
2.1 In tro d u c tio n

เท this chapter, the definition and terminology given for landslide classification 
system, landslide hazard, knowledge types used เท prediction of landslide hazard, and 
basic concepts and previous investigations on evaluation of the potential for debris- 
flows and related sediment-flows, are reviewed. Besides, use of the remote sensing and 
geographic information system (GIS) techniques in landslide hazard assessm ent are 
also briefly mentioned.

2 .2  D e fin it io n  and  T e rm in o lo g y

A wide variety of terms have been used for the denudational process whereby 
soil or rock is displaced along the slope by mainly gravitational forces. The frequently 
used terms are slope movement, mass movement, mass wasting, and landslide.

Mass movement is defined as "the outward and downward gravitational 
movement of earth material without the aid of running water as a transporting agent" 
(Crozier, 1986), or "the movement of a mass of rock, debris or earth down a slope" 
(Cruden, 1991). These are the most widely used definitions of the phenomenon. 
Although they are slightly different from each other when considering beyond the scope 
of inclusion of water, both definitions point to a mass transportation down slope in which 
a hazardous activity for humans may occur.

เท the last few decades, landslide is a term being the most used, though in the
narrow sense of the word (sensu strictu), it only indicates a specific type of slope
movement with the specific composition, form and speed.
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The following factors can be used and have been used to classify landslides:

■  Material (rock, soil, lithology, structure, geotechnical properties);
■  Geomorphic attributes (weathering, slope form);
■  Geometry of landslide body (depth, length, height etc.);
■  Type of movement (fall, slide, flow etc.);
■  Climate (tropical, temperate, periglacial etc.);
■  Water (dry, wet, saturated);
■  Speed of movement (very slow, slow etc.);
■  Triggering mechanism (earthquake, rainfall etc.).

Therefore, numerous approaches to classification of slope movements have 
been made, those concerning the type of movement, material, velocity, morphometric 
parameters, amount of water involved, velocity, climate, etc. The most common 
classifications are discussed briefly below.

Sharpe (1938) gave a classification based on the type of movement (slip and 
flow), kind of material (earth or rock) and the role of water/ice as main factors, while the 
speed  of the movement is a secondary parameter (Table 2-1).

The continuum of slope movements to the transportation of solids mainly by 
water (fluvial transportation) or by ice (glacial transportation) is clearly shown in the 
setup of the classification. Hutchinson (1988) used type of movement and morphology, 
which enables for a classification based only on field observation or the evaluation of 
landslides by means of on aerial photography. A practical classification also was that of 
Crozier’s (1986). He used the threshold values of morphometric criteria (width, depth, 
length, dilatation, etc.) to define the different types of landslides (Table 2-2).

2 .3  L andslide c la ssifica tio n  s y s te m s



19
Table 2-1 Landslide classification system by Sharpe (1938).

Varnes (1978) proposed a classification based on the type of movement and 
material type as shown in Table 2-3. This classification nominated primarily types of 
movement and types of material (as bed rock and engineering soils) as main factors.

Rather than dealing with the types, activities and definitions, as they are defined 
by the I AEG Commission on Landslides in the 1990's, a more relational approach was 
given by Soeters and Van Westen (1996) as "Slope instability processes are the product 
of local geomorphic, hydrologic and geologic conditions; the modification of these by 
geodynamic processes, vegetation, land use practices and human activities; and the 
frequency and intensity of precipitation and seismicity".
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Table 2-2 Landslide classification according to Hutchinson (1988)

Rebound When ground is unloaded, either artificially by 
excavation or naturally by erosion, the unloaded area 
responds, initially elastically and subsequently by slow 
swelling

Creep Any extremely slow movements which are 
imperceptible except through long-period 
measurement

Sagging of mountain slopes A general term for these deep-seated deformations of 
mountain slopes, which, in their present state of 
development, do not justify classification as landslides.

Landslide Relatively rapid downslope movements of soil and rock, 
which take place characteristically on one or more 
discrete bounding slip surfaces which divine the 
moving mass.

Debris movement of flow like Term covering five types of movement of flow-like form,
form which differ markedly in mechanism: non-periglacial 

mudslides, periglacial mudslides, flow slides, debris 
flows and sturzstroms.

Topple A movement that occurs when the vector of resultant 
applied forces falls through, or outside a pivot point in 
the base of the affected block.

Fall The more or less free and extremely rapid descent of 
m asses of soil or rock of any size from steep slopes or 
cliffs.

Complex slope movement The combination of two or more of the types of 
movements described above.
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Table 2-3 Landslide classification system by Varnes (1978).

T y p e  o f  M ateria l

Tvrte n f M o v e m e n t
Engineering Soils

Bedrock Predominantly
Coarse

Predominantly
Fine

Falls Rock Fall Debris Fall Earth Fall
Topples Rock Topple Debris Topple Earth Topple

Rotational
Few Units

Rock Slump Debris Slump Earth Slump

Slides Rock Block Slide Debris Block Slide Earth Block Slide
Translational Many

Units Rock Slide Debris Slide Earth Slide

Lateral Spreads Rock Spread Debris Spread Earth Spread

Flows
Rock Flow 

(Deep Creep)
Debris Flow

(Soil c
Earth Flow

reep)
Complex -  Combination of Two or More Principal Types of Movement

2 .4  L a n d s lid e  haza rd

Mass movement, or slope instability or landsliding are the sam e natural 
denudational and degradational processes, unless they threaten human life. Their 
interference with ongoing human activities in the terrain marks a landslide hazard. The 
general accepted terminology explained below is that's of Varnes’s (1984) and is 
illustrated เท a form of formula:

Rs=H*V

Where

Natural hazard (H): The probability of occurrence of a potentially damaging
phenomenon within a specified period of time and within 
a given area (Figure 2-1).
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Vulnerability (V): The degree of loss of a given element or set of elements

at risk resulting from the occurrence of a natural 
phenomenon of a given magnitude. Scale is 0 (no 
change) to 1 (total loss).

Specific risk (Rs): The expected degree of loss due to a particular natural
phenomenon. It may be expressed by the product of H 
and V.

The total risk could also be expressed เท another formula:

Rt=E*Rs
Where
Elements at Risk (E): The population, properties, economic activities, including

public services, etc., at risk เท a given area.
Total Risk (Rt): The expected number of lives lost, persons injured,

dam age to property or disruption of economic activity 
due to a particular natural phenomenon.

Figure 2-1 Graphical representation of hazard, vulnerability and risk (Varnes, 1984).

Based on the above definitions, hazard and risk information are generally 
represented as discrete maps. The discrete classes represent equal probability classes, 
which are in turn equal hazard or risk classes. The differentiation of hazard classes and
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their groupings are called "zonation". The formal definition given by Varnes (1984) is 
"The term zonation refers to the division of land into homogenous areas or user defined 
domains and the ranking of these areas according to their degrees of actual or potential 
natural hazards".

The natural hazard zoning/mapping constitutes the first and major task of the 
earth scientists in natural hazard analysis. The zoning of a natural hazard is the vital part 
of the study strategy in which the whole strategy will be based on. The zonation activities 
are mutually dependent on some factors as shown in Figure 2-2.

Figure 2-2 Overview of landslide hazard zonation activities (Varnes, 1984).

These factors can be grouped into magnitude properties of the hazard, 
frequency of the hazard and the spatial location of the hazard. The next step in hazard 
mapping is to show the m apped hazard and to classify the hazard map into some 
homogenous areas regarding the equal attributes of the hazard map.
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The natural hazard zoning is controlled mainly by two factors, such as: the scale 

of the zoning or mapping and the knowledge type used in the hazard zoning.

2.4.1  S c a le  fa c to r  in a n a ly s is

Before starting any data collection, an earth scientist working on a hazard 
analysis project should have to answer a number of interrelated questions below.

■  What is the aim of the study?
■  What scale and with what degree of precision must the result be 

presented?
■  What are the available resources in the form of money, data and 

manpower?
As the aim of the study would be previously defined, the scale and the precision 

are the first parameters to be defined prior to the start of the project. Hence, the scale 
factor must be determined at the first glance as it controls the type of the input data, 
nature of the analysis, and the output data of the study. The outcome precision also 
depends on the scale chosen; however is independent parameter regarding the nature 
of the project. The necessary adjustments should be made with the scale until the output 
precision and the desired precision fulfills the project conditions. The resource analysis 
will be conducted after the aim and scale is fixed.

The following scales of analysis, which were presented in the International 
Association of Engineering Geologists (IAEG) Monograph on engineering geological 
mapping (IAEG, 1976) can also be distinguished in general natural hazard zonation 
(Figure 2-3).

a. N a tio n a l S c a le  (< 1 /1 ,0 0 0 ,0 0 0 )

The national scale analysis is used only to outline the problem, give an idea 
about the hazard types and affected hazard prone areas. They are prepared generally 
for the entire country and the required map detail is very low, even เท the best case 
giving only data based on records เท the form of an inventory. The degree of the hazard 
is assum ed to be uniform. These kinds of maps are generally prepared for agencies
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dealing with regional (agricultural, urban or infrastructure) planning or national disaster 
prevention / hazard assessm ent agencies.

1 . N a t i o n a l  S c a l e  
< 1 : 1 . 0 0 0 . 0 0 0  
I n v e n t o r y  
E n t i r e  C o u n t r y  
B a s e d  o n  R e c o r d s

2 .  R e g i o n a l  S c a l e  
< 1 : 1 0 0 . 0 0 0  
R e g i o n a l  P l a n n i n g

S S L s
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3 .  M e d i u m  S c a l e
1 : 2 5 . 0 0 0  t o  1 : 5 0 . 0 0 0  „  Ankara
L o c a l  P l a n n i n g  .พ / S ?
A r e a s  u p  t o  2 0 0  s q k m  
S t a t i s t i c a l  M e t h o d s

4 .  L a r g e  S c a l e  
>  1 : 1 0 . 0 0 0  
D e t a i l e d  P l a n n i n g  
S m a l l  a r e a s  
S t a b i l i t y  a n a l y s i s

Figure 2-3 Scales of analysis and minor details (Sgzen, 2002).

b. R e g io n a l/S y n o p tic  S c a le  (<  1 /1 0 0 ,0 0 0 )

The scale is still so small to be used in any quantitative method, but these maps 
are for regional planning and in early stages of appropriate region planning activities. 
The areas to be investigated are still too large, in an order of thousands of square 
kilometers, and the map detail is also low. Only simple methods are used with qualitative 
data combination and the zoning is primarily based on regional geomorphological 
Terrain Mapping Units / Complexes (TMU) or dependent on regional geological units.
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c. M e d iu m  S c a le  (1 /2 5 ,0 0 0  -1 /5 0 ,0 0 0 )

These hazard maps are made mainly for agencies dealing with inter municipal 
planning or companies dealing with feasibility studies for large engineering works. The 
areas to be investigated will be of several hundreds square kilometers. At this map 
scale, considerably more detail is required than at the regional scale. These maps do 
serve especially the choice of corridors for infrastructure construction or zones for urban 
development. Statistical techniques are dominantly used in this scale.

d. L a rg e  S ca le  (>  1 /1 0 ,0 0 0 )

These hazard maps are produced generally for authorities dealing with detailed 
planning of infrastructure, housing or industrial projects or with evaluation of risk within a 
city or within a specified project area. They cover very small areas hence the 
deterministic hazard analyses become available to be used. The detail level of the maps 
is set into a maximum. They are based on physical numerical models that require 
extensive data collection in the field and laboratory surveys.

2 .4 .2  K n o w le d g e  ty p e s  used  in p re d ic tio n  o f  la n d s lid e  h a za rd

Prediction of landslide hazard for areas not currently subject to landslide hazard 
is based on the assumption that hazardous phenomena that have occurred in the past 
can provide useful information for prediction of future occurrences. Unlike general 
educational geological phrases in this case, "Present is not a key to the past but present 
and past are the keys to future", of which the real value of engineering and its futuristic 
approaches are represented. Therefore, mapping these phenomena and the factors 
thought to be of influence is very important in hazard zonation. เท relation to the analysis 
of the terrain conditions leading to slope instability, two basic methodologies can be 
recognized (Van Westen, 1993) as below.

The first mapping methodology is an experience-driven applied-geomorphic 
approach, by which the earth scientist evaluates direct relationships between landslides 
and their geomorphic and geologic settings by employing direct observations during a
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survey of as many existing landslide sites as possible. This is also known as direct 
mapping technology.

Contrarily to this experience based- or heuristic approach is the indirect 
mapping methodology, which consists of mapping of a large number of parameters 
considered to potentially affect landsliding and subsequently analyzing (statistically) all 
these possible contributing factors with respect to the occurrence of slope instability 
phenomena. เท this way the relationships between the terrain conditions and the 
occurrence of the landslides may be identified. On the basis of the result of this analysis, 
statements are made regarding the conditions under which slope failures occur.

Another division of techniques for assessm ent of slope instability hazard was 
given by Haïtien and Viberg (1988), who differentiated between relative and absolute 
hazard assessm ent techniques. Relative hazard assessm ent techniques differentiate the 
likelihood of occurrence of mass movements for different areas on the map without 
giving exact values. While absolute hazard maps display an absolute value for the 
hazard such as a factor of safety or a probability of occurrence.

Furthermore the hazard assessm ent techniques can also be divided into three 
broad classes based on use of statistical methods (Carrara, 1983; Hartlen and Viberg,
1988; Soeters and Van Westen, 1996) as follow.

■  White box models: based on physical models (slope stability and 
hydrologic models), also referred to as deterministic models;

■  Black box models: not based on physical models but strictly on 
statistical analysis; and

■  Gray box models: partly based on physical models and factual data and 
partly on statistics.

2 .5  D is a s te r m a n a g e m e n t

A way of dealing with natural hazards is to ignore them. เท many parts of the world, 
neither the population nor the authorities choose to take the danger of natural hazards
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seriously, for various reasons namely socio-economic, political, cultural, religious, etc. To 
effectively mitigate disasters, a complete strategy for disaster management is required, 
which is also referred to as the disaster management cycle.

Disaster management consists of two phases that take place before a disaster 
occurs, disaster prevention and disaster preparedness (both phases together are also 
referred to as disaster mitigation), and three phases after the occurrence of a disaster: 
disaster relief, rehabilitation and reconstruction.

Unfortunately, the emphasis in most countries has always been on the phase of 
disaster relief, and most disaster management organizations in developing countries have 
been established only for this purpose. Recently, the emphasis is being changed to 
disaster mitigation, and especially to vulnerability reduction.

Investment companies, (international) donor agencies, banks, and governments 
are increasingly requiring precise data on the risk due to hazards that may hamper the 
investment or reduce the return of their investment. Insurance and reinsurance companies 
similarly are demanding the more detailed risk evaluations to be able to set the insurance 
premiums for projects. Standard procedure will also be (or going to be) the development of 
risk scenarios that minimize the adverse consequences for the project and financial losses. 
Projects can be: civil engineering works, housing projects, mining, agricultural and forest 
developments, etc. (Van Westen, 1994).
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Table 2-4 Key elements of disaster management (Van Westen, 1994).

P re -d isa s te r phases P o s t-d isa s te r phases

Risk

Identification
Mitigation Risk Transfer Preparedness

Emergency

response

Rehabilitation

and

Reconstruction

Hazard Physical Insurance/ Early warning Humanitarian Rehabilitation/

Assessment structural reinsurance of systems. assistance / reconstruction of

mitigation

works

public

infrastructure 

and private 

assets

Communication

systems

rescue damaged critical 

infrastructure

Vulnerability Land-use Financial market Monitoring and Clean-up, Macroeconomic

assessment planning and 

building codes

instruments forecasting temporary 

repairs and 

restoration of 

services

and budget 

management

Risk Economic Privatization of Shelter facilities Damage Revitalization of

Assessment incentives public services 

with safety 

regulations

Emergency

planning

assessment affected sectors

GIS mapping Education, Calamity funds Contingency Mobilization Incorporation of

and scenario training and (national or local planning (utility of recovery disaster mitigation

building awareness level) companies / 

public services)

resources components in 

reconstruction

(Note: The green colored blocks indicate those activities for which remote sensing and GIS are most 
useful)

2.5 .1  G e o -s p a tia l re q u ire m e n ts

Mitigation of natural disasters will be successful only when detailed knowledge is 
obtained, including the expected frequency, characteristics, and magnitude of 
hazardous events in an area, as well as the vulnerability of the people, buildings, 
infrastructure and economic activities in the potentially dangerous area. Many types of 
information that are needed in natural disaster management have both an important 
spatial as well as temporal component.
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R e m o te  s e n s in g  a n d  G IS  p ro v id e  a  h is to rica l d a t a b a s e ,  from  w h ic h  h a z a rd  m a p s  

m a y  b e  p r e p a r e d ,  to  in d ic a te  w h ic h  a r e a s  a r e  p o te n tia lly  d a n g e r o u s .  R e m o te  s e n s in g  

d a ta  s h o u ld  b e  lin k ed  w ith o th e r  ty p e s  o f d a ta ,  d e r iv e d  from  m a p p in g ,  m e a s u r e m e n t  

n e tw o rk s  o r s a m p l in g  p o in ts , to  d e r iv e  p a r a m e te r s  u se fu l in th e  s tu d y  of d is a s t e r s .  G IS 

m a y  g iv e  m o d e ls  fo r v a r io u s  h a z a r d  a n d  risk  s c e n a r io s  of a n  a r e a  to  b e  d e v e lo p e d  in th e  

fu tu re .

