1. Landslides; introduction and definitions

This chapter of the tutorial presents an introduction to the occurrence and characteristics of landslides. It introduces the landslide terminology and landslide classification systems. This chapter of the tutorial will treat the following aspects:

· 1.1 Landslides: definitions and statistics
· 1.1.1 The term landslide
· 1.1.2 Socio-economic impact of landslides
· 1.2 Landslide classification systems
· 1.3 Landslide Components and Dimensions
· 1.4 States of Activity
· 1.5 Types and forms of landslides
· 1.5.1 Fall
· 1.5.2 Topple
· 1.5.3 Slide
· 1.5.4 Flow
· 1.5.5 Lateral Spread
· 1.5.6 Subsidence
· 1.5.7 Sagging
· 1.5.8 Creep
· 1.5.9 Complex
· 1.6 Factors influencing mass movement
· 1.7 Disaster Management
· 1.7.1 Phases of Disaster Management
· 1.7.2 Geo-spatial requirements
· 1.7.3 Risk assessment as central theme
· 1.8 Identifying landslides
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1.1. Landslides: Definition and statistics

1.1.1. The term ‘landslide'

In literature a wide variety of names have been used for the denudational process whereby soil or rock is displaced along the slope by mainly gravitational forces. The most frequently used are: 

· Slope movement;

· Mass movement;

· Mass wasting;

· Landslide.

In the last decades landslide is the term most used, though in the narrow sense of the word (sensu strictu) it only indicates a specific type of slope movement with a specific composition, form and speed. In this tutorial the term landslide is used as:

The movement of a mass of rock, debris or earth, down a slope, when shear stress exceeds shear strength of the material.

1.1.2. Socio-economic impact of landslides

Landslides pose serious threats to settlements, and structures supporting transportation, natural resources management, and tourism. Furthermore, single events can claim several hundreds of casualties (see Table 1.1).

	Year
	Location
	Type
	Est. No. Of deaths 

	1584
	Corbeyrier-Yvorne, Switzerland
	Debris flow
	328

	1618
	Piuro, Italy
	Rock-debris avalanche
	1200

	1669
	Salzburg, Austria
	Rock-topple/Rock-fall
	250

	1806
	Goldau, Switzerland
	Rock avalanche
	457

	1814
	Antelao Massif, Italy
	Rock avalanche
	300

	1881
	Elm, Switzerland
	Rock avalanche
	115

	1892
	St. Gervais, France
	Ice-debris flow
	177

	1963
	Vaiont Reservoir, Italy
	Rock slide/Flooding
	1900


Table 1.1: Loss of lives in major landslide events in the European Alps since the late 16th century (Eisbacher and Clague in: Turner and Schuster (eds.), 1996)

Landslides have crippling effect on the economy of the region by damaging infrastructure, crops and productive assets of population besides, imposing huge burden on relief and rescue operations. Globally, landslides cause approximately 1000 deaths a year with an estimated property damage of $4 billion. (ISU Geowarn report: 1998). Table 1.1 shows the yearly losses due to landslides in ten countries. Usually the weaker section or people at higher poverty level are affected most as they are economically ill equipped in terms of resources to cope up with the disruption of life due to this natural hazard. The economic losses due to landslides are twofold:

· Direct costs:

· Repair, replacement, or maintenance resulting from damage to property or infrastructure due to landslides

· Indirect costs:

· Loss of productivity and revenues

· Reduced land value

· Loss of tax revenues

· Landslide mitigation measures

· Adverse effect on water quality/sedimentation/ siltation of reservoirs

· Loss of human or animal productivity because of injury/ trauma

· Secondary effects, such as landslide-caused flooding

	Country
	Annual losses (106 US$)

	Japan
	4.700

	Italy
	2.600

	United States
	1.800

	India
	1.350

	China
	500

	Spain
	220

	Canada
	50

	Hong Kong
	25

	New Zealand
	12

	Norway
	6


Table 1.2 Yearly landslide-related economic losses in 106 US$  (Source??? => Powerpoint).
External Links:

· http://www.unisdr.org/
United Nations Interagency Secretariat of the International Strategy for Disaster Reduction

· http://greenwood.cr.usgs.gov/pub/open-file-reports/ofr-01-0276/
Socioeconomic and environmental impacts of landslides in the Western Hemisphere – U.S. Geological Survey Open-File Report 01-0276

Back to top
1.2. Landslide classification systems

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);

· Landslide geometry (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, concerning: type of movement, material, velocity, morphometric parameters, amount of water involved, velocity, climate, etc. The most important classifications will be discussed briefly. 

