area covers the most proportion of land  

area in Uttaradit province 4,974.27 km2 (66.23%). The moderate risk area of landslide 

is scattering around the province especially in Tha Pla, Nam Pat, Pichai and Ban Khok 

district respectively as shown in Table 4.4. 

4.  Low potential landslide risk area covers 804.50  km2 (10.71%). The low  

potential landslide risk area is mostly in Nam Pat, Thong San Khan and Ban Khok 

respectively as shown in Table 4.5. 

Table 4.1 Output of landslide risk area assessment in Uttaradit province applied by 

Potential Surface Analysis identified by equal interval classification. 

Landslide risk level Area (km2) Percentage 

Very high potential area 118.29 1.58 

High potential area 1,613.07 21.48 

Moderate potential area 4,974.27 66.23 

Low potential area 804.50 10.71 

Total 7,510.13 100.00 
Remark: Data analysis based on vector format
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Figure 4.2 Landslide risk area assessment in Uttaradit province applied by Potential 

Surface Analysis identified by equal interval classification. 
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Table 4.2 Area of very high potential landslide risk each district in Uttaradit province 

ordered by descending area. 

 Very high potential 

District Area (km2) Percentage 

% Of  

considered area 

Lublae 66.28 56.03 0.88 

Fak Tha 23.87 20.18 0.32 

Muang 15.20 12.85 0.20 

Tha Pla 7.47 6.31 0.10 

Ban Khok 2.91 2.46 0.04 

Nam Pat 2.05 1.73 0.03 

Phichai 0.34 0.29 0.00 

Thong Saen Khan 0.17 0.14 0.00 

Tron 0.00 0.00 0.00 

Total 118.29 100.00 1.58 
Remark : Data analysis based on vector format 

Table 4.3 Area of high potential landslide risk each district in Uttaradit province 

ordered by descending area. 

 Very high potential 

District Area (km2) Percentage 

% Of  

considered area 

Tha Pla 426.49 19.66 5.68 

Fak Tha 366.67 18.83 4.88 

Muang 230.51 12.87 3.07 

Lublae 206.97 12.29 2.76 

Ban Khok 163.91 11.66 2.18 

Nam Pat 109.25 9.53 1.45 

Thong Saen Khan 82.09 6.33 1.09 

Phichai 21.14 5.35 0.28 

Tron 6.04 3.48 0.08 

Total 1,613.07 100.00 21.48 
Remark : Data analysis based on vector format 
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Table 4.4 Area of moderate potential landslide risk each district in Uttaradit province 

ordered by descending area. 

 Moderate  potential 

District Area (km2) Percentage 

% Of 

considered area 

Tha Pla 978.03 19.66 13.02 

Nam Pat 936.66 18.83 12.47 

Phichai 640.31 12.87 8.53 

Ban Khok 611.12 12.29 8.14 

Thong Saen Khan 579.77 11.66 7.72 

Muang 473.93 9.53 6.31 

Fak Tha 315.12 6.33 4.20 

Tron 266.28 5.35 3.55 

Lublae 173.05 3.48 2.30 

Total 4,974.27 100.00 66.23 
Remark : Data analysis based on vector format 

Table 4.5 Area of low potential landslide risk each district in Uttaradit province 

ordered by descending area. 

 Low potential 

District Area (km2) Percentage 

% Of 

considered area 

Nam Pat 381.00 47.36 5.07 

Thong Saen Khan 141.64 17.61 1.89 

Ban Khok 129.37 16.08 1.72 

Tha Pla 76.77 9.54 1.02 

Muang 44.96 5.59 0.60 

Fak Tha 30.76 3.82 0.41 

Tron 0.00 0.00 0.00 

Phichai 0.00 0.00 0.00 

Lublae 0.00 0.00 0.00 

Total 804.50 100.00 10.71 
Remark : Data analysis based on vector format 
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4.3 Result of selected sample points to use in logistic regression analysis. 