T h e  s p a tia l  m o d e lin g  o f h a z a r d s  is a  c o m p le x  ta s k , in w h ic h  m a n y  fa c to rs  p la y  a 

ro le , a n d  w h ic h  on ly  e x p e r ts  c a n  e x e c u te .  It a ls o  in v o lv es  a  la rg e  n u m b e r  of 

u n c e r ta in t ie s , w h ic h  h a v e  to  b e  ta k e n  into  a c c o u n t .  T h e  z o n a tio n  o f h a z a r d  m u s t b e  th e  

b a s i s  for a n y  d i s a s t e r  m a n a g e m e n t  p ro je c t  a n d  s h o u ld  s u p p ly  p la n n e r s  a n d  d e c is io n 

m a k e r s  w ith a d e q u a t e  a n d  u n d e r s ta n d a b le  in fo rm ation .

R e m o te  s e n s in g  d a ta  d e r iv e d  from  s a te ll i te s  a r e  e x c e l le n t  to o ls  in th e  m a p p in g  of 

th e  s p a tia l  d is tr ib u tio n  of d i s a s t e r  r e la te d  d a ta  w ithin a  s h o r t  p e r io d  of tim e . M any  

d if fe re n t s a te ll i te  b a s e d  s y s te m s  e x is t  n o w a d a y s , w ith d if fe re n t c h a r a c te r is t ic s  r e la te d  to 

th e ir  s p a tia l- ,  te m p o ra l-  a n d  s p e c t r a l  re so lu tio n . A s m a n y  ty p e s  of d is a s t e r s ,  s u c h  a s  

f lo o d s , d ro u g h t ,  c y c lo n e s , v o lc a n ic  e ru p t io n s , e tc . ,  will h a v e  c e r ta in  p r e c u r s o r s .  R eal 

tim e  a n d  n e a r - r e a l  tim e  sa te ll i te  re m o te  s e n s in g  m a y  d e t e c t  th e  e a r ly  s t a g e s  o f th e s e  

e v e n ts  a s  a n o m a lie s  in a  tim e  s e r ie s .

W h en  a  d i s a s t e r  is a b o u t  to  o c c u r ,  th e  s p e e d  of in fo rm ation  c o lle c tio n  from  air- 

a n d  s p a c e  b o rn e  p la tfo rm s  a n d  th e  p o ss ib il i ty  o f in fo rm ation  d is s e m in a t io n  w ith a  

c o r r e s p o n d in g  s w if tn e s s  m a k e  it p o s s ib le  to  m o n ito r th e  c h a n c e  o f d is a s te r .  

S im u lta n e o u s ly , G IS  a n a ly s is  m a y  b e  u s e d  to  p la n  e v a c u a t io n  ro u te s , d e s ig n  c e n te r s  for 

e m e r g e n c y  o p e ra t io n s ,  a n d  in te g ra tio n  s a te ll i te  d a t a  w ith o th e r  re le v a n t  d a ta .

เท th e  d i s a s t e r  re lie f p h a s e ,  G IS  is e x tre m e ly  u se fu l in c o m b in a tio n  w ith G lob a l 

P o s itio n in g  S y s te m s  (G P S ) for s e a r c h  a n d  r e s c u e  o p e ra t io n s .  R e m o te  s e n s in g  a n d  G IS 

c a n  a s s i s t  in d a m a g e  a s s e s s m e n t  a n d  a f te rm a th  m o n ito rin g , p ro v id in g  a  q u a n tita tiv e  

b a s e  for re lie f o p e ra t io n s .
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เก th e  d i s a s t e r  re h a b ilita tio n  p h a s e ,  G IS  c a n  o rg a n iz e  th e  d a m a g e  in fo rm ation  

a n d  th e  p o s t - d i s a s t e r  c e n s u s  in fo rm ation , a s  w ell a s  s i te s  fo r r e c o n s tru c tio n . R e m o te  

s e n s in g  u p d a te s  d a t a b a s e s  u s e d  for th e  re c o n s tru c tio n  of a n  a re a .

D is a s te r  m a n a g e m e n t  is a  m u ltid isc ip lin a ry  ac tiv ity  re q u ir in g  s p a tia l  a n d  

te m p o ra l  in fo rm ation  a n d  e x p e r t is e  from  m a n y  d if fe re n t s p e c ia liz a t io n  fie ld s  (Van 

W e s te n , 1 9 9 4 ), s u c h  a s :

■  E x p e r tis e  on  t e c h n iq u e s  for th e  c o lle c tio n  of g e o - in fo rm a tio n , g e n e ra t io n  

of d a t a  b a s e s ,  a n d  d e s ig n  of d i s a s t e r  m a n a g e m e n t  in fo rm ation  s y s te m s .

■  E x p e r tis e  on  th e  a n a ly s is  of d is a s t r o u s  p h e n o m e n a ,  th e ir  lo c a tio n , 

f re q u e n c y , m a g n i tu d e , e tc .

■  E x p e r tis e  on  h a z a r d  z o n a tio n  a n d  m a p p in g  th e  e n v iro n m e n t in w h ic h  th e  

d is a s t r o u s  e v e n ts  m ig h t ta k e  p la c e :  n a m e ly  to p o g ra p h y ,  g e o lo g y , 

g e o m o rp h o lo g y , so ils , h y d ro lo g y , la n d  u s e , v e g e ta tio n , e tc .

■  E x p e r tis e  on  th e  in v e n to ry  of e le m e n ts  th a t  m ig h t b e  d e s t r o y e d  if th e  

e v e n t  t a k e s  p la c e :  in f ra s tru c tu re , s e t t le m e n ts ,  p o p u la t io n , s o c io 

e c o n o m ic  d a ta ,  e m e r g e n c y  re lie f r e s o u r c e s ,  s u c h  a s  h o sp ita ls ,  fire 

b r ig a d e s ,  p o lic e  s ta tio n s ,  w a r e h o u s e s ,  e tc .

■  E x p e r tis e  on  c o s t- b e n e f i t  a n a ly s is ,  s p a tia l  d e c is io n  s u p p o r t  s y s te m s ,  

co n flic t m a n a g e m e n t ,  a n d  th e  im p le m e n ta tio n  o f d i s a s t e r  m a n a g e m e n t  in 

o rg a n iz a tio n s  in d e v e lo p in g  c o u n tr ie s .

2 .5 .2  R is k  a s s e s s m e n t as ce n tra l th e m e

M uch  of th e  effort in d i s a s t e r  m a n a g e m e n t  is on  th e  p o lic y  a n d  s o c ia l  s id e . 

H o w e v e r, th e  d e c is io n -m a k e r s  m u s t  b e  s u p p l ie d  w ith re lia b le , u p - to -d a te ,  a n d  w ell- 

in te rp re te d  in fo rm ation  on  th e  n a tu re  a n d  g e o g r a p h ic a l  d is tr ib u tio n  of h a z a r d  a n d  risk, 

a n d  th e  p o s s ib le  risk  s c e n a r io s .  R isk a s s e s s m e n t  is c o n s id e r e d  a s  th e  c e n tra l  a n d  m o s t 

im p o rta n t a s p e c t  w ithin d i s a s t e r  m a n a g e m e n t .  R isk is d e f in e d  a s  "the e x p e c te d  n u m b e r  

o f lives  lost, p e o p le  in ju red , o r e c o n o m ic  lo s s e s  d u e  to  p o te n tia lly  d a m a g in g  p h e n o m e n a  

w ith in  a  g iv e n  p e r io d  o f tim e  " b y  V an  W e s te n  (1 9 9 4 ).
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เท o rd e r  to  o b ta in  q u a n tita tiv e  risk  m a p s ,  th e  first e s s e n tia l  r e q u ir e m e n t  is to  c a rry  

o u t a  q u a n ti ta tiv e  h a z a rd  a s s e s s m e n t .  M ost h a z a r d  m a p s  still a r e  of a  q u a lita tiv e  n a tu re  

a n d  d o  n o t e x p r e s s  th e  p ro b a b ili ty  of o c c u r r e n c e  o f p o te n tia lly  d a m a g in g  p h e n o m e n a  

w ith a  c e r ta in  m a g n i tu d e  w ithin a  g iv e n  p e r io d  of tim e . เท m a n y  d e v e lo p in g  c o u n tr ie s , 

q u a lita tiv e  h a z a r d  m a p s  a r e  th e  on ly  p o ss ib ility , d u e  to  th e  s c a r c i ty  o f in p u t d a t a  for 

q u a n ti ta tiv e  a n a ly s is .  T h e re  is a n  im p o rta n t ro le  fo r d a t a  c o lle c tio n  u s in g  re m o te  s e n s in g  

a n d  th e  d e s ig n  of d a t a  b a s e s  for h a z a r d  a s s e s s m e n t ,  a s  w ell a s  th e  u s e  of v a r io u s  ty p e s  

of m o d e lin g  te c h n iq u e s  d e p e n d in g  on  th e  a v a ila b le  d a t a  a n d  th e  s c a l e  of a n a ly s is . 

E m p h a s is  s h o u ld  b e  g iv e n  to  th e  d e v e lo p m e n t  of q u a n ti ta tiv e  h a z a r d  m a p s ,  d e r iv e d  b y  

e a r th  s c ie n ti s ts ,  b a s e d  on  p ro b a b il is t ic  o r d e te rm in is t ic  m o d e lin g . เท d a t a - s c a r c e  

s itu a tio n  q u a lita tiv e  te c h n iq u e s  s h o u ld  b e  a p p lie d ,  b a s e d  on  te rra in  a n a ly s is .

A n o th e r  a s p e c t  w h ic h  n e e d s  to  b e  w o rk e d  o u t in m o re  d e ta il is th e  q u a n tif ic a tio n  

o f v u ln e ra b ility , w h ic h  is a c h ie v e d  b y  m a k in g  a n  in v en to ry  of th e  e le m e n ts  a t  risk  

(p o p u la tio n , b u ild in g  s to c k , e s s e n tia l  fac ilitie s , t ra n s p o r ta t io n  a n d  lifeline u tilities, h igh  

p o te n tia l lo s s  fac ilitie s , e c o n o m ic  ac tiv itie s)  a n d  a n  a s s e s s m e n t  o f th e  d e g r e e  of 

d a m a g e  th a t  m a y  re s u lt  from  th e  o c c u r r e n c e  of a  p o te n tia lly  d a m a g in g  p h e n o m e n a .  

E m p h a s is  s h o u ld  b e  g iv e n  to  t e c h n iq u e s  for ra p id  in v en to ry  o f e le m e n ts  a t  risk  in 

d e n s e ly  p o p u la te d  a r e a s  (u rb a n  a n d  ru ra l), u s in g  h ig h  re so lu tio n  im a g e s . ,  a n d  th e  

g e n e ra t io n  of e le m e n ts  a t  risk  d a t a b a s e s ,  w h ic h  s h o u ld  b e  d e s ig n e d  for m u lt i-p u rp o s e s ,  

on  th e  b a s is  of c a d a s t r a l  d a t a b a s e s .  F u rth e rm o re , a n  a s p e c t  fo r m o d e lin g  of 

v u ln e ra b ility , u s in g  v u ln e ra b ility  c u r v e s  in G IS  is a s  w ell e s s e n tia l .  A lso  in p u t from  

p a r tn e r s  is n e e d e d  in o rd e r  to  in c lu d e  th e  e c o n o m ic  a s p e c t s ,  in o rd e r  to  c o m e  to 

q u a n ti ta tiv e  lo s s  e s tim a tio n .

T h e  c o m b in e d  in fo rm ation  of h a z a r d  a n d  v u ln e ra b ility  is u s e d  to  d e r iv e  a t  

q u a n ti ta tiv e  risk  a n a ly s is , in c lu d in g  th e  to tal l o s s e s  d u e  to  d if fe re n t h a z a r d s  w ith d iffe re n t 

re tu rn  p e r io d s  a n d  m a g n i tu d e s .  M e th o d o lo g y  for d a t a  h a n d lin g  a n d  q u a n tif ic a tio n  of 

r isk s  in a  la rg e  a r e a  is y e t  to  b e  d e v e lo p e d .
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O n e  of th e  la rg e  c h a l le n g e s  is th e  im p le m e n ta tio n  o f t h e s e  risk  m a p s  into  risk  

s c e n a r io s ,  a n d  th e  d e v e lo p m e n t  of s p a tia l  d e c is io n  s u p p o r t  s y s te m s  for d is a s te r  

m a n a g e m e n t ,  to  b e  u s e d  in:

■  A n tic ip a tin g  th e  p o s s ib le  n a tu re  a n d  s c o p e  o f th e  e m e r g e n c y  r e s p o n s e  

n e e d e d  to  c o p e  w ith d is a s te r ,

■  D e v e lo p in g  p la n s  for r e c o v e ry  a n d  re c o n s tru c tio n  fo llow ing  a  d is a s te r ,  

a n d

■  M itiga ting  th e  p o s s ib le  c o n s e q u e n c e s  of d is a s t e r s

(V an W e s te n , 1 9 9 4 ).

2 .6  U se  o f re m o te  se n s in g  in la n d s lid e  ha za rd  a s s e s s m e n t

R e m o te  S e n s in g  c a n  b e  d e f in e d  a s  th e  in s tru m e n ta tio n , t e c h n iq u e s  a n d  

m e th o d s  to  o b s e r v e  th e  E a r th 's  s u r f a c e  a t  a  d is t a n c e  a n d  to  in te rp re t  th e  im a g e s  o r 

n u m e ric a l v a lu e s  o b ta in e d  in o rd e r  to  a c q u i r e  m e a n in g fu l in fo rm ation  o f p a r t ic u la r  

o b je c ts  o n  e a r th .

T h re e  d e fin itio n s  of re m o te  s e n s in g  a r e  g iv e n  b e low :

■  R e m o te  s e n s in g  is th e  s c i e n c e  of a c q u ir in g , p r o c e s s in g  a n d  in te rp re tin g  

im a g e s  th a t  r e c o rd  th e  in te ra c tio n  b e tw e e n  e le c t ro m a g n e t ic  e n e r g y  a n d  

m a tte r .(S a b in s ,  1997)

■  R e m o te  s e n s in g  is th e  s c i e n c e  a n d  a r t  of o b ta in in g  in fo rm ation  a b o u t  an  

o b je c t, a r e a ,  o r p h e n o m e n o n  th ro u g h  th e  a n a ly s is  of d a t a  a c q u i r e d  b y  a  

d e v ic e  th a t  is n o t in c o n ta c t  w ith th e  o b je c t,  a r e a ,  o r  p h e n o m e n o n  u n d e r  

in v e s tig a tio n . (L ille sa n d  a n d  K iefer, 1 9 94 )

■  T h e  te rm  re m o te  s e n s in g  m e a n s  th e  s e n s in g  o f th e  E a r th ’s  s u r f a c e  from  

s p a c e  b y  m a k in g  u s e  o f th e  p ro p e r t ie s  of e le c t r o m a g n e t ic  w a v e s  

e m it te d , re f le c te d  o r d if f ra c te d  b y  th e  s e n s e d  o b je c ts ,  fo r th e  p u r p o s e  of 

im p ro v in g  n a tu ra l r e s o u r c e s  m a n a g e m e n t ,  la n d  u s e  a n d  th e  p ro te c tio n  of 

th e  e n v iro n m e n t. (V an W e s te n , 1 994 )

T h e  p r o c e s s  o f R e m o te  S e n s in g  is s c h e m a tic a l ly  s h o w n  เท F ig u re  2-4 .
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T h e  p h e n o m e n o n , la n d s l id e , is a ffe c tin g  th e  e a r th 's  s u r f a c e ,  h e n c e  it a ls o  fa lls  เท 

to  th e  r e s e a r c h  a n d  a p p lic a t io n  a r e a s  of b o th  ae ria l a n d  s p a c e  b o rn  re m o te  s e n s in g .  

T h e  n a tu r e  o f th is  p h e n o m e n o n  a s  it is o c c u rr in g  a t  th e  s u r f a c e  o f e a r th  a llo w s th e  e a r th  

s c ie n t i s ts  to  ex p lo it th is  f a c t  u s in g  re m o te ly  s e n s e d  d a ta .  O n  th e  o th e r  h a n d , th e  n a tu re  

of th is  p h e n o m e n o n  a g a in  lim its th e  a p p lic a t io n s ,  a s  b e in g  d y n a m ic  a n d  s o m e tim e s  

b e in g  q u ite  sm a ll in te rm s  of c o n s e rv a t iv e  re m o te  s e n s in g  la n g u a g e .  F u r th e rm o re  th e y  

re v e a l v e ry  sm a ll in fo rm ation  w h e n  th e y  a r e  o b s e r v e d  in p la n a r  tw o -d im e n s io n , h o w e v e r, 

th e y  c o n ta in  la rg e  a m o u n ts  of d a t a  w h e n  e x p lo re d  เท th re e -d im e n s io n . B a s in g  on  th is  

f a c t  th e  u s e  of s te r e o - r e m o te  s e n s in g  p r o d u c ts  s e e m s  to  b e  in d i s p e n s a b le ,  w h ich  

re v e a ls  th e  tru e  m o rp h o d y n a m ic a l  f e a tu r e s  o f th e  la n d s l id e s .  T h e s e  in fo rm ation  a r e  

p ro v id in g  th e  d ia g n o s t ic  in fo rm ation  r e g a r d in g  th e  ty p e  of th e  m o v e m e n t  (C ro z ie r, 1973 ). 