Sharpe (1938) presents a classification using 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 1.3).
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Table 1.3: Classification system by Sharpe (1938)

The continuum of slope movements towards the transportation of solids mainly by water (fluvial transportation) or by ice (glacial transportation) is clearly shown in the setup of the classification. Hutchinson (1968, 1988) uses 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. This classification also makes a practical use of the classification of Crozier (1986). He uses threshold values of morphometric criteria (width, depth, length, dilatation, etc.) to define different types of landslides (Table 1.4). 

	Rebound
	When ground is unloaded, either artificially by encavation or naturelly by erosion, the unloaded area responds, initially elastically and subsequently by slow swelling (Peterson, 1958) 

	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 chararcteristically on one or more discrete bounding slip surfaces which divine the moving mass. 

	Debris movement of flow like form
	Term covering five types of movement of flow-like 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 masses 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.


Table 1.4: The classification according to Hutchinson (1988).

Varnes (1978) proposes a classification based on the type of movement and material type.

	Type of Movement
	Type of Material

	
	Bedrock
	Engineering Soils

	
	
	Predom. Coarse
	Predominantly Fine

	Falls
	Rock Fall
	Debris Fall
	Earth Fall

	Topples
	Rock Topple
	Debris Topple
	Earth Topple

	Slides
	Rotational
	Few Units
	Rock Slump
	Debris Slump
	Earth Slump

	
	Translational
	
	Rock Block Slide
	Debris Block Slide
	Earth Block Slide

	
	
	Many Units
	Rock Slide
	Debris Slide
	Earth Slide

	Lateral Spreads
	Rock Spread
	Debris Spread
	Earth Spread

	Flows
	Rock Flow
	Debris Flow
	Earth Flow

	
	(Deep Creep)
	(Soil Creep)

	Complex   –   Combination of Two or More Principal Types of Movement


Table 1.5: Classification system by Varnes (1978)

Wieczorek (…) presents a system that can be used in landslide mapping: the Unified Landslide Classification System. This system relies uses three characteristics: Age of most recent activity, dominant material and dominant type of slope movement (table 1.6).

	Age of Most Recent Activity
	Dominant Material
	Dominant Type of Slope Movement

	Symbol
	Definition
	Symbol
	Definition
	Symbol
	Definition

	A
	Active
	R
	Rock
	L
	Fall

	R
	Reactivated
	S
	Soil
	T
	Topple

	S
	Suspended
	   E
	   Earth
	S
	Slide

	H
	Dormant-historic
	   D
	   Debris
	P
	Spread

	Y
	Dormant-young
	
	
	F
	Flow

	M
	Dormant-mature
	
	
	
	

	O
	Dormat-old
	
	
	
	

	T
	Stabilized
	
	
	
	

	B
	Abandoned
	
	
	
	

	L
	Relict
	
	
	
	


Table 1.6: Unified Landslide Classification System according to Wieczorek (…)
The classification of Cruden and Varnes (1996; Table 1.7) is to a large extent based on that of Varnes (1978). It nominates primarily type of movement, and secondarily type of material. Factors as velocity, depth and moisture of the landslide can be added as an adjective to the classification name. This classification was adopted by the IAEG Commission UNESCO Working Party on World Landslide Inventory (WP/WLI). 

	
	Type of Material
	
	

	
	
	Engineering Soils
	

	Type of Movement
	Bedrock
	Predominantly Coarse
	Predominantly Fine

	Fall
	Rock Fall
	Debris Fall
	Earth Fall

	Topple
	Rock Topple
	Debris Topple
	Earth Topple

	Slide
	Rock Slide
	Debris Slide
	Earth Slide

	Spread
	Rock Spread
	Debris Spread
	Earth Spread

	Flow
	Rock Flow
	Debris Flow
	Earth Flow


	Activity
	
	

	State
	Distribution
	Style

	Active
	Advancing
	Complex

	Reactivated
	Retrogressive
	Composite

	Suspended
	Widening
	Multiple

	Inactive
	Enlarging
	Successive

	   Dormant
	Confined
	Single

	   Abandoned
	Diminishing
	

	   Stabilized
	Moving
	

	   Relict
	
	