 

The selected sample points to use in logistic regression is 200 points covers the  

entire province, which are 100 points of landslide area based on landslide occurrence 

map on 23 May 2006 of the Department of Mineral Resource (Appendix B) and 100 

points of non-landslide area as shown in Table 4.6 and Figure 4.3.       

 

Table 4.6 Number of sample points to use in logistic regression analysis. 

Sample point Number of points Percentage 

Landslide area 100 50.00 

Non-landslide area 100 50.00 

Total 200 100.00 

Remark : Data analysis based on vector format 

 

4.4 Result of applying logistic regression model to identify landslide risk area. 

 

 Landslide risk area identification using logistic regression model in the  

study use the same of 4 parameters and the same rating score as in PSA model which 

are including slope, geology, landuse or land cover and soil drainage. The actual 

rainfall intensity data on 22 May 2006 was also utilized instead of the maximum daily 

rainfall 30 years return period used in the previous model. The coefficient of each 

parameter was use as weighting score as shown in Appendix C.  

 

4.4.1 Forecasting models for landslide risk area assessment 

When employed 5 independent variables into logistic regression  

analysis, the statistical outputs of logistic regression model are shown in Table 4.7. 

The model was transformed into linear model as shown as: 

 

 Y = -25.683 + 0.105X1 + 1.793 X2 + 1.706 X3 + 2.002 X4 -1.884 X5  
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Figure 4.3 Location of selected sample points to use in logistic regression analysis. 
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Table 4.7 Statistic output of logistic regression model. 

 Independent variable B 
Std. 

Error 
Sig. 

No. (Constant) -25.683 5.842 0.000*

1 Maximum daily rainfall intensity (X1) 0.105 21.188 0.000*

2 Slope (X2) 1.793 0.440 0.000*

3 Geology (X3) 1.706 0.884 0.054*

4 Landuse/ land cover (X4) 2.002 0.579 0.001*

5 Soil drainage (X5) -1.884 0.580 0.001*

* significant at 0.05 

R2 = 0.887 Predicted correct = 93.7% 

 

  As the multiple coefficient of determination (R2) in the model is 0.887. 

It can be described that landslide risk (Y) can be explained by independent variables of  

maximum daily rainfall intensity (X1), slope (X2), Geology (X3), landuse/ land cover 

(X4) and soil drainage (X5) by 88.7% whereas 11.3% left can be explained through 

other variables out of the model. The predicted correct of the model is 93.7%. 

 

4.4.2 Result of landslide risk area applied with logistic regression.  

Result of landslide risk area analysis applied with logistic regression  

are shown in Table 4.8 and Figure 4.4. 

1. Very high potential landslide risk area covers the least proportion of land 

area in Uttaradit province only  1,377.58 km2 (18.34%). Main area of high potential 

landslide risk is in Tha pla, Ban Khok and Nam Pat district respectively as shown in 

Table 4.9. 

2. High potential landslide risk area covers 1,829.76 km2 (24.36%). The high 

potential risk area of landslide is scattering around the province especially in Nam Pat, 

Tha Pla and Ban Khok district respectively as shown in Table 4.10. 

3. Moderate potential landslide risk area covers the most proportion of land  
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area in Uttaradit province 1,583.84 km2 (21.09%). The moderate risk area of landslide 

is scattering around the province especially in Tha Pla, Nam Pat and Ban Khok district 

respectively as shown in Table 4.11. 

4.  Low potential landslide risk area covers 2,718.96 km2 (36.20%). The low  

potential landslide risk area is mostly Phichai, Muang and Thong San Khan district 

respectively as shown in Table 4.12. 

 

Table 4.8 Output of landslide risk area assessment in Uttaradit province applied by 

Logistic regression model identified by equal interval classification. 