T h e  g e n e ra l  a p p lic a t io n  fie ld s  of r e m o te  s e n s in g  in la n d s l id e  b u s in e s s  a r e  m o n ito rin g  th e  

c h a n g e  of la n d s l id e  a c tiv itie s  th ro u g h  tim e  ( c h a n g e  d e te c t io n )  a n d  m a p p in g  o u t w h e re  

th e  h a z a r d  o c c u r s .

P len ty  of r e s e a r c h e r s  h a v e  t e s te d  th e  u s a g e  of re m o te  s e n s in g  p r o d u c ts  d u r in g  

th e  la s t  3 0  y e a rs .  Tw o m a jo r  g r o u p in g s  c o u ld  b e  m a d e  u p o n  th e  in v e s tig a tio n  of th is  

r e s e a r c h .  T h e s e  a r e  ae ria l p h o to g ra p h y  a n d  s p a c e - b o r n  s e n s o r  im a g e s .

Figure 2-4 Process of Remote Sensing (Van Westen, 1994).
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N ote: A) E n e rg y  s o u r c e  to  illu m in a te  th e  ta rg e t ;  B) In te ra c tio n  of th e  ra d ia tio n  w ith th e  

e a r th ’s  a tm o s p h e r e ;  C) R a d ia t io n - ta rg e t  in te ra c tio n s ; อ ) D a ta  re c e p t io n ;  E) D a ta  

tra n sm is io n ; F) D a ta  p r o c e s s in g ;  G) D a ta  a p p lic a t io n )

N u m e ro u s  a p p lic a t io n s  h a v e  b e e n  c a r r ie d  o u t w h ic h  g e n e ra l ly  d e f in e  th e  

la n d s l id e  a r e a s .  C h a n d le r  a n d  M oo re  (1 9 8 9 ), C h a n d le r  a n d  B ru n s d e n  (1 9 9 5 ) a n d  

F o o k e s  a n d  o th e r s  (1 9 9 1 ) g a v e  e x c e l le n t  a p p lic a t io n s  for p h o to g ra m m e try . For s in g le  

la n d s l id e  w ith in  a  s m a l le r  a r e a ,  a  m o n ito rin g  s c h e m e  is b e s t  a p p l ic a b le  w ith th is  

te c h n iq u e  w ith g o o d  a c c u r a c y .  F lo w ev er, th e  a p p lic a t io n  of th is  te c h n iq u e  in a  la rg e r  

a r e a  of in te re s t  is lim ited  a s  s u c h  la rg e r  a r e a s  c o u ld  b e  e a s i ly  a c c o m p l i s h e d  b y  c la s s ic a l  

ae ria l p h o to g ra p h ic a l  s tu d ie s .

T h e  la n d s l id e  in fo rm ation  e x t r a c te d  in th e  re m o te ly  s e n s in g  s tu d ie s  n o rm ally  

s h o w s  a  re la tio n s h ip  w ith th e  m o rp h o lo g y , v e g e ta t io n  a n d  th e  h y d ro lo g ic a l c o n d it io n s  of 

th e  s lo p e .  T h e  s lo p e  m o rp h o lo g y  c a n  b e  e x a m in e d  w ith  s te r e o g r a p h ic a l  c o v e r a g e s .  

G e n e ra l ly  th e  id e n tif ica tio n  of th e  s lo p e  in s ta b ilitie s  is a n  in d ire c t  m e th o d . T h e  fa ilu re s  

a r e  id e n tif ie d  b y  a s s o c ia te d  e le m e n ts  w ith  s lo p e  in s tab ility  p r o c e s s .  T h e  a d v a n ta g e s  of 

a e r ia l p h o to g r a p h s  c a n  b e  l is te d  a s  fo llow s:

■  T h ey  p ro v id e  q u ite  o ld e r  c o v e r a g e s  b e fo re  d ig ita l w o rld  s ta r ts .

■  T h e  fligh t c o v e r a g e s  a r e  a d ju s ta b le  fo r n e w  m is s io n s .

■  T h e  s p a tia l  a n d  te m p o ra l  re so lu t io n s  a r e  v e ry  h igh .

■  S te r e o s c o p ic  c o v e r a g e  p ro v id e s  a c c e s s  to  s lo p e  id e n tif ica tio n .

■  M ost of th e  g e o s c ie n t i s t  a r e  fam ilia r to  th e m .

■  E v ery  c o u n try  h a v e  a t  l e a s t  o n e  full c o v e r a g e  of th e ir  la n d  d u e  to  m ilitary  

r e a s o n s .

T h e  d is a d v a n t a g e s  a r e  a s  fo llow s:

■  Low s p e c t r a l  re so lu tio n

■  T h e  n a tu r e  of p h o to g r a p h  a s  h a rd c o p y ,  h e n c e  n o t v e ry  h a n d y

■  P r e s e n c e  of d is to r t io n s  in p a r ts  of th e  im a g e s

■  O rth o re c tif ic a tio n  is n e e d e d  to  re m o v e  d is to r tio n  a n d  a d d  c o o rd in a te  

in fo rm ation

3 %
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■  A b s e n c e  o f c o o r d in a te  in fo rm ation

■  T h e  re s u l ta n t  m a p  is d e p e n d e n t  to  th e  e x p e r ie n c e  o f in te rp re te r

T h e  a p p lic a t io n s  w ith s p a c e  b o rn  im a g e s  a r e  q u ite  n e w  c o m p a r e d  to  th e  o th e rs . 

F u rth e rm o re , th e y  a r e  g e n e ra l ly  d e fin in g  th e  la n d s l id e s  in d ire c tly  b y  m a p p in g  o u t o th e r  

p a r a m e te r s  s u c h  a s  la n d  c o v e r . G a g o n  (1 9 7 5); M e D o n a ld s  a n d  G r u b b s  (1975); 

S a u c h y n  a n d  T re n c h  (1 9 7 8 ); S te p h e n s  (1 9 8 8 ); H u a n g  a n d  C h e n  (1 9 9 1 ); a n d  m a n y  m o re  

w o rk e rs  c o u ld  g iv e  d is c u s s io n  on  th is  to p ic .

เท c o m p a r is o n  to  th e  ae ria l p h o to g r a p h s ,  th e  a d v a n ta g e s  of s a te ll i te  im a g e s  a r e  a s  

follow:

■  B ig g e r  c o v e r a g e  p ic tu re

■  L a rg e r  s p e c t r a l  r a n g e

■  E as ily  a c c e s s ib le

■  No s ig n if ic a n t d is to rtio n

■  O n ly  g e o r e f e r e n c e  is n e e d e d  to  m a rk  th e  g e o g r a p h ic  c o o rd in a te s

T h e  d is a d v a n t a g e s  a r e  a s  follow:

■  Low s p a tia l  re so lu tio n

■  M ore  e x p e n s iv e  th a n  a e r ia l p h o to g r a p h s  of th e  s a m e  re so lu tio n

■  L im ited  s te r e o  g r a p h ic  c a p a b ili ty

■  L im ited  n u m b e r  of g e o s c ie n t i s t s  w h o  a r e  fam ilia r  w ith th e m

2 .7  G eograph ica l In fo rm ation  S ys tem s (G IS ) and  lands lide  hazard  a sse ssm e n t

G e o g r a p h ic  d a t a  h a v e  p re v io u s ly  b e e n  p r e s e n te d  in th e  form  of h a rd -c o p y  

m a p s .  B ut th e  r e c e n t  ra p id  d e v e lo p m e n t  of c o m p u te r  h a rd -  a n d  s o f tw a re  h e lp  

in tro d u c in g  th e m  in a  d ig ita l form  w h ic h  is m o re  a p p l ic a b le .  M any  o rg a n iz a tio n s  now  

s p e n d  s o  m u c h  m o n e y  on  e s ta b li s h in g  G e o g r a p h ic  In fo rm ation  S y s te m s  (G IS) a n d  th e  

g e o g r a p h ic  d a t a  b a s e s .  T h e  d e m a n d  for th e  s to r a g e ,  a n a ly s is  a n d  d is p la y  o f c o m p le x  

a n d  v o lu m in o u s  e n v iro n m e n ta l d a t a  h a s  led , in r e c e n t  y e a r s ,  to  th e  u s e  of c o m p u te r  for 

d a t a  h a n d lin g  a n d  th e  c re a tio n  of s o p h is t i c a te d  in fo rm ation  s y s te m s .  E ffec tive  u s e  of
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la rg e  s p a tia l  v o lu m e s  d e p e n d s  on  th e  e x i s te n c e  of e ffic ien t s y s te m s  th a t  c a n  tra n s fo rm  

th e s e  d a ta  into u s a b le  in fo rm ation . G e o g r a p h ic  In fo rm ation  S y s te m s  (G IS) b e c o m e s  an  

e s s e n tia l  tool fo r a n a ly z in g  a n d  g ra p h ic a lly  tra n s fe r r in g  k n o w le d g e .

G IS  is a  "pow erfu l s e t  of to o ls  fo r c o lle c tin g , s to r in g , re tr ie v in g  a t  will, 

t ra n s fo rm in g , a n d  d is p la y in g  s p a tia l  d a t a  from  th e  rea l w o rld  for p a r t ic u la r  s e t  of 

p u rp o s e s "  (B u rro u g h , 19 86 ). A  m o re  s p e c if ic  d efin ition  is g iv e n  b y  B o n h a m -C a r te r  

(1 9 9 6 ) a s

"A g e o g r a p h ic  in fo rm ation  s y s te m , o r s im p ly  G IS , is a  c o m p u te r  s y s te m  for 

m a n a g in g  s p a tia l  d a ta .  T h e  w o rd  g e o g r a p h ic  im p lie s  th a t  th e  lo c a tio n s  of th e  d a ta  ite m s  

a r e  kn ow n , o r c a n  b e  c a lc u la te d ,  in te rm s  of g e o g r a p h ic a l  c o o rd in a te s .  T h e  w o rd  

in fo rm ation  im p lie s  th a t  th e  d a t a  in G IS  a r e  o rg a n iz e d  to  y ie ld  u se fu l k n o w le d g e , o ften  a s  

c o lo re d  m a p s  a n d  im a g e s ,  b u t  a s  a ls o  s ta tis tic a l  g r a p h ic s ,  ta b le s  a n d  v a r io u s  o n - s c re e n  

r e s p o n s e s  to  in te ra c tiv e  q u e r ie s .  T h e  w o rd  s y s te m  im p lie s  th a t  a  G IS  is m a d e  u p  from  

s e v e ra l  in te r r e la te d  a n d  lin k ed  c o m p o n e n ts  w ith d if fe re n t fu n c tio n s . T h u s , G IS  h a s  

fu n c tio n a l c a p a b i l i t ie s  for d a t a  c a p tu r e ,  in p u t, m a n ip u la tio n , t ra n s fo rm a tio n , v isu a liz a tio n , 

c o m b in a tio n , q u e ry , a n a ly s is ,  m o d e lin g  a n d  ou tp u t."

T h e s e  in te rn a tio n a lly  v a lid  d e fin itio n s  of G IS  a r e  c e r ta in ly  c o n tr a d ic te d  to  th e  

b e lie f  th a t  G IS  is on ly  a  C o m p u te r  A id e d  D raw in g  (C A D ) s o f tw a re  o r on ly  a  d ra w in g  tool. 

G e n e ra lly , C A D  c a n  on ly  c o n s ti tu te  a  sm a ll p o rtio n  of th e  w h o le  in te g ra te d  s y s te m , 

w h e r e a s  a n  id e a l G IS  a n d  its p o s s ib le  in te g ra te d  c o m p o n e n ts  a r e  a s  s h o w n  in F ig u re  2- 

5 a n d  2 -6 . G IS , if b a s e d  on  th e  r ig h t c o m p o n e n ts  s h o u ld  a n s w e r  s e v e ra l  q u e s t io n s  a s  

s h o w n  in F ig u re  2 -7 .

M ore  o v e r  th e  p r o d u c ts  of m a p p in g  a n d  in v e n to ry  a r e  b e in g  s to r e d  in d a ta  

b a n k s  for th e ir  u ltim a te  re triev a l o r c o m b in a tio n  w ith d a ta  from  o th e r  s o u r c e s .  O ften  th e y  

a r e  in c o r p o ra te d  G IS  o r LIS (L a n d  In fo rm atio n  S y s te m s )  w h ic h  s e r v e s  a s  a  b a s e  for 

p ro g r a m m a b le  d a ta  m a n ip u la tio n  a n d  s e le c t iv e  in fo rm ation  e x tra c tio n  for p la n n in g  a n d  

p ro je c t  a s s e s s m e n t .
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T h e  d e v e lo p m e n t  of G IS  a n d  LIS is of c o n s id e r a b le  in te re s t  เท th e  c o n te x t  of 

s a te ll i te  s u rv e y in g , c h a n g e  d e te c t io n , a n d  m o n ito rin g . T h e  flexibility  of d ig ita l d a ta  

p r o c e s s in g ,  c o m b in e d  w ith q u ic k  in p u t of n e w  d a ta  ( p o s s ib le  from  u p d a tin g  on  th e  b a s is  

of s a te ll i te  r e m o te  s e n s in g  r e c o rd s )  o ffe rs  n e w  p o ss ib il i tie s  to  th e  s u rv e y o r , c a r to g r a p h e r  

a n d  p la n n e r .

It is c le a r  th a t in a  ra p id ly  d e v e lo p in g  s o c ie ty , c h a n g e  d e te c t io n  is of g r e a t  

im p o r ta n c e . เท m o d e rn  s o c ie ty , m a p p in g  su ffe rs  from  h ig h  ra te  of c h a n g e ,  s u c h  a s , 

c h a n g e  in la n d  u s e  in ru ra l a n d  u rb a n  a r e a s ,  c h a n g e  เท re q u i r e m e n ts  for m a p s  a n d  

in v e n to rie s , c h a n g e  in c o n c e p t s  in th e  v a r io u s  d is c ip l in e s  of e a r th  a n d  s o c ia l  s c ie n c e s ,  

le a d in g  to  d if fe re n t in te rp re ta t io n s  of th e  s a m e  d a ta ,  a n d  c h a n g e  in th e  e c o n o m ic a l  a n d  

te c h n ic a l  f a c to r s  on  w h ic h  m a p p in g  m e th o d s  w e re  b a s e d .

Figure 2-5 GIS and its related software systems as components of GIS (Sgzen, 2002).
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GEOGRAPHICAL
INFORMATION

SYSTEMS
(GIS)

Data collection

Data input and verification

Data storage, database manipulation and data management

Data transformation and analysis

Data output and presentation

F ig u re  2 -6  P h a s e s  of a  G IS  (S g z en , 2 0 0 2 ).

GEOGRAPHICAL
INFORMATION

SYSTEMS
(GIS)

Where is it?L o ca tio n  I

What is a t .... ?C o n d itio n

What has changed since .... ?T re n d s

What spatial pattern exists .... ?P a tte rn s

M o d e lin g  W h a tif" " ?

Figure 2-7 Questions which a well-built GIS should answer (Sgzen, 2002).
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เท o r d e r  to  re fin e  th e  d is c u s s io n  a ro u n d  la n d s l id e  h a z a rd ,  o n e  c a n  s a y  th a t th e  

o c c u r r e n c e  of s lo p e  fa ilu re  d e p e n d s  g e n e ra l ly  on  th e  c o m p le x  in te ra c tio n s  a m o n g  a  

la rg e  n u m b e r  of p a rtia lly  in te r re la te d  fa c to rs . A n a ly s is  of la n d s l id e  h a z a r d  r e q u ire s  

e v a lu a tio n  of th e  re la t io n s h ip s  b e tw e e n  v a r io u s  te rra in  c o n d it io n s  a n d  la n d s l id e  

o c c u r r e n c e .  An e x p e r ie n c e d  e a r th  s c ie n t i s t  h a s  th e  c a p a b ili ty  of m in d  to  a s s e s s  th e  

o v era ll s lo p e  c o n d it io n s  a n d  to  e x t r a c t  th e  critica l p a r a m e te r s .  H o w e v e r, an  o b je c tiv e  

p r o c e d u r e  is o ften  d e s i r e d  to  q u a n tita tiv e ly  s u p p o r t  th e  s lo p e  in s tab ility  a s s e s s m e n t .  