	Description of First Movement

	Rate
	Water Content
	Material
	Type

	Extremely Rapid
	Dry
	Rock
	Fall

	Very Rapid
	Moist
	Soil
	Topple

	Rapid
	Wet
	   Earth
	Slide

	Moderate
	Very Wet
	   Debris
	Spread

	Slow
	
	
	Flow

	Very Slow
	
	
	

	Extremely Slow
	
	
	


	Description of Second Movement

	Rate
	Water Content
	Material
	Type

	Extremely Rapid
	Dry
	Rock
	Fall

	Very Rapid
	Moist
	Soil
	Topple

	Rapid
	Wet
	   Earth
	Slide

	Moderate
	Very Wet
	   Debris
	Spread

	Slow
	
	
	Flow

	Very Slow
	
	
	

	Extremely Slow
	
	
	


Table 1.7 Classification according to Cruden and Varnes(1996) and IAEG Commission UNESCO Working Party on World Landslide Inventory (WP/WLI).

Click here to view examples of classification with the Cruden-Varnes method.
Back to top
1.3. Landslide Components and Dimensions

[image: image2.png](SR
€ 50
d‘\;hﬁ\}fmmvpm cracks




figure 1.1: Landslide features.

These landslide features can be distinguished (taken from the Multilingual Landslide Glossary – UNESCO Working Party on World Landslide Inventory, 1993).

· Crown: The material that is (practically) still in place and adjacent to the highest parts of the main scarp.

· Main scarp: A steep surface on the undisturbed ground at the upper edge of the landslide, caused by movement of the displaced material away from the undisturbed ground. It is the visible part of the surface of rupture.

· Top: The highest point of contact between the displaced material and the main scarp.

· Head: The upper parts of the landslide along the contact between the displaced material and the main scarp.

· Minor scarp: A steep surface on the displaced material of the landslide produced by differential movements within the displaced material.

· Main body: The part of the displaced material of the landslide that overlies the surface of rupture between the main scarp and the toe of the surface of rupture.

· Foot: The portion of the landslide that has moved beyond the toe of the surface of rupture and overlies the original ground surface.

· Tip: The point of the toe farthest from the top of the landslide.

· Toe: The lower, usually curved margin of the displaced material of a landslide, it is the most distant from the main scarp.

· Surface of rupture: The surface that forms (or has formed) the lower boundary of the displaced material below the original ground surface.

· Toe of surface of rupture: The intersection (usually buried) between the lower part of the surface of rupture of a landslide and the original ground surface.

· Surface of separation: The part of the original ground surface overlain by the foot of the landslide.

· Displaced material: Material displaced from its original position on the slope by movement in the landslide. It forms both the depleted mass and the accumulation.

· Zone of depletion: The area of the landslide within which the displaced material lies below the original ground surface.

· Zone of accumulation: The area of the landslide within which the displaced material lies above the original ground surface.

· Depletion: The volume bounded by the main scarp, the depleted mass and the original ground surface.

· Depleted mass: The volume of the displaced material that overlies the rupture surface but underlies the original ground surface.

· Accumulation: The volume of displaced material that lies above the original ground surface.

· Flank: The undisplaced material adjacent to the sides of the rupture surface. Compass directions are preferable in describing the flanks but if left and right are used, they refer to the flanks as viewed from the crown.

· Original ground surface: The surface of the slope that existed before the landslide took place.

A landslide has the following dimensions (Figure 1.3; in correspondence with the Multilingual Landslide Glossary (UNESCO Working Party on World Landslide Inventory, 1993):
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1. Width of displaced mass (Wd); is the maximum breadth of the displaced mass perpendicular to the length (Ld).
2. Width of surface of rupture (Wr); is the maximum width between the flanks of the landslide, perpendicular to the length (Lr).

3. Length of displaced mass (Ld); is the minimum distance from the tip to the top.

4. Length of surface of rupture (Lr); is the minimum distance from the toe of the surface to the crown.
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Depth of displaced mass (Dd); is the maximum depth of the displaced mass, measured perpendicular to the plane containing Wd and Ld.

6. Depth of surface of rupture (Dr); is the maximum depth of the rupture surface below the original ground surface measured perpendicular to the plane containing Wr and Lr.

7. Total Length (L); is the minimum distance from the tip of the landslide to its crown.

8. Length of center line (Lcl); is the horizontal component of the total length (L).

Back to top
1.4. States and distributions of Activity

The Multilingual Landslide Glossary (UNESCO Working Party on World Landslide Inventory, 1993) distinguishes these states of activity:

1. An active landslide is currently moving (Figure 1.3).

2. A suspended landslide has moved within the last twelve months but is not active at present (Figure 1.4).

3. A reactivated landslide is an active landslide that has been inactive (Figure 1.5).

4. An inactive landslide has not moved within the last twelve months (Figure 1.6). Inactive landslides can be subdivided into these states:

· A dormant landslide is an inactive landslide that can be reactivated by its original causes or other causes (Figure 1.7).

