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Executive Summary

1. Introduction

Landslide problem are still increasingly in the north of Thailand which are
most occurred in the highland. The big-landslide recently happens at Nan province.
The main factor of landslide in the north part consists of forest damage, rainfall, slope
and fault. The rainfalls statistic since 2002-2006(A.D.) shows approximately rainfall
is 1,849.36 millimeters/year. Chiang Rai has the highest rainfall average in the north
part because of it situated near the storm route and has the fault in Chiang San district
(Mae Chan fault). Landslide destroys both humanity and property. It also destroys the
environment and ecology system. Prediction and warning system are extremely
needed to decrease the influent damage. However, the risk areas have to define in
separating from ground area. To define the risk area, it uses many risk factors for
analyzing in algebraic equation.

The landslide risk factor, Terzaghi [1] divided landslide causes into external
causes which result in an increase of the shearing stress (e.g. geometrical changes,
unloading the slope toe, loading the slope crest, shocks and vibrations, drawdown,
changes in water regime) and internal causes which result in a decrease of the
shearing resistance (e.g. progressive failure, weathering, seepage erosion). Varnes and
Cruden [2] pointed out there are a number of external or internal causes which may be
operating either to reduce the shearing resistance or to increase the shearing stress.
There are also causes affecting simultaneously both terms of the factor of safety ratio.
The three stability stages provide a useful framework for understanding the causal
factors of landslides and classifying them into two groups on the basis of their
function: (1) Preparatory causal factors which make the slope susceptible to
movement without actually initiating it and thereby tending to place the slope in a
marginally stable state. (2) Triggering causal factors which initiate movement. The
causal factors shift the slope from a marginally stable to an actively unstable state.
Chayakrit [3] determined landslide risk areas at Chiang Rai by usage the seven factors
consisting of rainfall, rock unit, slope, forest, buffer fault, windward, altitude and
land wusage. Unfortunately, some landslide risk areas are not match.
International Institute for Geo-Information Science and Earth Observation [4] made a
hazard map based on quantitatively defined weight-values. Many different methods
exist for the calculation of weight-values. The method used in research is called the
landslide index method. A. K. Saha and others [5] generated and co-registered were:
landuse/landcover, buffer map of thrusts, buffer map of photo-lineaments, lithology,
buffer map of drainage, slope angle and relative relief. Data integration was carried
out using the ordinal scale (qualitative) relative weighting rating technique to give a
Landslide Hazard Index (LHI) value. The breaks in the LHI frequency diagram were
used to delineate various landslide hazard zones, namely, very low, low, moderate,
high and very high. Field data on landslides were employed to evaluate and validate
landslide hazard zonation map. It is interpreted that the distribution of landslides is
largely governed by a combination of geoenvironmental conditions like proximity
(>*500 m) to the thrust zone, presence of Munsiari Formation (Higher Himalayan
Crystalline) and barren or less-vegetated areas. A. Carrara and others [6]
recommended that geographical data processing is still a pioneering discipline that
needs major changes and advancements. Possible future research applications include



object based models, 3D or even 4D data structures, integration of GIS with artificial
intelligence, hypermedia and animation techniques.

Therefore, this paper presents the landslide risk areas in Chiang Rai province
and VR Modeling concept. The risks areas are defined by using the intersection of
risk factors which are analyzed by classify rating weight, in GIS program.

2. Basic Concept

To analyze the risk factors, the involve information of landslide is required.
The landslide factors were mapped with the geographic map by the Geography
Information System program to classify the risk area. Then, the landslide factors
were conducted to the VR Modeling for simulation. However, the variable in each
factors are needed measurement by equipments and transfer information to VR
Modeling. Anyway, the Warning systems have to develop and implement in the area.

3. Research methodology
The system can separated to three phases of implementation as discussed in
the basic concept. We had to analyze the risk factors and mapped these factors with
the geographic map by the Geographic Information System to classify the risk area.
After that, the landslide factors were conducted to the VR Modeling for simulation.
3.1 Factor Analysis

From the field survey and data collection that involving with the
research, we could collect meteorology data, landslide data and GIS primary
information to finding the landslide factors. So, the physical characteristics, such as
rainfall, rock unit, slope, forest, buffer fault, windward, altitude and satellite
information, used to classifying the spatial characteristic.

3.2 Classify the risk area

After determined the landslide factor, we had to merge these factors
with the geographical map by the Geographic Information System to classify the risk
area. To classify the risky level, we need to determine the weighting rate for each
factor within one to six. The weighting rates depend on an importance of each factor.