T h is p r o c e d u r e  r e q u ir e s  th e  e v a lu a tio n  of th e  s p a tia l ly  v a ry in g  te rra in  c o n d it io n s  a s  well 

a s  th e  s p a tia l  r e p re s e n ta t io n  of la n d s l id e s .  G IS  is a llo w e d  for th e  s to r a g e  a n d  

m a n ip u la tio n  of in fo rm ation  c o n c e rn in g  th e  d if fe re n t te rra in  fa c to rs  a s  d is t in c t  d a ta  

la y e rs , a n d  th u s  p ro v id e s  a n  e x c e l le n t  tool fo r s lo p e  s ta b ility  h a z a r d  z o n a tio n .

T h e  a d v a n ta g e s  o f th e  u s e  o f G IS  for a s s e s s i n g  la n d s l id e  h a z a r d  a s  c o m p a r e d  

to  c o n v e n tio n a l te c h n iq u e s  a r e  t r e a te d  e x te n s iv e ly  b y  s e v e ra l  p re v io u s  w o rk e rs  in c lu d in g  

B u rro u g h  (1 9 8 6 ) a n d  A ronoff (1 9 8 9 ). T h e  a d v a n ta g e s  o f G IS  for a s s e s s i n g  la n d s l id e  

h a z a rd  in c lu d e  th e  follow .

1. T h e  m u c h  la rg e r  v a r ie ty  o f h a z a rd  a n a ly s is  t e c h n iq u e s  th a t  b e c o m e s  

a t ta in a b le .  D u e  to  th e  s p e e d  of c a lc u la tio n , c o m p le x  te c h n iq u e s  

re q u ir in g  a  la rg e  n u m b e r  of m a p  o v e rla y in g  a n d  ta b le  c a lc u la t io n s  

b e c o m e  fe a s ib le .

2. T h e  p o ss ib il i ty  to  im p ro v e  m o d e ls , b y  e v a lu a tin g  th e ir  re s u lts  a n d  

a d ju s t in g  th e  in p u t v a r ia b le s .  T h e  u s e r s  c a n  a c h ie v e  th e  b e s t  r e s u l ts  เท a 

p r o c e s s  of trial a n d  e rro r, b y  ru n n in g  th e  m o d e ls  s e v e ra l  t im e s , w h e r e a s  

it is d ifficult to  u s e  th e s e  m o d e ls  e v e n  o n c e  เท a  c o n v e n tio n a l m a n n e r . 

T h e re fo re  m o re  a c c u r a t e  re s u lts  c a n  b e  e x p e c te d .

3. เท th e  c o u r s e  of a  la n d s l id e  h a z a r d  a s s e s s m e n t  p ro je c t, th e  in p u t m a p s  
d e r iv e d  from  field  o b s e rv a tio n s  c a n  b e  u p d a te d  ra p id ly  w h e n  n e w  d a ta  

a r e  a d d e d .  A lso  a f te r  th e  c o m p le t io n  of th e  p ro je c t  th e  d a t a  c a n  b e  u s e d  

b y  th e  o th e r s  in a n y  o th e r  e ffe c tiv e  m a n n e r .
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T h e  d i s a d v a n t a g e s  of G IS  for a s s e s s i n g  la n d s l id e  h a z a r d  in c lu d e  th e  follow.

1. T h e  la rg e  a m o u n t o f tim e  n e e d e d  for d a t a  en try . D ig itiz ing  is v e ry  tim e- 

c o n s u m in g .

2. T h e  d a n g e r  of p la c in g  to o  m u c h  e m p h a s i s  on  th e  d a ta  a n a ly s is  a s  s u c h , 

a t  th e  e x p e n s e  of d a t a  c o lle c tio n  a n d  m a n ip u la tio n  b a s e d  on 

p ro fe s s io n a l  e x p e r ie n c e .  It is p o s s ib le  to  u s e  m a n y  d if fe re n t te c h n iq u e s  

of a n a ly s is , b u t  o ften  th e  n e c e s s a r y  d a ta  a r e  m is s in g . เท o th e r  w o rd s , th e  

to o ls  a r e  a v a ila b le  b u t  c a n n o t  b e  u s e d  d u e  to  th e  lack , o r u n c e r ta in ty , of 

in p u t d a ta .

2 .8  B a s ic  c o n c e p ts  on  e v a lu a tio n  o f th e  p o te n tia l fo r  d e b r is - f lo w s  and  re la ted  

s e d im e n t- flo w s

B a sic  c o n c e p t s  o n  e v a lu a tio n  of th e  p o te n tia l fo r d e b r is - f lo w s  a n d  re la te d  

s e d im e n t- f lo w s  a r e  b riefly  re v ie w e d  from  th e  r e la te d  l ite ra tu re s  b e lo w .

T h e  te rm  la n d s l id e  in c lu d e s  a  w id e  v a r ie ty  of p r o c e s s e s  th a t  re s u lt  เท th e  

d o w n w a rd  a n d  o u tw a rd  m o v e m e n t of s lo p e - fo rm in g  m a te r ia ls . T h e  m a s s  m a y  m o v e  b y  

a n y  ty p e s  of five p r in c ip le  ty p e s  of m otion : falling , to p p lin g , s lid in g , s p r e a d in g ,  or 

flow ing , o r c o m b in a t io n s  o f t h e s e  (V a rn e s , 19 78 ). A s b o th  th e  k ind  of in v o lv ed  m a te ria l 

a n d  th e  m o v e m e n ts  a r e  o f im p o r ta n c e  in all p h a s e s  of la n d s l id e  in v e s tig a tio n --fro m  

re c o g n itio n  to  m itig a tio n — th e s e  tw o  fa c to rs , n a m e ly , ty p e  of m o v e m e n t a n d  ty p e  of 

m a te r ia l, a r e  g e n e ra l ly  u s e d  to  iden tify  ty p e s  of la n d s l id e . E a c h  re g io n  h a s  its d is tin c tiv e  

s u ite  of p ro b le m s  th a t  a r e  d e te rm in e d  b y  th e  c h a r a c te r is t ic s  of g e o lo g y , to p o g ra p h y ,  

c lim a te , a n d  o th e r  ae ria l fa c to rs . M o reo v e r, e a c h  k ind  o f la n d s l id e  p r o c e s s  r e q u ire d  its 

ow n  k ind  of r e s p o n s e  d ir e c te d  to w a rd  re c o g n itio n , a v o id a n c e ,  o r m itiga tio n .

W ith th e s e  b a s ic  id e a s  in m in d , th e  g o a ls  of th e  la n d s l id e  p r o c e s s  a n d  p re d ic tio n  

s e g m e n t  c a n  b e  s u m m a r iz e d  a s  follow:

■  To d e te rm in e  th e  in h e re n t  g e o lo g ic ,  to p o g r a p h ic ,  a n d  h y d ro lo g ic  

c o n d it io n s  th a t  s e t  th e  s t a g e  for s lo p e  fa ilu re s ,



■  To d e te rm in e  th e  fa c tu re s ,  e i th e r  n a tu ra l, s u c h  a s  s to rm s  a n d  

e a r th q u a k e s ,  o r  m a n - in d u c e d  th a t  le a d  to  c h a n g e  s lo p e  s tab ility ,

■  To a n a ly z e  th e  tim e , p h y s ic a l  s e t t in g , m e c h a n is m , ra te , a n d  e x te n t  of 

p a s t  fa ilu re s  in o rd e r  to  d e v e lo p  c a p a c i ty  to  p r e d ic t  fu tu re  fa ilu re s ,

■  To a c q u i r e  n e w  k n o w le d g e  of s lo p e  fa ilu re  p r o c e s s e s  th a t  is a p p l ic a b le  

to  m e th o d  for a v o id in g , p re v e n tin g , o r m itig a tio n  d a m a g e ,  a n d

■  To p r e s e n t  c o n c lu s io n s  r e g a rd in g  h a z a r d o u s  s lo p e  p r o c e s s e s  in fo rm s  

s u i ta b le  to  d e v is e  m e th o d s  to  m a p  a n d  a s s e s s  th e  d e g r e e  of h a z a r d  in 

la rg e  o r sm all a r e a s .

T h e  s e v e ra l  s t e p s  th a t  a r e  n e c e s s a r y  to  r e a c h  th e s e  g o a ls  a r e  a s  follow:

1 ) Iden tify  th o s e  s lo p e  p r o c e s s e s  th a t  a r e  h a z a rd o u s ,

2) D e te rm in e  th e  re la tiv e  d e g r e e  o f h a z a r d  a n d  risk  p r e s e n te d  b y  th e  

v a r io u s  p r o c e s s e s  of s lo p e  fa ilu re ,

3) Iden tify  g a p s  in k n o w le d g e  r e g a rd in g  b e lo w  to p ic s

a) M e th o d s  for re c o g n itio n  of u n s ta b le  a r e a s ,

b ) P re d ic tio n  of p la c e ,  e x te n t, tim e, a n d  p o te n tia l  d a m a g e  of 

fa ilu re s , a n d

c) D e v ise  t e c h n iq u e s  to  a v o id , p re v e n t , o r  m itig a te  la n d s l id e  

h a z a r d s  a n d  d a m a g e .

บ .ร . G e o lo g ic a l S u rv e y  (1 9 8 2 ) e x p la in e d  th a t  th e  re la tio n  o f d e b r i s  flow s to 

w e a th e r - r e la te d  tr ig g e r in g  e v e n ts  p r e s e n t s  p ro b le m s  in p re d ic tin g  tim e  a n d  p la c e  th a t 

in v o lv es  n o t on ly  th e  g e o lo g ic  a n d  to p o g r a p h ic  s e t t in g  b u t  a ls o  re g io n a l a n d  local 

m e te o ro lo g ic a l  c o n d it io n s . To im p ro v e  th e ir  p re d ic tiv e  c a p a b i li ty  a  c o o rd in a te d  

c o m b in a tio n  of fie ld , la b o ra to ry , a n a ly tic a l, a n d  s ta tis t ic  s tu d ie s  s h o u ld  b e  u n d e r ta k e n  b y  

th e  fo llow ing  s p e c i f ic  ta s k s :

■  C o n s tru c t  a n a ly tic a l , n u m e ric a l, a n d  la b o ra to ry  p h y s ic a l  m o d e ls  to  h e lp  

u n d e r s ta n d  th e  g e n e ra t io n  a n d  m e c h a n ic a l  b e h a v io r  of d e b r i s  flow s,

■  U n d e r ta k e  g e o te c h n ic a l  in v e s t ig a tio n s  to  c h a r a c te r iz e  h ills id e  so ils  in 

p o te n tia l d e b r is - f lo w  s o u r c e  a r e a s  to  d e te rm in e  w h ic h  soil ty p e s  a r e  m o s t
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s u s c e p t ib le  to  o v e rs a tu ra tio n  a n d  m o b iliza tio n  u n d e r  h e a v y  p re c ip ita tio n , 

sn o w -m e lt, o r th a w in g  of f ro z e n  g ro u n d ,

■  P ro v id e  in s tru m e n ta tio n  a t  fie ld  lo c a tio n s  to  m o n ito r p re c ip ita tio n , 

g ro u n d w a te r  le v e ls , a n d  m o v e m e n ts  in p o te n tia l d e b r is  flow s o u r c e  

a r e a s ,

■  A u g m e n t e x is tin g  d a ta  b a s e s  a n d  c o n s tru c t  s ta tis tic a l  m o d e ls  re la tin g  

d e b r i s  flow to  m a p a b le  p a r a m e te r s  s u c h  a s  b e d r o c k  litho logy , soil ty p e , 

s lo p e ,  v e g e ta tio n , a n d  p re c ip ita tio n ,

■  D e te rm in e  th e  e ffe c t of d e n u d a tio n  of v e g e ta t io n  (d u e  to  fo re s t  fires, 

t im b e r  c le a r-c u tt in g , a n d  s o  forth) on  s u b s e q u e n t  e ro s io n  a n d  

d o w n s tre a m  s e d im e n ta t io n  p a t te rn s  a s  re la te d  to  d e b r i s  flow,

■  R e c o n s tru c t  a  h is to ry  of c lim a tic  v a ria tio n  in th e  r e c e n t  g e o lo g ic a l  r e c o rd  

of a  c lim a te  a re a ,

■  D e v ise  a n d  im p ro v e  te c h n iq u e s  to  find  d a te  of th e  r e c e n t  g e o lo g ic  

fe a tu re s  for d e te rm in in g  th e  tim ing  a n d  f r e q u e n c y  of d e b r i s  flow s,

■  C o n d u c t  s ta tis t ic  s tu d ie s  of r e c e n t  rainfall h is to r ie s  of s e l e c t e d  m a p p in g  

a r e a s  to  in v e s t ig a te  e f fe c ts  of rainfall v a r ia tio n s  d u rin g  d ro u g h t-w e t  
c y c le s ,  a n d

■  O rg a n iz e  te a m s  of s c ie n t i s ts  a n d  e n g in e e r s  to  in v e s t ig a te  m a jo r d e b r is -  

flow  e v e n ts  d u r in g  a n d  im m e d ia te ly  a f te r  th e y  o c c u r .

Ik ey a  (1 9 7 4 ) p r o p o s e d  th r e e  m a in  c a u s e s  for d e b r i s  flow s a s  follow: (1) 

s e d im e n ts  p r o d u c e d  b y  b re a k in g  u p  hill s lo p e s  m ix w ith w a te r  a n d  flow  d o w n , (2) 

c o l la p s e d  s e d im e n ts  d a m  u p  a  river a n d  d a m  o u tb u rs ts ,  a n d  (3) r iv e rb e d  d e p o s i t  

e x p e r i e n c e s  s tro n g  s c o u r in g  a c tio n .

T akei (1 9 8 0 ) p ro v id e d  a  m o re  d e ta i le d  list of c a u s e s  for d e b r i s  flow s a s  follow:

■  H igh  rainfall in te n s ity  in a  s h o r t  p e r io d  of tim e  a f te r  a  p e r io d  o f c o n tin u o u s  

rainfall.

■  H igh  rainfall in te n s ity  in a  s h o r t  p e r io d  of tim e  in a n  a r e a  w ith n ew

v o lc a n ic  s e d im e n ts .
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■  U n s ta b le  s e d im e n ts  o n  s t e e p  to r re n t b e d s  (> 2 0 ° )  b e c o m e  s a tu r a te d ;  

l iq u e fa c tio n  o c c u r s  a s  a  re su lt  of th e  im p a c t  o f s u r f a c e  runoff.

■  C o l la p s e d  m a te r ia ls  flow d o w n  c a rry in g  w a te r  a n d  s e d im e n t  from  th e  

to r re n t b e d .

■  C o l la p s e d  s e d im e n ts  b lo c k  a  to r re n t s tr e a m  to  form  n a tu ra l d a m  th e n  

b re a k  a llow in g  th e  c o l la p s e d  s e d im e n ts  a n d  w a te r  to  form  a  d e b r is  flow

■  L a n d s l id e  m a te r ia ls  tu rn  into a  d e b r i s  flow a s  a  re su lt  o f liq u e fa c tio n .

■  E a r th q u a k e s  o r v ib ra tio n s  from  v o lc a n ic  e ru p t io n s  c a u s e  p a r ts  of s lo p e s  

to  b re a k  off a n d  th e  flow ing  to r re n t b e d  s e d im e n t  liq u e fie s .

■  O th e r  c a u s e s  e .g .  p y ro c la s t ic  flow  (v o lc a n ic  e ru p tio n ) , a n d  ra p id  m e lting  

sn o w .

W ie c z o re k  a n d  o th e r s  (1 9 8 3 ) s u m m a r iz e d  th a t  a b u n d a n t  c o a r s e - g r a in e d  

s e d im e n t  c a n  b e  t r a n s p o r te d  a n d  d e p o s i t e d  b y  tw o  p r o c e s s e s ,  d e b r i s  flow  a n d  d e b r is  

flood . B oth p r o c e s s e s  c o m m o n ly  o c c u r  d u r in g  p e r io d s  of r a p id  a c c u m u la t io n  of w a te r  to 

th e  l a n d s c a p e ,  e ith e r  b y  rainfall o r  sn o w m e lt. เท d e b r i s  flow, w a te r  a n d  soil m a te r ia ls  

in c lu d in g  ro c k s  c o m b in e  to  form  m u d d y  s lu rry  m u c h  like v e ry  w e t c o n c re te ,  

c o n s id e r a b ly  m o re  v is c o u s  th a n  flow ing  w a te r  th a t  m o v e s  d o w n -c a n y o n  w ith a  fron t 

a rm o re d  of c o a r s e - g r a in e d  m a te r ia ls  s u c h  a s  b o u ld e rs .  D e b ris  flow s m a y  le a v e  le v e e s  

a lo n g  th e  e d g e s  of th e  flow  th a t  in d ic a te  la te ra l a n d  v e rtic a l d im e n s io n s  of th e  flow  front. 