Landslide risk level Area (km2) Percentage 

Very high potential area 1,377.58 18.34 

High potential area 1,829.76 24.36 

Moderate potential area 1,583.84 21.09 

Low potential area 2,718.96 36.20 

Total 7,510.13 100.00 

Remark : Data analysis based on vector format 
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Figure 4.4 Landslide risk area assessment in Uttaradit province applied by logistic 

regression model. 
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Table 4.9 Area of very high landslide risk area each district in Uttaradit province 

applied by logistic regression model ordered by descending area. 

 Very high potential 

District Area (km2) Percentage 

% Of 

considered area 

Tha Pla 425.15 30.86 5.66 

Ban Khok 340.03 24.68 4.53 

Nam Pat 192.69 13.99 2.57 

Fak Tha 176.97 12.85 2.36 

Lublae 124.92 9.07 1.66 

Muang 61.49 4.46 0.82 

Thong Saen Khan 50.83 3.69 0.68 

Phichai 4.54 0.33 0.06 

Tron 0.96 0.07 0.01 

Total 1,377.58 100.00 18.34 
Remark : Data analysis based on vector format 

Table 4.10 Area of high landslide risk area each district in Uttaradit province applied 

by logistic regression model ordered by descending area. 

 High potential 

District Area (km2) Percentage 

% Of 

considered area 

Nam Pat 450.84 24.64 6.00 

Tha Pla 434.81 23.76 5.79 

Ban Khok 310.74 16.98 4.14 

Fak Tha 304.68 16.65 4.06 

Thong Saen Khan 165.25 9.03 2.20 

Muang 121.5 6.64 1.62 

Phichai 17.64 0.96 0.23 

Lublae 17.5 0.96 0.23 

Tron 6.8 0.37 0.09 

Total 1,829.76 100.00 24.36 
Remark : Data analysis based on vector format 
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Table 4.11 Area of moderate landslide risk area each district in Uttaradit province 

applied by logistic regression model ordered by descending area. 

 Moderate potential 

District Area (km2) Percentage 

% Of 

considered area 

Tha Pla 428.30 27.04 5.70 

Nam Pat 411.68 25.99 5.48 

Ban Khok 233.03 14.71 3.10 

Thong Saen Khan 184.57 11.65 2.46 

Fak Tha 147.50 9.31 1.96 

Muang 95.79 6.05 1.28 

Lublae 65.71 4.15 0.87 

Phichai 11.82 0.75 0.16 

Tron 5.44 0.34 0.07 

Total 1,583.8352 100.00 21.09 
Remark : Data analysis based on vector format 

Table 4.12 Area of low landslide risk area each district in Uttaradit province applied 

by logistic regression model ordered by descending area. 

 Low potential 

District Area (km2) Percentage 

% Of 

considered area 

Phichai 627.78 23.09 8.36 

Muang 485.81 17.87 6.47 

Thong Saen Khan 403.03 14.82 5.37 

Nam Pat 373.74 13.75 4.98 

Tron 259.13 9.53 3.45 

Lublae 238.18 8.76 3.17 

Tha Pla 200.50 7.37 2.67 

Fak Tha 107.27 3.95 1.43 

Ban Khok 23.52 0.87 0.31 

Total 2,718.958 100.00 36.20 
Remark : Data analysis based on vector format 
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4.5 Result of measure agreement between landslide risk area identified by 

Potential Surface Analysis and logistic regression model. 

 

The result of measure agreement between landslide risk area identified by 

Potential Surface Analysis and logistic regression model were classified into 4 

categories as low, moderate, high and very high landslide risk area performed that 

there are large different (slight agreement) of each other. The overall accuracy of 

landslide risk assessment by PSA and logistic regression model was only 33.89% and 

the Kappa index was 0.11.  
 

Table 4.13 The error matrix of landslide risk area identified by PSA and logistic 

regression model classified into 4 categories. 