To find landslide risk area and villages of the landslide risk areas, this
research use Landslide Index, which referred to the factors.

3.3 Virtual Reality Modeling Conduction

At the beginning of conduction, the Virtual Reality Modeling needs to
use the sample risk area for demonstrate the 3D model. The classification of risk area
determined many high-risk areas. For demonstrate the 3D model in VR system, the
authors had to select a high-risk area, there was Ban Pha Hmee village. This village
place on the highland of Mae Sai district, Chiang Rai province, Thailand.

The 3D model was generating from Geographic Information System
application named ArcView. This application was render the model from spatial data
that the authors used to analyze the landslide risk area. After generated the 3D model,
the authors used Maya program to re-rendering the model and demonstrate the
landslide simulation within the level of risky. The Maya application animated the 3D
motion of land sliding and the damage in the village.

At the end of conduction, the authors were integrating the landslide 3D
animation with the main system that developed by Dark Basic language. The Dark
Basic language is the programming language that used to implement the 3D game



animation. So, the Virtual Reality Modeling of the fixed area could be animating the
land sliding in Ban Pha Hmee village.

4. Experiment

After determined the landslide factor, we had to merge these factors with the
geographical map by used the Geographic Information System to classify the risk
area. To find landslide risk area and villages of the landslide risk areas, this research
used Landslide Index which referred from equation of Zarabar and Menzl (1982) and
Chayakrit (2006).

Landslide Index = {{RrRw) + (RUrRUw) + (SrSw) + (FrFw) + (BFrBFw) + (WrWw)}* (Hr)

= Rainfall
- Rock Unit
= Slope

= Forest

- Buffer Fault

Where:

= Windward
e High

= Rating

= Weighting

FTmEgTORER

So, the landslide risk areas analysis in this research analyzed by classifies the
rate weighting and the factor of safety, combination, in each factor.

To merge each factor, together, with the geographical map by the Geographic
Information System, the authors had to do the Geographic map preparation. After
that, the factors need to merge with the Geographic map by used the intersection
method as figure 1.

This proceeding was generating a layout of the risk area to represent in
Geographical Data as figure 2. The landslide risk area could distinguish to each level
of the area e.g. village, district and province as figure 3.

The risk factors values were conducted to VR modeling for landslide
simulation. The VR Modeling concept is simulation the landslide area which displays
the different area damage via vary the input information from each risk factors. The
interface of VR modeling for landslide simulation was friendly with user.
Furthermore, the VR was rendering the Realistic Geographical Area and the buildings
in the village as the 3D view (Fig. 4).
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5. Research Result and Discussion

Factor analyzed and classified the landslide risk areas that analyze via
determine the value of factor’s rate weighting in each factor. The rate weighting
values which are applied to factors are between 1- 6, arranged with the importance
level of each factor.

Completing the factor analyzed, seven factors are extremely influence with the
landslide in Chiang Rai area which are rainfall, rock unit, slope, forest, buffer fault,
windward, and altitude. The landslide risk area are classified in 3 levels consisting of
highest risk, risk and un-risk area which cover in 1,801.1 km., 3781.58 km., and
5993.28 km. respectively. Landslide risk area cover in 16 districts and 2 sub-districts
which are highest in the highest risk at Wiang Pa Pao district 455.09 km and lower
risk at Pa Daet district 66.04 km. Additionally, the risk factors values are conducted to
VR modeling for landslide simulation. The VR Modeling concept is simulation the
landslide area which displays the different area damage via vary the input information
from each risk factors.

6. Conclusion

This paper proposes the first study of the landslide risk factor and risk area in
Chiang Rai province and applied to conduct the Virtual Reality Modeling. However,
the risk factors are most important for the modeling in landslide prediction. Although
the risk factors should be improve the information record for the accuracy. Finally, the
Virtual Reality Modeling was in the process of improving conduction risk factor value
and display.