เท d e b r is  flo od , soil m a te r ia ls  w ith a  g r e a t e r  re la tiv e  p ro p o r tio n  of w a te r  a r e  t r a n s p o r te d  

b y  fa s t-m o v in g  flood  w a te r s .  D e p o s its  fo rm e d  b y  d e b r is  flood  c a n  b e  d is t in g u is h e d  from  

th o s e  of d e b r i s  flow b y  g r e a te r  d e g r e e  of so r tin g  th o s e  g e n e ra l  c h a r a c te r iz e d  w a te r 

b o rn e  d e p o s i t s .  D e b r is  flow  d e p o s i t s ,  in c o n tr a s t ,  a r e  c h a ra c te r is t ic a l ly  p o o r ly  s o r te d , 

s h o w in g  th a t ro c k  f r a g m e n ts  s u s p e n d e d  ra n d o m ly  in p o o r ly  s o r te d  m atrix  ty p ica lly  

c o n s is t in g  of silty  s a n d  w ith a  sm a ll b u t  s ig n if ic a n t c o n te n t  o f c lay . D e b ris  flow  a n d  

d e b r i s  f lo od  m a y  w ell form  a  c o n tin u u m . A s w a te r  c o n te n t  of a  d e b r i s  flow is in c r e a s e d ,  

its p la s t ic  s tr e n g th  d e c r e a s e d  a b ru p tly  a n d  its v is c o s i ty  a p p r o a c h e s  th a t  of flow ing  w a te r  

w ith e n tra in e d  s e d im e n t .

T h e  c a re fu l e v a lu a tio n  of p o te n tia l fo r d e b r i s  flow s a n d  d e b r i s  f lo o d s  s h o u ld  

a d d r e s s  th e  fo llow ing  q u e s t io n s  (W ie c z o re k  a n d  o th e rs , 1983 ):
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1) R e la tio n s  b e tw e e n  rainfall ( o r s n o w m e lt) , g ro u n d -w a te r  lev e ls , a n d  

la n d s l id e  m o v e m e n t,

2) S tab ility  of th e  p a r t ly - d e ta c h e d  la n d s l id e s ,

3) P r o c e s s  of t ra n s fo rm a tio n  from  la n d s l id e  to  d e b r i s  flow,

4) In c o rp o ra tio n  of c h a n n e l  m a te r ia ls  b y  d e b r i s  flow,

5) T ran s itio n  from  d e b r i s  flow  to  d e b r is  flood ,

6) F a c to rs  th a t  co n tro l d e b r i s  flow  ru n -o u t, a n d

7) R e c u r re n c e  of d e b r i s  f lo o d s  a n d  d e b r i s  flow s a t  c a n y o n  m o u th s .

V a rn e s  (1 9 8 4 ) p r o p o s e d  th a t  la n d s l id e s  a r e  in h e re n t p a r ts  of th e  e n v iro n m e n t 

th a t  re q u ire  co n tro l a n d  m a n a g e m e n t  s tr a te g y . H a z a r d s  th e m s e lv e s  a r e  n o t d is a s t e r  b u t 

ra th e r  a  fa c to r  เท c a u s in g  a  d is a s te r .  H a z a r d s  a r e  n a tu ra l a g e n t s  th a t  t ra n s fo rm  a 

v u ln e ra b le  c o n d itio n  into a  d is a s te r .  T e rm in o lo g y  re la te d  to  h a z a r d s  a n d  d i s a s t e r s  h a s  

n u m e ro u s  d e fin itio n s  d e p e n d in g  on  th e  p a r t ic u la r  n a tu re  o r s p e c ia l  in te re s t  of th e  p e r s o n  

o r o rg a n iz a tio n  c o n c e r n e d .  It s h o u ld  th e re fo re  b e  a  g r e a t  v a lu e  if a  m o re  g e n e ra l  a n d  

in te rn a tio n a lly  a c c e p te d  d efin ition  c o u ld  b e  a p p l ie d  to  th e s e  te rm s .

V a rn e s  (1 9 8 4 ) a ls o  s p e c i f ie d  th a t  th e  p a r a m e te r s  c o n s id e r  fo r a s s e s s m e n t  of th e  

la n d s l id e  h a z a rd ,  v u ln e ra b ility  a n d  r isk s  in c lu d e d  a  la n d s l id e  m a p  (b o th  of r e c e n t  a n d  

o ld  la n d s l id e s ) ,  m a jo r  la n d  u s e /c o v e r  c a te g o r ie s ,  to p o g r a p h ic  fa c to rs , e tc .  S y n th e s iz in g  

from  th e  a s s e s s m e n t  of th e  la n d s l id e  h a z a rd ,  v u ln e ra b ility  a n d  r isk s  m e n tio n e d  a b o v e , 

th e  la n d s l id e  h a z a rd  m a n a g e m e n t  tool w o u ld  b e  c o n d u c te d  to  a id  เท th e  id e n tif ica tio n  of 

th e  o c c u r r e n c e  of la n d s l id e s ,  of th e  d e g r e e  of lo s s  a s  a  fa c to r  of v u ln e ra b ility , a n d  w o u ld  

u ltim a te ly  a llow  th e  a s s e s s m e n t  of risk  from  la n d s l id e s .  T h e re fo re , risk  a s s e s s m e n t s  a re  

a  c o m b in a tio n  o f h a z a r d  a n d  v u ln e ra b ility  m e a s u r e m e n ts  th a t  will a s s i s t  w ith p re d ic tin g  

lo c a tio n s  w h e re  la n d s l id e  e v e n ts  m ig h t c a u s e  d a m a g e  เท e a c h  s tu d y  a re a .

H a n s e n  (1 9 8 4 ) p r e s e n te d  th a t m a s s  m o v e m e n ts  เท m o u n ta in o u s  te rra in  w e re  of 

th e  n a tu ra l d e g ra d a t io n a l  p r o c e s s e s .  M ost of th e  te rra in  เท m o u n ta in o u s  a r e a s  h a s  b e e n  

s u b je c t e d  to  s lo p e  fa ilu re  a t  le a s t  o n c e , u n d e r  th e  in f lu e n c e  of a  v a r ie ty  of c a s u a l  fa c to rs , 

a n d  t r ig g e r e d  b y  e v e n ts  s u c h  a s  e a r th q u a k e s  o r e x tre m e  rainfall. M a ss  m o v e m e n ts  

b e c o m e  p ro b le m  w h e n  th e y  in te rfe re  h u m a n  activ ity . T h e  f r e q u e n c y  a n d  th e  m a g n i tu d e
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of s lo p e  fa ilu re s  m a y  in c r e a s e  d u e  to  s o m e  h u m a n  ac tiv itie s , s u c h  a s  d e fo re s ta t io n  or 

u rb a n  e x p a n s io n . เท d e v e lo p in g  c o u n tr ie s , th is  p ro b le m  is e s p e c ia l ly  g r e a t  d u e  to  ra p id  

n o n - s u s ta in a b le  d e v e lo p m e n t  of n a tu ra l r e s o u r c e s .  L o s s e s  d u e  to  m a s s  m o v e m e n ts  a re  

e s t im a te d  to  b e  o n e  q u a r te r  of th e  to tal l o s s e s  c a u s e d  b y  n a tu ra l h a z a r d s .

In n é s  (1 9 8 5 ) re p o r te d  th a t  th e  f r e q u e n c y  of d e b r is  flow  e v e n ts  from  ind iv idual 

s o u r c e  a r e a s  w a s  c o n tro lle d  b y  th e  ra te  of a c c u m u la t io n  เท h o llo w s o r c h a n n e ls ,  a n d  b y  

th e  r e c u r r e n c e  of c lim a tic  tr ig g e r in g  e v e n ts .  B e c a u s e  th e  ra te  of a c c u m u la te d  d e b r is  

w a s  lim ited , th e re  m u s t  b e  a n  u p p e r  limit to  th e  m a g n i tu d e - f r e q u e n c y  of d e b r is  flow s.

C ra z ie r  (1 9 8 6 ) p r o p o s e d  th a t  m itiga tio n  of la n d s l id e  d i s a s t e r s  c o u ld  b e  

s u c c e s s f u l  on ly  w h e n  d e ta i le d  k n o w le d g e  w a s  o b ta in e d  a b o u t  th e  e x p e c te d  f re q u e n c y , 

c h a r a c te r ,  a n d  m a g n i tu d e  of m a s s  m o v e m e n t เท a n  a re a .  T h e  z o n a tio n  o f la n d s l id e  

h a z a r d  m u s t  b e  th e  b a s is  fo r a n y  la n d s l id e  m itiga tio n  p ro je c t  a n d  s h o u ld  s u p p ly  

p la n n e r s  a n d  d e c is io n -m a k e r s  w ith a d e q u a t e  a n d  u n d e r s ta n d a b le  in fo rm ation . A n a ly s is  

of la n d s l id e  h a z a r d  w a s  a  c o m p le x  ta s k , a s  m a n y  fa c to rs  c o u ld  p la y  a  ro le  เท th e  

o c c u r r e n c e  of m a s s  m o v e m e n ts .

O s te rk a m p  a n d  H u p p  (1 9 8 7 ) r e p o r te d  th a t r a d io c a rb o n  d a t in g , l ic h e n o m e try  a n d  

d e n d ro c h ro n o lo g y  h a d  p ro v e d  to  b e  v e ry  u se fu l t e c h n iq u e s  เท e s t im a tin g  d e b r i s  flow 

r e c u r r e n c e .

H u tc h in so n  (1 9 8 8 ) c o n c lu d e d  th a t  s o m e  la n d s l id e s  m o v e d  slow ly  a n d  c a u s e  

d a m a g e  g ra d u a lly , w h e r e a s  o th e r s  m o v e d  s o  ra p id ly  th a t  th e y  c o u ld  d e s tr o y  p ro p e r ty  

a n d  to o k  lives s u d d e n ly  a n d  u n e x p e c te d ly . D e b ris  flow s w e re  c o m m o n  ty p e s  of fa s t-  

m o v in g  la n d s l id e s  o r flow s. T h ey  w e re  p o te n tia lly  a  v e ry  d e s tr u c t iv e  from  of m a s s  

m o v e m e n t  เท m o u n ta in o u s  a r e a s ,  w h e re  s u d d e n  a c c e s s  of w a te r , u su a lly  from  h e a v y  

rainfall o r m e ltin g  sn o w , c o u ld  m o b iliz e  d e b r is  m a n tlin g  th e  s lo p e s  a n d  in c o r p o ra te d  it 

into a  d e b r i s  flow. D e b ris  flow s from  m a n y  d if fe re n t s o u r c e s  c o u ld  c o m b in e  เท c h a n n e ls  

w h e re  th e ir  d e s tr u c t iv e  p o w e r  m ig h t b e  g re a t ly  in c r e a s e d .  T h ey  c o n tin u e d  flow ing d o w n  

hills a n d  th ro u g h  c h a n n e ls ,  g ro w in g  เท v o lu m e  w ith th e  a d d itio n  of w a te r , s a n d ,  m u d , 

b o u ld e rs ,  t r e e s ,  a n d  o th e r  m a te r ia ls .
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Van  W es te n  (1 993 ) s u m m a r iz e d  th a t a w id e  v a r ie ty  o f n am es  had  b een  u sed  fo r  

th e  d e n u d a tio n a l p ro c e s s  w h e re b y  so il o r ro c k  w a s  d is p la c e d  a lo n g  th e  s lo p e  b y  m a in ly  

g ra v ita t io n a l fo rc e s . The  n am es  m o s t fre q u e n tly  u se d  a re  s lo p e  m o vem en t, m ass  

m ovem en t, m a ss  w a s tin g , a n d  la n d s lid e . เท the  la s t d e c a d e s  la n d s lid e  w a s  th e  te rm  

m o s t u se d , th o u g h  เท the  n a rrow  s e n se  o f th e  w o rd  (se n su  s tr ic tu )  it o n ly  in d ic a te s  a 

s p e c if ic  ty p e  o f s lo p e  m o ve m e n t w ith  a s p e c if ic  c o m p o s it io n , fo rm  a n d  s p e e d .

V an  W es te n  (1 994 ) a lso  p ro p o s e d  th a t la n d s lid e  d is a s te rs  c o u ld  h a ve  b een  

p re v e n te d  o r m it ig a te d  if th e re  w e re  p ro p e r  p re c a u tio n s . T he  p re c a u tio n s  c o u ld  b e  e ith e r  

to  s ta b iliz e  th e  s lid e -p ro n e  s lo p e s  o r to  a vo id  the  s lid e -p ro n e  a rea s . เท e ith e r a p p ro a ch , 

la n d s lid e - re la te d  in fo rm a tio n  o f th e  a rea  m u s t b e  know n . H e  a lso  c o n c lu d e d  th a t the  

in fo rm a tio n  re q u ire d  fo r  a n a ly z in g  la n d s lid e  h a za rd s  s h o u ld  in c lu d e  th a t in th e  fo llo w in g  

c a te g o r ie s .

■  g e o m o rp h o lo g y : te rra in  m a p p in g  un its , g é o m o rp h o lo g ie  un its ,

g é o m o rp h o lo g ie  s u b u n its , la n d s lid e  (re ce n t) , la n d s lid e  (o ld e r  p e r io d )

■  to p o g ra p h y : d ig ita l te rra in  m ode l (D TM ), s lo p e  m a p , s lo p e  d ire c t io n  m ap , 

b re a k s  o f s lo p e , c o n c a v it ie s /c o n v e x it ie s

■  e n g in e e r in g  g e o lo g y : lith o lo g y , m a te r ia l s e q u e n ce s , s a m p le  p o in ts , fa u lt 

& lin e am en ts , s e is m ic  e ven ts

■  la n d  use : (re ce n t) in fra s tru c tu re , (o ld e r) in fra s tru c tu re , ( re ce n t)  la nd  use, 

(o ld e r) la nd  use , c a d a s tra l b lo c k s ; a nd

■  h y d ro lo g ic a l d a ta : d ra in a g e , c a tc h m e n t a rea s , m e te o ro lo g ic a l d a ta , 

w a te r ta b le .

A c c o rd in g  to  th e  in c re a s in g  a v a ila b ility  o f rem o te  se n s in g  te c h n o lo g y  and  

g e o g ra p h ic  in fo rm a tio n  s y s te m s  (G IS ) d u r in g  th e  la s t d e c a d e s  has c re a te d  o p p o r tu n it ie s  

fo r a m o re  d e ta ile d  a n d  ra p id  a n a ly s is  o f la n d s lid e  h a za rd  in la rg e  a rea s . W es te n  (1 9 9 4 )  

a lso  a p p lie d  th e se  te c h n o lo g ie s  in th e  a n a ly s is  o f la n d s lid e  h a za rd  th a t re q u ire s  a la rg e  

n u m b e r o f in p u t p a ra m e te rs . T he  te c h n iq u e s  o f a n a ly s is  m ig h t b e  v e ry  c o s t ly  a n d  tim e -  

c o n s u m in g , h ow eve r.
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C o rom in a s  a n d  o th e rs  (1996 ) d e f in e d  a d e b r is  f low  as a ra p id  m ass  m o ve m e n t 

o f a m ix tu re  o f fin e  a n d  c o a rs e  m a te r ia l, w ith  a v a r ia b le  q u a n tity  o f w a te r, th a t fo rm e d  

m u d d y  s lu r ry  w h ic h  m o ve d  d o w n s lo p e , u su a lly  in s u rg e s  in d u c e d  b y  g ra v ity  a n d  the  

s u d d e n  c o lla p s e  o f r iv e r b a n k  m a te r ia l. T h ree  d is t in c t iv e  e lem e n ts  in v o lv e d  in a d e b r is  

f lo w  w e re  th e  s o u rc e  a rea , th e  m a in  tra c t, a nd  th e  d e p o s it io n a l toe . The  flo w s  c o m m o n ly  

fo llo w e d  p re -e x is t in g  d ra in a g e  w a ys . T he  tra c ts  h a d  a V -s h a p e  o r re c ta n g u la r  c ro s s -  

se c tio n . S om e  o f th e  c o a rs e  d e b r is  m ig h t b e  h e a p e d  up  a lo n g  th e  s id e s  o f th e  tra c k  

fo rm in g  la te ra l r id g e s . D e b ris  f low  d e p o s its  w e re  le ft w h e re  th e  ch a nn e l g ra d ie n t  

d e c re a s e d  o r a t th e  to e  o f m oun ta in  fro n ts . S u c c e s s iv e  s u rg e s  m ig h t b u ild  up  in to  a 

d e b r is  fan . S om e  d e b r is  f lo w s  h a d  h ig h  e n e rg y , th e ir  d e p o s its  c o u ld  tra ve l lo ng  

d is ta n c e s  b e y o n d  th e  s o u rc e  a rea . The  d e p o s its  o f th e se  low  v is c o s ity  d e b r is  flow s  

s p re a d e d  o u t in a rea s  o f d e c re a s e d  c o n fin e m e n t to  fo rm  a llu v ia l fa n s . C o rom in a s  and  

o th e rs  (1 996 ) a lso  d e s c r ib e d  th a t th e  s o c io -e c o n o m ic  im p a c t a n d  the  lo ss o f life , 

p ro p e r ty  a n d  a g r ic u ltu re  c o u ld  b e  c a ta s tro p h ic  in the  c a s e  o f la rg e  d e b r is  flow s  th ro u g h  

p o p u la te d  a rea s . H ow eve r, s m a lle r  d e b r is  flow s  m ig h t a ls o  c a u s e  s e r io u s  d a m a g e , 

e s p e c ia lly  in u p la n d  w a te rs h e d s  o f m o un ta in o u s  re g io n s  (e .g . d e s tro y in g  houses , ro ad s , 

ra ilw a y s  a n d  b r id g e s ) . T he  d e p o s its  w e re  a lso  re s p o n s ib le  fo r  se ve re  in d ire c t d a m a g e  

an d  h a za rd s  s u ch  as d a m m in g  o f r iv e rs  o r s u d d e n  d e b r is  s u p p ly  to  r iv e r  s y s te m s . It w a s  

e sse n tia l th a t th e  p o te n tia l s o u rc e  a rea s  a n d  ru n -o u t zo n es  w e re  c o r re c t ly  a s s e s s e d  and  

m itig a t io n  m e a su re s  a d o p te d  u s in g  m o d e rn  m a p p in g  a nd  m o n ito r in g  te c h n iq u e s .