  Landslide risk area identified by potential Surface Analysis 

  Class1 Class2 Class3 Class4 Row total 
User’s 

accuracy 

Class1 10,389 4,042 197 393 15,021 0.6916 

Class2 21,698 27,689 28,030 6,901 84,318 0.3284 

Class3 4,817 5,425 8,779 24,075 43,096 0.2037 

Class4 27 794 158 2,650 3,629 0.7302 

Column 

total 
36,931 37,950 37,164 34,019 146,064  
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Producer’s 

accuracy 
0.2813 0.7296 0.2362 0.0779   

Source: calculation  

Remarks: Data analysis based on vector format 

  Class1   Low potential risk 

  Class2   Moderate potential risk 

  Class3   High potential risk 

  Class4   Very high potential risk 
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 As the actual landslide area on 23 May 2006 has only 2 categories as landslide 

and non-landslide area, the potential landslide risk area of the two models have to 

reclassify into 2 categories to be the same as the actual area. The very high and high 

potential risk area represented the landslide area meanwhile the moderate and low 

potential risk area represented the non-landslide area. 

The result of measure agreement between landslide risk area identified by 

Potential Surface Analysis and logistic regression model after reclassification 

performed that there are some different (fair agreement). The overall accuracy of 

landslide risk assessment by PSA and logistic regression model was 68.11% and the 

Kappa index was 0.3563.  
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Table 4.14 The error matrix of landslide risk area identified by PSA and logistic 

regression model classified into 4 categories. 

  
Landslide risk area identified by potential Surface 

Analysis 

  Class1 Class2  Row total 
User’s 

accuracy 

Class1 63,818 35,521 99,339 0.6424 

Class2 11,063 35,662 46,725 0.7632 

Column 

total 
74,881 71,183 146,064  
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accuracy 
0.8523 0.5010   

Source: calculation   

Remarks: Data analysis based on vector format 
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When            064,146=N
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4.6  Result of accuracy assessment of Potential Surface Analysis in landslide risk 

area assessment. 

 

 The accuracy of this process was operated using the pairwise comparison of 

the landslide risk are which derived from PSA and GIS technique with all points of 

actual landslide area on 23 May 2006. The landslide risk area was grouped into 2 

classes as landslide and non-landslide since the prediction and reference themes must 

contain the same type of data and the same codes to indicate each data class. 

The result of accuracy assessment of Potential Surface Analysis in landslide 

risk area has overall accuracy of 80.09% and the Kappa index was 0.6024.  

 

Table 4.15 The error matrix of landslide risk area by PSA and the actual landslide area 

on 23 May 2006. 

  Landslide area on 23 May 2006 

  Class1 Class2 Row total 
User’s 

accuracy 

Class1 1,227 245 1,472 0.8335 

Class2 360 1,207 1,567 0.7703 

Column total 1,587 1,452 3,039  
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A

 

Producer’s 

accuracy 
0.7731 0.8313   

Source: calculation   
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4.7 Result of accuracy assessment of logistic regression model in landslide risk 

area assessment. 

 

The accuracy of this process was operated using the pairwise comparison of 

the landslide risk area which derived from logistic regression model and GIS 

technique with all points of actual landslide area on 23 May 2006 excluded the 200 

points utilized on generation of logistic regression model. 

The result of accuracy assessment of logistic regression model in landslide risk 

area has overall accuracy of 66.76% and the Kappa index was 0.3448. 
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Table 4.16 The error matrix of landslide risk area by logistic regression model and the 

actual landslide area on 23 May 2006. 

  Landslide area on 23 May 2006 

  Class1 Class2 Row total 
User’s 

accuracy 

Class1 905 295 1,200 0.7542 

Class2 682 1,057 1,739 0.6078 

Column total 1,587 1,352 2,939  
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Source: calculation   
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When       
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4.8 Comparison of accuracy assessment of Potential Surface Analysis and logistic 

regression model in landslide risk area assessment. 

  

 The overall accuracy operated by PSA is higher than identified logistic 

regression model of 13.33% and the kappa index derived from PSA is also higher than 

logistic regression of 0.2576 as shown in table 4.13.  