UNAALID

@ a o ar = = = d:y ] g
Tuflwiidlgninerdudesssumanemeumilovesamd Inaifaduliosasuay
¥ 1 1
ninnuguusandunniu Taemmzedieddluisesvesniswanasveaniiauuasmaia
a [ & o Ao Y = a ' Y a 3 I W Yo
Aunay Feaunguanim Idihansianaenazaauvemrhautumnnniionyyd 1aims
Ay n:;. T o Y ) U d:l -ﬂy =i o d’ as
ynyniuith Tasmsdadu Iluazmnihievaeiiuiiimsinyas otlesduilgviuag
:i = s 9 = 2 o :: Y o 2 @ a 1 9 []
HansTNURRAINMININatsvesnihau Sedudlufisgdoshszuudoussaunaud e
v a o = g Y
sefafeneotanaau 1A
A A . o @ a e W P o o ° 2
el ldmiladenuddgvesilymiionunaiuislaiimsadessouiasuio
waudsaunay Iaginmismuiamissduanudeslumsifaauaauuaziinisitasanisina
= i o - T = o =y aa é = as o o
AuoauuIAMUITAUAMIToSHIUNIAeNA AR NsMPLLLT LA Fed3te Idhmsdwun
" 4.-.; a a U LY | 43‘ a‘ d' 1 A /A 1 :3.‘ :{
seduanuFoslumsifeauoauesnduduszdufe NulidasdonsfaauoauuIn, WU
v ¥ ¥ v I
@oanonIsihaaunay uay Aun llidesdansfaauaay A18A1TAIHIVNIAINNUREIIN
v a o 3 a ] o o o o o
fadui1diinsdnyiianua 7 ade duTdsunsudiSegidugiimansascumeasii1d
¥ ] " & é % g @ :: = :}
ansaseyNudoais 14 deiladons 7 Pedoriudszaoulidre 1.U5maniwlu 2.4s53am
:/‘ =) ar dy :; 3/ £ U é’l [ Y =
YIFUNU 3. ANUTFUVOIRUN 4. Usznnvesdu Wuazih 59000 UIHLAY 6.1AN19aY

¥
7.ANUGUNLDITAV NI

¥ 4
o

o A aw -:iv Ya a Y A :ﬂy Moo v A g R = o o A &
ﬂ'liﬂ'l']‘ilﬁlﬂ'ﬁQuﬂ'lﬁﬂ?fﬂﬂulﬂmﬂﬂWHTIU'lﬁﬂQLWﬂLﬂUﬂiﬂlﬁﬂH’WﬁNﬂjﬂLﬂmQSTEJ BN
o 2 g Yy 4 = v o dg ¥ o - I
Nﬁﬂ‘W‘ﬁ'ﬂ@'ﬂﬂu’]ﬂuﬂﬂﬂi"ﬁk'}’f'HﬂQﬂQTNQﬂﬂﬂ\‘!ﬂJﬂ\‘l’ﬂﬁ]ﬂﬂﬂi‘ﬁﬁluﬂ’l‘iﬂ’]u')ﬂ!ﬁ"lwuﬂlﬁﬂﬁﬂﬂ
q’: Y o Y o & g o o PV vy s e = o ]
‘i]'lﬂ‘l«l‘l«l?d?‘ﬂf.lvlﬂﬂ']ﬂ'l'imﬂﬂwuﬂlﬁﬁlﬂﬂﬂ FTAULTUIUN 6114‘]’!331.!11&9\111’51] ATUALIYINIAT BUND

] = =] 9 o nag
¥ )3t mﬁ‘luﬂsmﬁﬂyﬂumsmmmmmmﬁmmwm



Abstract

The phonology of landslide in the north of Thailand even more frequently increases
nowadays. Many risk factors of landslide have been stimulating by human-made;
forest destroys, field bumning for land preparation and bad cultivate. In order to
prevent the influent damage, the warning system for landslide is indeed required. This
paper, thus, proposes the virtual reality modeling of landslide by demonstrating the
risk factors with three-dimension model through the visual image program for
identifying the types of risk areas. The risks areas are divided into 3 levels including
high risk, risk and un-risk area regarding to the numbers of occurred landslide. By
using the mathematical interpretation of seven key risk factors, which is defined
through the Geography Information System, the types of risk area is identified. Those
key risk factors are rainfall, rock unit, slope, forest, buffer fault, windward, and
altitude. The simulation is conducted with the study areas in Chiang Rai province in
order to verify the risk area identification. The simulating result shows that the
interpretation of those key factors can effectively identify the types of risk areas. The
stage of developing three dimensional models of all key risk factors is currently
performed with the highest risk area named Ban Pha Hmee. Additionally, the visual
image based VR modeling program.

Key Words: Landslide; Geography Information System (GIS); VR Modeling;
Remote Sensing; Image Processing.
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