บ .ร . N ationa l R esea rch  C ounc il (1 996 ) re p o r te d  th a t d e b r is  f lo w s  c o u ld  re su lt 

from  the  e x is te n c e  o f a la rg e  p e rc e n ta g e  (u p  to  7 0 -9 0%  o f f lo w  b y  w e ig h t)  o f fin e  

s e d im e n t s u ch  as s ilt a n d  c la y  in s te e p ly - f lo w in g  f lo o d w a te rs . Th is e n a b le d  the  m u d d y  

f lo w  to  tra n s p o r t s a n d , g ra ve l, b o u ld e rs , a n d  d is lo d g e d  t im b e r  a n d  b ru s h  from  th e  

m oun ta in  w a te rs h e d  o n to  a fan  s u r fa ce . C o n d it io n s  fa v o r in g  the  fo rm a tio n  o f d e b r is  

f low s  a re : a v a ila b le  u n c o n s o lid a te d  s ilt, c la y  a n d  la rg e r  ro c k  in the  b a s in  w a te rs h e d  (d ue  

to  m in im a l v e g e ta t io n ) , h e a v y  o r s u s ta in e d  ra in fa ll in th e  b a s in , a n d  th e  p re s e n c e  o f 

s te e p  b a s in  a n d  fan  s lo p e s . Fans w h ic h  had  b een  fo rm e d  from  re p e a te d  d e b r is  flow  

a c tiv ity  w e re  c a lle d  d e b r is  fans , a n d  w e re  c o m p o s e d  o f d e p o s its  o f ro c k , so il a nd  

v e g e ta t io n  from  the  u p s tre am  w a te rs h e d . A llu v ia l fan s , a n d  f lo o d in g  on a llu v ia l fans ,
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s h o w e d  a g re a t d iv e rs ity  b e c a u s e  o f v a r ia t io n s  in c lim a te , fan  h is to ry , ra te s  a n d  s ty le s  o f 

te c to n ism , s o u rc e  a rea  lith o lo g y , v e g e ta t io n , a n d  la nd  use . A c k n o w le d g in g  th is  d iv e rs ity , 

the  บ .ร . N ationa l R esearch  C ounc il's  d o c u m e n t p ro v id e d  an a p p ro a c h  th a t c o n s id e re d  

s ite -s p e c if ic  c o n d it io n s  in the  id e n tif ic a t io n  a n d  m a p p in g  o f f lo o d  h a za rd s  on a llu v ia l 

fa n s . In v e s t ig a tio n  a nd  a n a ly s is  o f th e  s ite -s p e c if ic  c o n d it io n s  m ig h t re q u ire  k n o w le d g e  

in v a r io u s  d is c ip lin e s  s u ch  as g e o m o rp h o lo g y , so il s c ie n c e , h y d ro lo g y , a n d  h y d ra u lic  

e n g in e e r in g . A lth o u g h  th e  s c o p e  o f s tu d y  m ig h t c o n s tra in  th e  d e g re e  o f s ite -s p e c if ic  

c o n s id e ra t io n  u n de rta ke n , it w a s  e sse n tia l th a t f ie ld  in s p e c tio n s  o f th e  a llu v ia l fan  s h o u ld  

be  c o n d u c te d .

บ .ร . N a tio na l R esea rch  C ou n c il (1 996 ) fu r th e r p ro v id e d  g u id a n c e  fo r  the  

id e n tif ic a t io n  a n d  m a p p in g  o f f lo o d  h a za rd s  o c c u r r in g  on a llu v ia l fan s , ir re s p e c tiv e  o f the  

le ve l o f fan  fo rm in g  a c tiv ity . The  te rm  a llu v ia l fan  f lo o d in g  e n c o m p a s s e s  w h a t w o u ld  la te r  

b e  d e s c r ib e d  as a c tiv e  a llu v ia l fan  f lo o d in g  a nd  in a c tiv e  a llu v ia l fan  f lo o d in g . เท g e ne ra l, 

th e  c r ite r ia  u sed  to  a sse ss  w h e th e r o r n o t an a rea  w a s  s u b je c t to  a llu v ia l fan  f lo o d in g ,  

an d  d e fin in g  the  sp a tia l e x te n t o f s u ch  flo o d in g , c o u ld  b e  d iv id e d  in to  th re e  s ta g e s : 

n a m e ly

1) R e co g n iz in g  a n d  c h a ra c te r iz in g  a llu v ia l fan  la n d fo rm s ,

2) D e fin in g  the  a llu v ia l fan  e n v iro n m e n t a n d  id e n tify in g  a c t iv e  a n d  in a c tiv e  

c o m p o n e n ts  o f th e  fans ; a nd

3) D e fin in g  a n d  c h a ra c te r iz in g  a rea s  o f th e  fan  a ffe c te d  b y  the  10 0 -y e a r flo o d .

M iy a jim a  (2 001 ) d e f in e d  d e b r is  flow s  as a m ix tu re  o f lo o se  so il, ro cks , o rg a n ic  

m a te r ia l, a n d  w a te r th a t m o ve d  ra p id ly  d o w nh ill d e s tro y in g  e v e ry th in g  in its p a th . เท 

o rd e r  to  m it ig a te  the  d a m a g e s  c a u s e d  b y  th e  flow s , it w a s  n e c e s s a ry  to  h a ve  a g o o d  

u n d e rs ta n d in g  o f th e ir  m e ch a n ism s . H e  c o n c lu d e d  th a t d a ta  c o lle c t io n  is an im p o r ta n t 

f ir s t s te p  in s tu d y  o f d e b r is  flow . H e  a lso  s u m m a r iz e d  so m e  c h a ra c te r is t ic s  (v e lo c ity  a nd  

un it w e ig h t, c a u se s , a n d  ty p e s ) o f d e b r is  f lo w s  a nd  o u tlin e d  the  ty p e  o f d a ta  th a t n e e d e d  

to  b e  c o lle c te d  in su rve y .

G ira u d  (2002 ) a lso  re v e a le d  th a t th e  c h a ra c te r  o f p a s t d e b r is - f lo w  d e p o s its  

p ro v id e d  a b a s is  fo r d e te rm in in g  the  n a tu re  o f fu tu re  d e b r is - f lo w  d e p o s it io n  a n d  the
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a s s o c ia te d  h a za rd s  d u e  to  im p a c t, in u n d a tio n , a n d  b u ria l. The  f in d in g s  o f th is  s tu d y  

re v e a le d  th a t th e  d ra in a g e  b a s in  s lo p e s  a n d  ch a n n e ls  s u p p lie d  s e d im e n t to  a llu v ia l fans, 

a n d  th e  s e d im e n t-s u p p ly  c o n d it io n s  g o v e rn e d  the  v o lu m e  a n d  fre q u e n c y  o f fu tu re  d e b r is  

f low s . H is to r ic a l re c o rd s  in d ic a te d  th a t 80  to  90  p e rc e n t o f d e b r is - f lo w  v o lu m e  w a s  

b u lk e d  from  d ra in a g e -b a s in  c h a n n e ls . T h e re fo re , e va lu a tio n  o f th e  d ra in a g e  b a s in  

fo c u s e d  on d e te rm in in g  the  v o lu m e  o f ch a nn e l s e d im e n t a v a ila b le  fo r  s e d im e n t b u lk in g . 

The  in v e n to ry  o f s e d im e n t s u p p ly  p ro v id e d  in fo rm a tio n  on the  c h a ra c te r , s ize , g ra d a tio n ,  

a n d  v o lu m e  o f s e d im e n t a v a ila b le  fo r  in c o rp o ra t io n  in to  fu tu re  f low s . The  flow  v o lu m e  

d e te rm in e d  from  s e d im e n t-b u lk in g  e s tim a te s  p ro v id e d  an in d e p e n d e n t c h e c k  fo r  flow  

vo lu m e s  d e te rm in e d  in th e  fan  e va lu a tio n .

G ira u d  (2 005 ) fu r th e r p ro p o s e d  the  g u id e lin e s  fo r  th e  g e o lo g ic  e va lu a tio n  o f 

d e b r is - f lo w  h a za rd s  on a llu v ia l fa n s  b y  the  e va lu a tio n  o f d e b r is - f lo w  h a za rd s  on a llu v ia l 

fa n s  th a t w a s  n e c e s s a r ily  fo r sa fe  a n d  a p p ro p r ia te  la nd  use  to  p re v e n t lo ss  o f life  and  

p ro p e r ty  d a m a g e . T hese  g u id e lin e s  o u tlin e  te c h n iq u e s  to  a d d re s s  d e b r is - f lo w  h a za rd s  

b y  e v a lu a tin g : the  p a s t f lo w s  on a llu v ia l fans , a n d  th e  d ra in a g e  b a s in  a n d  ch anne l 

s e d im e n t-s u p p ly  c o n d it io n s . U n d e rs ta n d in g  th e  p ro c e s s e s  th a t g o v e rn e d  d e b r is - f lo w  

in it ia t io n , tra n s p o r t in the  d ra in a g e  b a s in , s e d im e n t b u lk in g , a n d  d e p o s it io n  on the  

a llu v ia l fan  w e re  v ita l to  h a za rd  e va lu a tio n . The  g e o lo g ic  e va lu a tio n  o f p a s t flow s  on  

a llu v ia l fa n s  fo llo w e d  a tw o -s te p  p ro c e d u re  c o n s is t in g  o f an in itia l d e lin e a tio n  o f the  

a c tiv e  (g e n e ra lly  H o lo c e n e ) d e p o s it io n a l a rea , a n d  a s u b s e q u e n t d e ta ile d , s ite -s p e c if ic  

a n a ly s is  o f th e  h a za rd  w ith in  th e  a c tiv e  d e p o s it io n a l a rea . เท th e  d e ta ile d  fan  e va lu a tio n , 

f lo w - ty p e , fre q u e n c y , vo lu m e , a n d  ru n -o u t d a ta  w e re  c o lle c te d  to  c h a ra c te r iz e  the  

h a za rd  b a s e d  on the  p a s t d e b r is - f lo w  d e p o s its . S u rfic ia l g e o lo g ic  m a p p in g , d a tin g  

m e th o d s , a n d  s u b s u r fa c e  e xp lo ra t io n  w e re  u sed  to  in v e s tig a te  a n d  d e s c r ib e  the  

g e o m o rp h o lo g y , s e d im e n to lo g y , a n d  s tra t ig ra p h y  o f a llu v ia l- fa n  d e p o s its . D yn a m ic  

a n a ly s is  o f d e b r is  f lo w s - f lo o d s  u s in g  h yd ro lo g ic , hyd rau lic , and  o the r e ng in ee rin g  m e thods  

to  d e s ig n  s ite -s p e c if ic  r is k - re d u c tio n  m e a su re s  s h o u ld  a ls o  b e  a d d re s s e d  in th e se  

g u id e lin e s .
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2 .9  P re v io u s  in v e s t ig a t io n s  o n  e v a lu a t io n  o f  th e  p o te n t ia l fo r  d e b r is - f lo w s  a n d  re la te d  

s e d im e n t- f lo w s

The  p re v io u s  in v e s tig a t io n s  on e va lu a tio n  o f th e  p o te n tia l fo r  d e b r is - f lo w s  and  

re la te d  s e d im e n t- f lo w s  h a ve  b een  s tu d ie d  in m a n y  p a rts  o f th e  w o r ld . S om e  im p o r ta n t 

l ite ra tu re s  ha ve  b een  b r ie f ly  re v ie w e d  b e lo w  in c h ro n o lo g ic a l o rd e r  to  b e  the  

b a c k g ro u n d  in fo rm a tio n .

O w en  a n d  o th e rs  (1 995 ) c o n d u c te d  th e  s tu d y  o f m a ss  m o ve m e n t in d u c e d  bo th  

b y  sh a k in g  d u r in g  20  O c to b e r  1991 G ra hw a l e a r th q u a ke  a n d  b y  h e a vy  ra in fa lls  d u r in g  

th e  1992  m onsoon  se a so n  เท th e  B ha g ira th i a n d  J u m n a  c a tc h m e n t a rea s , G a rhw a l 

H im a la ya  to  a sse ss  th e ir  ro le  as na tu ra l h a za rd s . A v a la n c h in g  w a s  the  m a jo r m ass  

m o ve m e n t p ro c e s s  th a t o c c u r re d  d u r in g  the  e a rth q u a ke  a n d  d u r in g  th e  h e avy  

ทาon soona l ra in s , a n d  w a s  th e  g re a te s t in th e  lo w e r re a ch e s  o f th e  v a lle y s  w h e re  the  

r iv e rs  w e re  a c t iv e ly  e ro d e d  s te e p  ro c k s  a n d  d e b r is  s lo p e s  a n d  w h e re  ro a d  c o n s tru c tio n  

had  c u t in to  s lo p e s . In ve n to r ie s  o f b o th  th e  e a rth q u a ke  a n d  ra in fa ll- in d u c e d  m ass  

m o ve m e n ts  w e re  u sed  to  c h a ra c te r iz e  the  d if fe re n t ty p e s  a n d  d is tr ib u t io n  o f m ass  

m o vem en ts . T he  e x te n t a n d  ty p e  o f d a m a g e , g ro u n d  c o n d it io n s , g e o lo g y  and  

g e o m o rp h o lo g y  w e re  m a p p e d  เท o rd e r  to  p ro d u c e  h a za rd  m ap  fo r  th e  re g io n  a n d  to  

id e n tify  a re a s  o f th e  g re a te s t risk .

C a n no n  (1 997 ) in v e s tig a te d  the  p o te n tia l o f s ig n if ic a n t d e b r is -  a nd  

h y p e rc o n c e n tra te d - f lo w  a c tiv ity  in C a p u lin  C an yon  th a t w a s  e v a lu a te d  th ro u g h  1) a 

s y s te m a tic  c o n s id e ra t io n  o f g e o lo g ic  a n d  g e o m o rp h ic  fa c to rs  th a t c h a ra c te r iz e d  the  

c o n d it io n  o f th e  h ills lo p e  m a te r ia ls  a n d  c h a n n e ls  fo llo w in g  th e  fire , 2) e xa m in a tio n  o f 

s e d im e n ta ry  e v id e n c e  fo r p a s t d e b r is - f lo w  a c tiv ity  in th e  ca n yo n , a n d  3) e va lu a tio n  o f the  

re s p o n se  o f th e  w a te rs h e d  th ro u g h  th e  1996  s u m m e r m on soo n  se a so n . H is  f in d in g s  

re v e a le d  th a t th e  fa c to rs , n a m e ly  la c k  o f a c c u m u la t io n s  o f d ry -ra v e l m a te r ia l on th e  

h ills lo p e s  o r in c h a n n e ls , a b s e n c e  o f a c o n tin u o u s  h y d ro p h o b ic  la ye r, re la tiv e ly  in ta c t  

c o n d it io n  o f the  r ip a r ia n  v e g e ta t io n  a n d  o f th e  f ib ro u s  ro o t m a t on  the  h ills lo p e s , a n d  la ck  

o f e v id e n c e  o f w id e s p re a d  p a s t d e b r is -  a n d  h y p e rc o n c e n tra te d - f lo w  a c tiv ity , e ven  w ith  

e v id e n c e  o f p a s t fire s , in d ic a te d  a low  p o te n tia l fo r d e b r is - f lo w  a c tiv ity  in C a p u lin
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C an yo n . เท a d d it io n , th u n d e rs to rm s  d u r in g  the  s u m m e r m onsoon  o f 1996  had  re s u lte d  in 

a b u n d a n t s u r fa c e  o v e r la n d  f lo w  on th e  h ills lo p e s  w h ic h  t ra n s p o r te d  lo w -d e n s ity  p u m ice , 

c h a rc o a l, a sh  a nd  so m e  m ine ra l s o ils  d o w n s lo p e  as sm a ll-s c a le  a n d  n o n -e ro s iv e  d e b r is  

f low s . เท so m e  p la c e s  c o b b le -  a n d  b o u ld e r-s iz e d  m a te r ia l w a s  m o ve d  s h o rt d is ta n c e s . A  

m o d e ra te  p o te n tia l fo r  d e b r is -  a n d  h y p e rc o n c e n tra te d - f lo w  a c tiv ity  w a s  id e n tif ie d  fo r the  

tw o  m a jo r tr ib u ta ry  c a n yo n s  to  C a p u lin  C a n yo n  b a s e d  on e v id e n c e  o f b o th  s u m m e r o f 

1996  a n d  p o s s ib le  h is to r ic  s ig n if ic a n t d e b r is - f lo w  a c tiv ity .