 

Table 4.17 Overall accuracy of the models in landslide risk area assessment in 

Uttaradit province. 

Model Overall accuracy (%) Kappa index 

Potential Surface Analysis 

(PSA) 

80.09 0.6024 

Logistic regression model 66.76 0.3448 
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 
 

 

5.1 Conclusion 

 

The objectives of this study are to identify landslide risk area through Potential 

Surface Analysis (PSA) and logistic regression model and compare the models to 

figure out a suitable model for predicting landslide area in Uttaradit province. The 

substantial results of the study can be summarized as follow: 

1.  Applying Potential Surface Analysis (PSA) integrated with GIS technology 

to identify landslide risk area in Uttaradit province. The study was started by 

identifying weighting and rating 5 parameters as maximum daily rainfall 30 years 

return period, slope, geology, landuse and soil drainage. The result can be described as 

follow; 

Landslide risk area assessment was identified into 4 categories as very high, 

high, moderate and low landslide potential risk areas of  118.29 km2 (1.58%), 1,613.07 

km2 (21.48%), 4,974.27 km2 (66.23%) and 804.50 km2 (10.71%) of land area 

respectively.  

2. Selecting sample points to use in logistic regression analysis based on  

landslide map on 23 May 2006 of the Department of Mineral Resource which are 100 

points of  non-landslide and 100 points of landslide area. The landslide points are 

mostly in the north of Lab Lae, Mueng and the northwestern of Tha Pla district 

whereas the non-landslide points are scattered around Uttaradit province. 

3. Applying logistic regression model to identify landslide risk area in Uttaradit 

province. The rated value of 4 parameters which are slope, geology, landuse and soil 

drainage. Rainfall were used with the value of actual rainfall intensity on 22 May 2006 

derived from interpolation process to calculate value of landslide risk area by logistic 

regression model. The result can be described as follows: 
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Landslide risk area assessment was identified into 4 categories as very high, 

high, moderate and low landslide potential risk areas of  1,377.58 km2 (18.34%), 

1,829.76 km2 (24.36%), 1,583.84 km2 (21.09%) and 2,718.96 km2 (36.20%) of land 

area respectively. 

4. The measure agreement between landslide risk area identified by Potential  

Surface Analysis and logistic regression model when classified into 4 categories as 

low, moderate, high and very high landslide risk area performed that there are large 

different (slight agreement) with the overall accuracy of 33.89% and the Kappa index 

of 0.11. Whereas the agreement when reclassified into 2 categories as landslide and 

non-landslide area are some different (fair agreement) with the overall accuracy of 

68.11% and the Kappa index of 0.3563. The comparison of accuracy assessment with 

the actual landslide of the models shows that the overall accuracy identified by 

Potential Surface Analysis is higher than logistic regression model of 13.33%. Also, 

the Kappa index identified by Potential Surface Analysis is higher than logistic 

regression model of 0.2576. These can be concluded that the fewer number categories 

of landslide risk area affect the higher magnitude of the K values and the two models 

are not appropriate to represent each other. In addition, for this study the landslide risk 

area identified by Potential Surface Analysis is more suitable than logistic regression 

model as the rating values are derived from the experts. 

 

5.2 Recommendations 

 

 5.2.1 Recommendations for applied GIS integrated with PSA and Logistic 

Regression model to identify landslide risk area in Uttaradit province 

The study has the limit of spatial and attributes GIS data that can be varied by 

changed time that influence to the result of landslide risk area assessment. Thus, the 

ground truth should be process at the actual area and time of the study area. The 

opinions and rating values defined by the experts are acceptable and well precision. In 

addition, more parameters that may cause landslide occurrence should be entered to 

the logistic regression analysis to make the model more stable and appropriate. 
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5.2.2 Recommendations for further study 