M o rg a n  a nd  o th e rs  (1 997 ) re p o r te d  an a n a ly s is  o f a rea s  s u s c e p t ib le  to  d e b r is  

f low s  in c lu d in g  an e xam in a tio n  o f s o u rc e  a rea s , c h a n n e ls  a n d  a rea s  o f d e p o s it io n . The  

a n a ly s is  w a s  u sed  to  d e v e lo p  a m e th o d o lo g y  fo r  id e n tify in g  a rea s  s u b je c t to  d e b r is  flow  

h a za rd s  in M e d is o n  C oun try , V irg in ia , U n ite d  S ta tes . T he  p re lim in a ry  c a rb o n -1 4  d a te d  

from  the  o ld e r  d e p o s its  o f fo ss il so ils , g re y  h o rizo n s  w ith  a b u n d a n t o rg a n ic  rem a in s  in 

th e  d e p o s its  o f p re h is to r ic  d e b r is  f lo w s  w a s  u sed  to  in te rp re t th e  re c u r re n c e  in te rva l fo r  

th e  d e b r is  f lo w  e ven ts . The  s t ra t ig ra p h y  w a s  a lso  s tu d ie d  to  c o m p a re  w ith  th o se  

re c u rre n t in te rva l in te rp re te d  from  c a rb o n -1 4  d a tin g  o f th e  p re h is to r ic  d e b r is  flow s . The  

re p o r t c o n c lu d e d  w ith  a d is c u s s io n  o f s tra te g ie s  fo r re d u c in g  d e b r is - f lo w  h a za rd s  and  

th e  lo ng  te rm  r is k  o f th e se  h a za rd s  in th e  s tu d y  a rea  as w e ll as fo r  s im ila r  a rea s  a long  

th e  ea s te rn  f la n k  o f th e  B lue  R id g e  m oun ta in .

S in g h ro y  (1998 ) re p o r te d  on th e  use  o f In te r fe ro m e tr ic  SAR , R AD AR SAT , a nd  

a irb o rn e  SAR  c o m b in e d  w ith  L a n d sa t TM  im ag e s  to  id e n tify  d ia g n o s t ic  fe a tu re s  o f 

la n d s lid e s  a n d  th e ir  s lo p e  c h a ra c te r is t ic s  in C a n a d a  th a t th e  la n d s lid e  ty p e s  w e re  fo u nd  

in d if fe re n t p h y s io g ra p h ic  re g io n s  a n d  a s s o c ia te d  w ith  ce r ta in  k in d s  o f so il a n d  ro c k  

m a te r ia ls , g e o lo g ic a l s tru c tu re s  a nd  to p o g ra p h ic  s e tt in g s . H e  c o n c lu d e d  th a t 

In te r fe ro m e tr ic  SAR  im ag e s  p ro v id e d  in fo rm a tio n  on d e ta il s lo p e  p ro f ile s  o f th e  la rg e  

ro c k  s lid e s  on s te e p  s lo p e s  a n d  a lo n g  fa u lts  in th e  C a n a d ia n  C o rd ille ra . F rom  th is  

im a g e , fa u lts , ro c k  s lu m p s , b lo c k  s lid e s , s lid e  s ca rs , a n d  d e b r is  s lo p e s  w e re  id e n tif ie d . 

R A D A R S A T  im a g e s  w ith  in c id e n t a n g le s  v a r ie d  from  4 0 -5 9  d e g re e s , p a r t ic u la r  th e  fin e  

m o d e  im ag e s , w e re  th e  m o s t use fu l to  id e n tify  la n d s lid e  fe a tu re s  in m o un ta in o u s  a reas . 

An in te rp re ta tio n  o f re tro g re s s iv e  s lo p e  fa ilu re s  on th e  s h a le  b a n k s  o f th e  S a s ka tch ew an
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r iv e r w a s  c o n d u c te d  u s in g  a c o m b in e d  L a n d sa t TM  a nd  SAR  im ag e s . F low  s lid e s  on  

s e n s it iv e  m a rin e  c la y s  w e re  id e n tif ie d  on a irb o rn e  SAR  im a g e s  in the  O ttaw a  va lle y .

T a y lo r (1 999 ) c o n d u c te d  a s tu d y  o f th e  p ro d u c tio n , tra n s p o r t, a n d  s to ra g e  o f 

s e d im e n ts  in d ra in a g e  b a s in s  b y  c o m p a ra t iv e  g e o m o rp h ic  a n a ly s is  o f s u r f ic ia l d e p o s its  

a t th re e  c e n tra i A p p a la c h ia n  w a te rs h e d s  th a t w a s  e ssen tia l fo r u n d e rs ta n d in g  th e ir 

e vo lu tio n  a n d  g e o m o rp h ic  b e h a v io rs . The  m e ch a n ism s  fo r  ro u tin g  a n d  s to ra g e  o f 

s e d im e n ts  in th e  A p p a la c h ia n  re g io n  w e re  p o o r ly  u n d e rs to o d . Th is  s tu d y  in v o lv e d  a 

c o m p a ra t iv e  g e o m o rp h ic  a n a ly s is  o f th re e  w a te rs h e d s  u n d e r la in  b y  in te rb e d d e d  

s a n d s to n e s  a n d  sh a le s  o f the  A c a d ia n  c la s t ic  w e d g e . G IS -b a se d  a n a ly se s  o f s u r f ic ia l 

m a p  un its  a llo w e d  f ir s t-o rd e r  a p p ro x im a t io n  o f v a lle y -b o tto m  s to ra g e  v o lu m e s . V o lum e  

e s tim a te s  w e re  e x a m in e d  in ta n d e m  w ith  c la s t-s iz e  a n a ly s is  a n d  b e d ro c k -c h a n n e l 

d is tr ib u t io n  to  m a ke  in fe re n ce s  re g a rd in g  c o n tro ls  on s e d im e n t- tra n s p o r t e f f ic ie n c y  in 

th e  ce n tra l A p p a la c h ia n s .

J is h a n  a n d  T ia n ch i (2 001 ) re p o r te d  th e  s tu d y  in C h ina , d e s c r ib e d  the  ty p e s , 

c h a ra c te r is t ic s , d y n a m ic s , a n d  fu n d a m e n ta l m e ch a n ic s  o f d e b r is  f low s , as w e ll as the  

ty p e  o f d a m a g e  th e y  c a u s e d  to  ro a d s  a n d  o th e r s tru c tu re s , s e tt le m e n ts , a n d  fa rm la n d .  

F ive d if fe re n t w a ys  o f c la s s ify in g  d e b r is  flow s  w e re  d o n e  b a s e d  on the  v is c o s ity , 

c o m p o s it io n , t r ig g e r in g  fa c to rs , o r ig in , a n d  s ca le . The  d if fe re n c e s  b e tw e e n  d e b r is  flow s  

an d  o th e r s im ila r  p h e n o m e n a  s u ch  as la n d s lid e s  a n d  flo o d s  w e re  a lso  s u m m a r iz e d .

เท T h a ila n d , th e  lite ra tu re s  on th e  la n d s lid e  in v e s tig a t io n s  a n d  s im ila r  p h e n o m en a  

a re  a ls o  re v ie w e d  in c h ro n o lo g ic a l o rd e r  as b e low .

P e rh a ps  th e  f irs t b r ie f in v e s tig a t io n  on la n d s lid e  in T h a ila n d  w a s  m a d e  b y  

R u e n k ra ire rg s a  a nd  C h in p o n g s a n o n d  (1 980 ) fo r  th e  D e p a r tm e n t o f H ig h w a y s . T hey  

re p o r te d  th e  in c id e n t in n o rth e rn  T h a ila n d . C au se s  o f la n d s lid e s  w e re  d u e  to  g e o lo g ic a l 

fa c to rs  e s p e c ia lly  lin e am en t, w a te r  in filtra t io n , a n d  m ic ro s e is m ic  a c tiv it ie s .

La te r, B ra nd  (1 984 ) g a v e  a s h o r t h is to r ic a l re v iew  on the  la n d s lid e  s itu a tio n  from  

p u b lis h e d  lite ra tu re s  in T h a ila n d  d u r in g  1976 -1980 .
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W a nn a ka o  a n d  o th e rs  (1 985 ) s tu d ie d  th e  e n g in e e r in g  p ro p e r t ie s  o f ro cks  

c a u s in g  o f s lo p e  fa ilu re s  a lo n g  the  Lo rn  S ak -C hum  Phae  h ig h w a y  b e tw e e n  K m s. 18 to  

24 w h e re  th e  fa ilu re s  w e re  m o s t in te n s if ie d . S lo p e  fa ilu re s  a t th is  s ite  c o u ld  b e  c la s s if ie d  

in to  p la n a r, c irc u la r , w e d g e , a n d  b lo c k  fa lls .

T in g s a n ch a li (1 989 ) c o n d u c te d  a s tu d y  on a h u ge  1988  la n d s lid e  in so u th e rn  

T ha ila n d  a nd  p ro p o s e d  th a t the  tw o  p r in c ip a l m e th o d s  fo r  c o n tro ll in g  d e b r is  flow s  w e re  

s tru c tu ra l c o n tro l m ea su re s  a n d  n o n -s tru c tu ra l c o n tro l m ea su re s . T he  s u ita b ility  o f th e se  

tw o  m e th o d s  o r th e ir  c o m b in a tio n s  d e p e n d e d  on the  s iz e  a n d  c h a ra c te r is t ic s  o f th e  a rea  

c o n s id e re d  the  s o c io -e c o n o m ic  c o n d it io n  a n d  the  f in a n c ia l a n d  p o lit ic a l fa c to rs .

The  e ve n t h ad  b een  s tu d ie d  b y  m a n y  o th e r w o rk e rs  as w e ll. A c c o rd in g  to  A ung  

(1 991 ) m o s t fa ilu re s  to o k  p la c e  on s lo p e  w ith  g ra d ie n t b e tw e e n  10 to  30  d e g re e s  and  

e x te n d e d  from  th e  g ro u n d  s u r fa c e  to  the  d e p th  o f 1 to  3 m e te rs  in to  th e  re s id u a l so il 

la ye r. T hese  e v id e n c e s  in d ic a te d  th a t th o se  fa ilu re s  w e re  m o s tly  s u r fa c e  e ro s io n  o r ea rth  

f lo w  ty p e s . H e  a lso  c o n s tru c te d  th e  la n d s lid e  s u s c e p t ib il i ty  m a p  in th e  a rea  w e s t o f 

A m p h o e  Phi Pun, C h a n g w a t N akhon  Si T h am m a ra t.

Z h ib in  (1 991 ) in v e s tig a te d  the  c h a ra c te r is t ic s  o f w e a th e re d  g ra n ite s  e x p o s e d  

a lo n g  th e  fla n k s  a n d  b o ttom  o f n u m e ro u s  la n d s lid e  s c a rs  b e s id e  the  K ra thun  s tre am  and  

its  tr ib u ta r ie s . The  s tu d y  a lso  e m b ra c e d  th e  e ffe c t o f ty p ic a l c l im a t ic  c o n d it io n  

{m ic ro c lim a te ) , th e  d e s tru c t io n  o f n a tu ra l fo re s t a n d  c h a n g in g  to  p a ra - ru b b e r  p la n ta t io n , 

th e  im p o r ta n c e  o f s u b tle  la n d fo rm  (d e p re s s io n s ) on th e  la n d s lid e s . T y p ic a l w e a th e r in g  

p ro f ile  o f g ra n ite  te rra in  w a s  s u m m a r iz e d  a nd  c o rre la te d  to  th e  la n d s lid e s . L a n d s lid e  

ty p e s  o b s e rv e d , b a s e d  on fie ld  e v id e n c e s , w a s  m a in ly  e ro s io n , g u lly in g , e a rth  flow , so il 

s lu m p , d e b r is  flow , a n d  ro c k  s lid e .

N u ta la ya  (1 991 ) c o n c lu d e d  th a t th e  fo llo w in g s  w e re  the  fa c to rs  o f la n d s lid e s  and  

s h e e t f lo o d in g  d u r in g  th e  ra in s to rm  e ve n t o f 20 th-2 3 rd N o v e m b e r 1988, K hao  Luang  

M oun ta in  R ange . T he y  in c lu d e d  (1) d e fo re s ta t io n  o f a rea s  w h ic h  s ig n if ic a n t b y  c a u s e d  

th e  e ro s io n  o f s te e p  s lo p e s ; (2 ) s te e p  g ra d ie n t o ve r 35  p e r  c e n t a n d  s h a rp  c h a n g e  in 

g ra d ie n t w h ic h  o c c u r re d  w hen  the  m oun ta in  s tre a m s  m e t th e  fla t v a lle y  f lo o r  re su lte d  in
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th e  d e p o s it io n  o f a llu v ia l fans , a n d  (3 ) d e e p ly  s a tu ra te d  re s id u a l s a n d  on th e  g ra n it ic  

ro cks .

T a n tiw a n it (1 992 ) in v e s tig a te d  th e  c h a ra c te r is t ic s  o f la n d s lid e s  a c t iv it ie s  from  the  

N o ve m b e r 1988  s to rm  e ven t. The  s tu d y  re v e a le d  th a t th e  s ig n if ic a n t fa c to rs  c o n tro llin g  

la n d s lid e s  c o u ld  b e  s u m m a r iz e d  as fo llo w s : (1) re s id u a l so il from  w e a th e re d  g ra n it ic  

ro c ks  w a s  m o s t s u s c e p t ib il i ty  to  la n d s lid e ; (2) s te e p  g ra d ie n t o ve r 30  p e r  cen t; (3 ) the  

c h a n g e  o f v e g e ta t io n  c o v e r to  p a ra - ru b b e r  p la n ta t io n s , a n d  (4 ) the  tr ig g e r in g  fa c to r  w a s  

h ig h ly  ra in fa ll in te ns ity .

K h a n ta p ra b  (1 993 ) c o n d u c te d  a s tu d y  on th e  sa m e  N o v e m b e r 1988  la n d s lid e s  

in s o u th e rn  T h a ila n d  a n d  p ro p o s e d  the  fo llo w in g  fa c to rs  th a t in f lu e n c in g  th e  la n d s lid e s : 

(1) s lo p e  g ra d ie n t g re a te r  th a n  12 d e g re e s ; (2) d e fo re s ta t io n  a n d  c h a n g in g  p a tte rn  o f 

la n d  use  a n d  la nd  c o v e r to  p a ra - ru b b e r  p la n ta t io n s ; (3) th e  a rea s  u n d e r la in  b y  g ra n it ic  

te rra in  w ith  re s id u a l so ils  o f w e a th e re d  g ra n ite , a n d  (4 ) h ig h  c u m u la t iv e  ra in fa ll in te n s ity  

th e  tr ig g e r in g  fa c to r.

N ilaw e e ra  (1 994 ) s tu d ie d  th e  e ffe c ts  o f ro o t s tre n g th  p ro p e r t ie s  a n d  roo t 

m o rp h o lo g ic a l o f p a ra - ru b b e r  p la n ta t io n s  c o m p a re d  w ith  o th e r k in d s  o f fo re s t tre e  th a t 

p ro d u c e d  h a rd  d e e p  p e n e tra t in g  ro o t s y s te m s  in the  a rea  o f K hao  L uang  M oun ta in  

R ange . T he  re p la c e m e n t o f fo re s t tre e s  c o u ld  c a u se  in s ta b ility  to  so il s lo p e s . F rom  the  

even t, th e  s lo p e , b e tw e en  10 to  4 0  d e g re e s  in g ra d ie n t w a s  w h e re  th e  m o s t o f la n d s lid e s  

o c c u r re d .

P an tan ah ira n  (1 994 ) s u m m a r iz e d  th e  p r im a ry  fa c to rs  th a t c o n tro lle d  la n d s lid e s  in 

th e  K hao  L u ang  M oun ta in  R ange  d u r in g  N o v e m b e r 1988  s to rm  as fo llow s : (1 ) fra c tu re d  

lim e s to n e  a n d  g ra n it ic  b e d ro c k ; (2 ) s h a llo w  s a n d y  so il from  th e  w e a th e r in g  o f g ra n it ic  

ro c k ; (3 ) s te e p  s lo p e  o f m o re  than  30 p e r cen t; (4 ) h ig h  ra in fa ll in e a r lie r  N o v e m b e r as  

w e ll as p a r t ic u la r  s to rm  in N o ve m be r; (5 ) th e  p a th w a y  o f s to rm ; (6 ) re d u c t io n  in na tu ra l 

fo re s t co ve r; (7 ) p la n tin g  o f s h a llo w  ro o t tre e s  a n d  c ro p s , a n d  (8 ) re ce n tn e s s  o f c le a r in g  

a n d  re p la n tin g . H e  a lso  u sed  G IS  a n d  s ta t is t ic a l te c h n iq u e  to  d e v e lo p  a la n d s lid e  

p re d ic t io n  m ode l fo r  K hao  L u ang  M oun ta in  R ange . The  m ode l in c lu d e d  e ig h t
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p a ra m e te rs  n am e ly , e le va tio n , a s p e c t o f s lo p e , TM  4  (T h em a tic  M a p p in g  B an d -4 ), flow  

a c cu m u la t io n , b r ig h tn e s s , w e tn e s s , s lo p e  a nd  flow  d ire c t io n . T h is  m ode l w a s  c a p a b le  o f 

c la s s ify in g  82  p e r  c e n t o f la n d s lid e s  in the  Tha  Di s tre a m  b a s in  a t a 0 .4  c u to ff 

p ro b a b ility .

T a n g ja itro n g  (1 994 ) d e v e lo p e d  a fra m e w o rk  fo r  in te g ra t in g  th e  te c h n iq u e s  o f 

g e o g ra p h ic  in fo rm a tio n  s y s tem  (G IS ), rem o te  s e n s in g , a n d  k n o w le d g e  b a s e d  s ys tem  to  

p re d ic t  la n d s lid e  h a za rd  z o n e s  in th e  s tu d y  a rea  c o m p r is in g  a p p ro x im a te ly  200  s q u a re  

k ilo m e te rs  th a t ly in g  on a p a r t o f K hao  Luang  R ange  in A m p h o e  P h ipun , C h a n g w a t  

N akhon  Si T h am m a ra t. T he  in te n tio n  o f th e  d e s ig n e d  fra m e w o rk  w a s  to  e n su re  th a t the  

p re d ic t io n  c o u ld  b e  d o n e  u n d e r lim ite d  in fo rm a tio n  c o n d it io n s . The  s tu d y  e s ta b lis h e d  an  

im a g e -b a s e d  G IS  th ro u g h  p ro c e s s  o f re se a rc h  d e s ig n , d a ta  c o lle c t io n , a n d  so ftw a re  

d e v e lo p m e n t. It a ls o  d e v e lo p e d  a k n o w le d g e -b a s e d  s ys tem  th ro u g h  s im ila r  p ro c e s s e s  

(d e s ig n in g , k n o w le d g e  a c q u is it io n , a n d  s o ftw a re  d e v e lo p in g ) . The  s tu d y  had  

e n g in e e re d  th o se  tw o  s y s te m s  so  th e y  c o u ld  b e  in te g ra te d  p e rfe c t ly . Fou r m e th o d s  o f 

la n d s lid e  h a za rd  p re d ic t io n  w e re  in v e s tig a te d  in th e  s tu d y : (1 ) th e  m e th o d  u s in g  e x p e r ts ' 

k n o w le d g e , (2 ) the  m e th o d  u s in g  in fin ite  s lo p e  a na ly s is , (3) th e  m e th o d  u s in g  a lo g is t ic  

m o d e l, a n d  (4) th e  m e th o d  u s in g  k n o w le d g e  e lic ite d  from  th e  G IS . R esu lts  o f the  

in v e s tig a t io n  s h o w e d  th a t the  in te g ra tio n  o f an im a g e -b a s e d  g e o g ra p h ic  in fo rm a tio n  

sy s te m  an d  a k n o w le d g e -b a s e d  s ys tem  w a s  a use fu l a p p ro a c h  fo r  p re d ic t in g  la n d s lid e  

h a za rd  zones .

Jw o rc h a n  (1 995 ) in v e s tig a te d  th e  c h a ra c te r is t ic s  o f re s id u a l s o ils  o f N o ve m b e r  

1988  d e b r is  flow s  in th e  K hao  L uang  M oun ta in  R ange . The  s tu d y  re v e a le d  th a t the  

d e g re e  o f w e a th e r in g  o f re s id u a l so ils  w e re  G ra d e  IV to  VI fo r th e  so il th ic k n e s s  o f 1 to  2 

m e te rs , w ith  th e  s lo p e  g re a te r  than  26 d e g re e s . M o re o ve r, s a n d y  a n d  co h e s io n  le ss  o f 

c la y e y  so il w a s  s u s c e p t ib le  to  s u r fa c e  e ro s io n  o n ce  s a tu ra te d .

H a rp e r  (1 996 ) d e te rm in e d  o f th e  im p o r ta n c e  o f to p o g ra p h ic , g e o lo g ic  a nd  

g e o m o rp h ic  fa c to rs  to  d e b r is  flow s  s u s c e p t ib ili ty . The  s tu d y  u se d  b o th  th e  n u m b e r o f 

d e b r is  f lo w s  p e r  s q u a re  k ilo m e te r a n d  th e  p e rc e n ta g e  o f to ta l la n d  a rea  in e a ch  ba s in , 

s u b -b a s in , a n d  the  T ap i p la in  fo o th ills  as in d ic a to rs  o f d e b r is  f lo w s  s u s c e p t ib ili ty . H e
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fo u n d  th a t h ills lo p e  a rea s  in tro p ic a l re g io n s  u n d e r la in  b y  g ra n ite  w e re  m o re  s u s c e p t ib le  

to  d e b r is  flow s  than  th o se  u n d e r la in  b y  c la s t ic  s e d im e n ta ry  o r m e ta m o rp h ic  ro c ks . The  

m o s t fre q u e n t m o d e  o f la nd  use  เท w h ic h  d e b r is  flow s  o c c u r re d  w a s  ru b b e r  tre e  

p la n ta t io n .

E lsew he re , th e  N a tio na l E c o n o m ic  a n d  S oc ia l D e v e lo p m e n t B oa rd  (1997 )  

c o n d u c te d  th e  s tu d y  o f n a tu ra l h a za rd  m a n a g e m e n t เท so u th e rn  re g io n  o f T h a ila n d . The  

s tu d y  c o n s is te d  o f 6 s u b - to p ic s  as fo llo w s : (1) ty p e s  o f n a tu ra l h a z a rd s  a n d  th e  e ffe c te d  

a rea s , (2) f lo o d  h a za rd  a n d  r is k  a s se s sm e n t, (3) la n d s lid e  h a za rd  a n d  r is k  a sse ssm en t, 

(4 ) so il e ro s io n  h a za rd  and  r is k  a s se ssm en t, a n d  (5) re c o m m e n d a t io n  fo r  n a tu ra l h a za rd  

m a n a g e m e n t เท the  s o u th e rn  re g io n  o f T h a ila n d . G e o g ra p h ic  in fo rm a tio n  s ys tem  w as  

a lso  a p p lie d  to  m a n ip u la te , a n a ly z e  a n d  p re s e n t เท th e  s tu d y .

T h a s s a n a p a k  (2 0 0 1 ) in v e s tig a te d  the  la n d s lid e  a s s e s sm e n t o f C h a n g w a t P huke t 

u s in g  th e  in f lu e n c in g  p a ra m e te rs  o f g e o lo g y , la n d fo rm , s u r fa c e  d ra in a g e  zone , la nd  use  

a n d  la nd  co ve r, so il c h a ra c te r is t ic s , a n d  ra in fa ll in te ns ity . The  re la tio n s h ip  b e tw e en  

th e se  p a ra m e te rs  a n d  th e  s p a tia l d a ta  w e re  e v a lu a te d  u s in g  th e  p ro p o s e d  w e ig h t- ra t in g  

te c h n iq u e . The  f in d in g s  o f th is  s tu d y  re v e a le d  th a t m o s t o f th e  p o te n tia l a re a s  to  b e  

a ffe c te d  b y  v e ry  h ig h  a nd  h ig h  s u s c e p t ib il i ty  to  la n d s lid e  in c lu d e d  th e  fam ou s  to u r is t 

re so rts .

P e tc h p ra yo o n  (2002 ) d e v e lo p e d  th e  p re d ic t io n  m o d e ls  o f fla sh  f lo o d s  c a u se d  b y  

d am  fa ilu re  a n d  o v e rf lo w  th ro u g h  a s p il lw a y  c a se  s tu d y  a t Tha  Dan D am , C h a n g w a t  

N akhon  N ayok . The  s tu d y  u se d  th e  te c h n iq u e  on th e  in te g ra tio n  o f s o ftw a re  M IKE  11, 

re m o te  se n s in g  a n d  g e o g ra p h ic  in fo rm a tio n  s ys tem  fo r c o n d u c t in g  th is  p re d ic t io n . The  

s tu d y  c o n s is te d  o f 5 m a in  s te p s : (1 ) s tu d y in g  g e ne ra l c h a ra c te r is t ic s  o f d a m - lo c a tio n  

an d  o f w a te rc o u rs e  in d o w n s tre a m  a rea  w ith  rem o te  s e n s in g  te ch n iq u e , (2 ) m o d e lin g  

d a m - fa ilu re  w ith  m a th e m a tic  m ode l, (3 ) e s tim a tin g  o f d a m a g e d  a rea s  u s in g  g e o g ra p h ic  

in fo rm a tio n  s y s tem , (4 ) m a p p in g  th e  f lo o d in g  in v a r io u s  d e g re e s  o f s e v e r ity  1 a n d  (5) 

te s t in g  the  a s su m p tio n .
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เท th e  p re s e n t s tu d y  a rea , th e re  a re  m a n y  p re lim in a ry  s tu d ie s  th a t h ad  been  

do ne . P a tta n a kano k  (2 001 ) p ro p o s e d  the  la n d s lid e  h a za rd  m o n ito r in g  in N am  Ko a rea  

u s in g  (1 ) a n a ly s is  o f L a n d sa t TM  (4R  5G  3B ) to  c la s s ify  la nd  use  b y  M a x im um  L ike lih o o d  

C la s s if ic a t io n , (2 ) c re a t in g  3D  d ig ita l te rra in  m ode l from  20 m e te r c o n to u r in te rv a ls , (3) 

c re a t in g  s lo p e  in 5 d e g re e  in te rva l, (4 ) a n a ly s is  th e  le ve ls  o f th e  la n d s lid e  h a za rd  

zo n a tio n  b y  u s in g  3 m a jo r g ro u p s : la n d  use , so il a n d  g e o lo g ic a l p ro p e r t ie s , as w e ll as 

s lo p e  a nd  3D  d ig ita l te rra in  m ode l. It w a s  n o te d  th a t th e  fa c to rs  re la te d  to  th e  la n d s lid e  

o c c u r re n c e  u sed  in th is  a n a ly s is  w e re  o n ly  th o se  3 m a jo r g ro u p s .

The  S e c re ta r ia t O ffic e  o f G o v e rn m e n t (2 002 ) h ad  fo rm e d  a te c h n ic a l c o m m itte e  

from  th e  p e rs o n n e ls  o f m an y  d is a s te r - re la te d  g o v e rn m e n t o rg a n iz a tio n s  p re lim in a ry  

c o n c lu d e d  a n d  p ro p o s e d  th e  te c h n ic a l d ra f t- re p o r t from  th e  2001 N am  Ko d is a s te r  in 

th e  fo llo w in g  to p ic s : (1 ) b a c k g ro u n d  o f th e  a rea  (g e o g ra p h y , la nd  use , g e o lo g y  a nd  so il, 

an d  c lim a te ) , (2 ) o c c u r re n c e  c h a ra c te r is t ic s  ( ra in fa ll a n d  r iv e r-w a te r  q u a n tity , a reas  

th a t w e re  d a m a g e d  from  th e  flo o d  a n d  la n d s lid e ) , a n d  (3) c a u se s  o f th e  d is a s te r  and  

m itig a t io n  c o n c e p t . H ow eve r, th is  d ra f t- re p o r t h ad  b een  d o n e  in v e ry  s h o rt tim e  fo r  the  

p re lim in a ry  m it ig a t io n  m a n a g e m e n t in the  N am  Ko a n d  o th e r s im ila r  a re a s  in T h a ila n d  so  

th e  p r im a ry  a n d  a c tu a l d a ta  c o lle c te d  a n d  re la te d  to  th e  d is a s te r  in th e  a rea  had  no t 

b een  s y s te m a t ic a lly  in v e s tig a te d  in d e ta ils .

L o ca l G o ve rn m e n t O ff ic e  (2 002 ) re p o r te d  th e  g e ne ra l in fo rm a tio n  o f th e  e x is tin g  

r is k  a rea s  from  f lo o d in g  a n d  a s s o c ia te d  d is a s te rs  in 11 A m p h o e s  in C h a n g w a t  

P he tch a b u n . It n o te d  th a t if th e re  w e re  c o n tin u in g  a n d  h e a v ily  ra in fa ll o c c u rre n c e , the  

r is k  a rea s  in A m p h o e  Lorn S ak c o u ld  b e  id e n tif ie d  in to  tw o  ty p e s : (1 ) th e  o v e rb a n k  

f lo o d e d  a rea s  in the  lo w e r f lo o d  p la in  o f Pa S ak R ive r a n d  N am  P ung , a n d  (2 ) th e  fla sh  

f lo o d  a rea s  in th e  a rea s  o f th a t lie d  on th e  c a n yo n  m ou th s  o f N am  Ko Yai s tre am , Nam  

C hun  s tre a m , T h a n th ip  s tre am , a n d  N am  D uk  s tre am  th a t o r ig in a t in g  from  K hao  K ao  and  

N am  N auw  m oun ta in  ra n g e s . The  re p o r t a lso  c o n c lu d e d  th a t th e  m a jo r fa c to rs  

in f lu e n c in g  f lo o d in g  w e re  as fo llo w s : a lo t o f s e d im e n ts  in th e  m a in  r iv e rs  a n d  ca n a ls , 

h e a v ily  ra in fa ll, la c k  o f e n o u g h  w a te r  re te n tio n s  a n d  re se rv o irs , a n d  th e  o b s ta c le  from  the  

t ra n s p o r ta t io n  rou tes , e tc .
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R esea rch  a n d  D e v e lo p m e n t C e n te r o f Soil E n g in e e r in g  a nd  F ounda tio n  (2002 )  

c o n d u c te d  a p ro p o s a l re p o r t on s u s ta in a b le  so lu tio n  fo r s lo p e  s ta b iliz a t io n  to  m itig a te  

th e  d e b r is  f lo w  a n d  fla sh  flo o d  a t N am  Ko a rea , A m p h o e  Lorn Sak, C h a n g w a t  

P he tch a b u n . T he  in ve s tig a t io n  had  b e en  e x a m in e d  to  id e n tify  p re lim in a ry  g e o te c h n ic a l 

e n g in e e r in g  c h a ra c te r is t ic s  o f la n d s lid e  a rea s  as fo llow s : w a te r  a n d  m ud  flow , la nd  use, 

to p o g ra p h y  o f r iv e r  ch a nn e ls , la n d s lid e  a rea s , r iv e r d e p o s its , g e ne ra l g e o lo g y , ty p e s  o f 

h a za rd  in r iv e r c h a nn e ls , so il s tre n g th - te s t in the  fie ld , so il p ro f ile s , a n d  p e rm e a b ility  

te s t in g . T he  re v iew  o f th is  e ve n t from  lo ca l p e o p le  w a s  a lso  c o n d u c te d  to  re ce iv e  the  

e ye -w itn e s s  e v id e n ce s . เท a d d it io n , th e  d a m a g e  from  th is  e ve n t w a s  in fo rm a lly  

s u m m a r iz e d  as tw o  ca te g o r ie s : th e  se ve re  d a m a g e  in the  c o m m u n ity  a n d  a g r ic u ltu ra l 

a rea s , a n d  the  d a m a g e  in N am  Ko Yai s u b -c a tc h m e n t.

E n v iro nm en ta l G e o lo g ic a l D iv is io n  (2 003 ) c o n d u c te d  a p ro je c t o f h a za rd  

zo n a tio n  m a p p in g  from  la n d s lid e  in th e  w h o le  T h a ila n d  in a s c a le  1 :2 5 0 ,0 00  fo r id e n tify  

th e  s p e c if ic  ta rg e t a re a s  to  m itig a te , m on ito r, a n d  im p ro ve . The  a rea s  o f N am  Ko and  

N am  C hun  in A m p h o e  Lorn Sak, C h a n g w a t P he tch a b u n  w e re  s e le c te d  fo r th is  p ra c t ic a l 

a p p ro a c h  th a t h ad  b een  a p p lie d  la n d s lid e  m a th e m a tic a l p re d ic t iv e  m ode l o f 

P an tanah ira n  (1 994 ) to  a n a ly z e  th e  la n d s lid e  h a za rd  zo n a tio n . It w a s  n o te d  th a t the  

p a ra m e te rs  th a t u se d  in the  m ode l c o n s is te d  o f e le va tio n , a d ju s te d  a s p e c t, s lo p e , w a te r  

f low  d ire c t io n , w a te r  f lo w  a c c u m u la t io n , v e g e ta t io n  in d e x  from  L a n d sa t TM , so il 

c h a ra c te r is t ic  (b r ig h tn e s s ) , a n d  w e tn e s s . L a n d s lid e  h a za rd  zo n a tio n  had  b een  d iv id e d  

in to  4 p ro b a b il i ty  leve l le ve ls  as v e ry  h igh , h igh , m e d iu m  an d  low . The  p ro p o s e d  

la n d s lid e  h a za rd  m a p s  from  th e  s tu d y  w ill b e  in v e s tig a te d  the  a c c u ra c y  a n d  re lia b ility  in 

th e  f ie ld  s u rv e y  to  fu r th e r im p ro v e  th is  p ro to ty p e  m ode l.
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