 For further study, more types of unconsidered areas are recommended for 

better result such as, urban area and agriculture activities on plain area. On the 

contrary, roads or any obstacles path on the steep slope should be more concerned as a 

factor of landslide occurrence. Since many processes on the area are dynamics, the 

method derived from expertise is prefer as the main for the assessment and the 

statistical is inferior.           
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Appendix A: Result of Potential Surface Analysis 
 
Table A.1 Maximum rainfall 30 years return period of study area 
 

Factors Characteristics Area (km2) Percent 

> 110 mm./day 1010.08 13.45 

101-110 mm./day 1841.12 24.52 

91-100 mm./day 3934.41 52.39 

Maximum Rainfall 

intensity 

0-90 mm./day 724.52 9.65 

Total   7,510.13 100.00 

Source: Calculation 
 
Table A.2 Slope of study area 
 

Factors Characteristics Area (km2) Percent 

> 30% 592.17 7.88 

16-30% 2071.71 27.59 

6-15% 713.17 9.50 
Slope 

0 – 5% 4133.08 55.03 

Total   7,510.13 100.00 

Source: Calculation 
 
Table A.3 Geology of study area 
 

Factors Characteristics Area (km2) Percent 

Granite rocks/ coarse igneous rocks  198.79 2.65 

Metamorphic igneous rocks 

/sedimentary rocks  
565.72 7.53 

Fine igneous rocks /shale  4030.26 53.66 

Geology  

Sedimentary  2715.36 36.16 

Total   7,510.13 100.00 

Source: Calculation 
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Table A.4 Landuse/ land cover of study area 
 

Factors Characteristics Area (km2) Percent 

Crop field/paddy field (hill area) 1234.30 16.44 

Orchard 159.01 2.12 

Forest  4497.34 59.88 
Land use/ land cover 

Paddy field (plain area) 1619.48 21.56 

Total   7,510.13 100.00 

Source: Calculation 
 
Table A.5 Water drainage of soil of study area 
 

Factors Characteristics Area (km2) Percent 

Excessively and very well drainage 25.80 0.34 

Moderate drainage 2034.07 27.08 

Poor drainage 276.43 3.68 

Soil 

 

Very poor drainage 5173.83 68.89 

Total   7,510.13 100.00 

Source: Calculation 
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Figure A.1 Maximum rainfall 30 years return period of study area 
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Figure A.2 Rainfall intensity on 22 May 2006 
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Figure A.3 Slope of study area 
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Figure A.4 Geology of study area 
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Figure A.5 Landuse/ land cover of study area 
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Figure A.6 Soil drainage of study area 
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Appendix B: Landslide map on 23 May 2006. 

 
Figure B.1 Landslide area in Uttaradit province on 23 May 2006 
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Source: The Department of Mineral Resource 

Figure B.2 Landslide area in Lublae district on 22 May 2006 
 

 
Source: The Department of Mineral Resource 

 
Figure B.3 Landslide area in Muang district on 22 May 2006 
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Source: The Department of Mineral Resource 

 
Figure B.4 Landslide area in Tha Pla district on 22 May 2006 
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Appendix C: Landslide map on 23 May 2006 of the Department of Mineral 
Resource. 
 

Factors Characteristics Coef. rating

> 110 mm./day 4 

101-110 mm./day 3 

91-100 mm./day 2 

Maximum rainfall 

intensity 

0-90 mm./day 

0.080 

1 

> 30% 4 

16-30% 3 

6-15% 2 
Slope 

0 – 5% 

2.085 

1 

Granite rocks/ coarse igneous rocks  4 

Metamorphic igneous rocks 

/sedimentary rocks  
3 

Fine igneous rocks /shale  2 

Geology  

Sedimentary  

3.061 

1 

Crop field/paddy field (hill area) 4 

Orchard 3 

Forest  2 

Landuse/ land 

cover 

Paddy field (plain area) 

2.813 

1 

Excessively and very well drainage 4 

Moderate  drainage 3 

Poor drainage 2 
Soil 

Very poor drainage 

2.134 

1 
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