· An abandoned landslide is an inactive landslide that is no longer affected by its original causes (Figure 1.8).

· A stabilized landslide is an inactive landslide that has been protected from its original causes by artificial remedial measures (Figure 1.9).

· A relict landslide is an inactive landslide that developed under geomorphological or climatic conditions considerably different from those at present (Figure 1.10).
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Figure 1.3: Block diagram of an active landslide.
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Figure 1.4: Block diagram of a suspended landslide.

[image: image5.jpg]Reactivated





Figure 1.5: Block diagram of a reactivated landslide
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Figure 1.6: Block diagram of an inactive landslide
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Figure 1.7: Block diagram of a dormant landslide.
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Figure 1.8: Block diagram of an abandoned landslide.
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Figure 1.9: Block diagram of a stabilized landslide.
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Figure 1.10: Block diagram of a landslide relict.

The activity can be distributed as follows:

· Advancing: the rupture surface is extending in the direction of the movement.

· Retrogressive: the rupture surface is extending in the direction opposite to the movement of the displaced material.

· Enlarging: the rupture surface of the landslide is extending in two or more directions.

· Diminishing: the volume of the displacing material is decreasing.

· Confined: there is a scarp but no rupture surface is visible at the foot of the displaced mass.

· Moving: the displaced material continues to move without any visible change in the rupture surface and the volume of the displaced material.

· Widening: the rupture surface is extending into one or both flanks of the landslide.

Back to top
1.5. Types and Forms of landslides

As was mentioned in section 1.2, landslides can be classified according to their type of movement. This section describes the various types of movement and the resulting landforms. Please note that all types can be further subdivided according to material type. Please note that the distinction made here is not completely in accordance with the Multilingual Landslide Glossary (1993), which does not include subsidence, creep and sagging as separate movement types and recognizes complex as a style of activity rather than a type.

1.5.1. Fall

Falls comprise a detachment of soil or rock from a steep slope and the more or less free and extremely rapid descent of the material. Following this definition, the movement is largely through the air, alternated with the bouncing or rolling on the slope. Although falls can be triggered spontaneously by lateral pressures (roots, crystallisation pressures, ice wedging, etc.) or by lost of underlying support (erosion on cliffs), falling will be preceded by small sliding or toppling movements that separate the material subject to fall from the undisturbed rock mass.
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Hutchinson differentiates between (1) primary rock and soil falls, involving fresh or undisturbed material, from (2) secondary stone and boulder falls, where material that has already been displaced is pushed out of the slope. In primary falls, the process of separation is generally progressive and normally initiated by the very slow aperture of tension cracks (joints).

Click here to view field examples of falls.

Case studies including falls:

· Mount Zandila rock avalanche.

· Zwerchwand rockfall/topple.

· Vaiont rock landslide.

Photo-interpretation exercises involving falls:

· Earthflow triggered by a rockfall: Tor Valley, Pyrenees, Spain.
1.5.2. Topple
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Toppling constitutes a failure in the support conditions of bedrock. A topple is a forward rotation out of the slope of a mass of soil or rock about a point below the centre of gravity of the displaced mass. The process is, identically to fall, associated with very steep slopes. Topples may lead to the sliding of the displaced mass, but toppling is mostly occurring in combination with fall. The process in rock slopes is generally controlled by steep inclined discontinuities more or less parallel to the free toppling face. The rotational movement of the toppling mass can be initiated in similar ways as falls or the movement is triggered by a very slow plastic deformation outside the slope of the underlying rocks. Toppling controlled by a steep dipping discontinuity behind the rock face is the most common and Hutchinson describes single and multiple topples of this type. The flexural toppling as described by Varnes and Cruden (in Turner and Schuster; 1996) is a very slow plastic / brittle deformational process in rock masses which leads to unstable rock slope and toppling can be the result of this process. However this flexural rock deformation is more close to sagging and will be dealt with under that heading.

Click here to see examples of toppling.

Case studies including topple:

· Zwerchwand rockfall/topple.

1.5.3. [image: image20.jpg]


Slide

A slide is defined as a moving slab of soil or bedrock that moves downslope as a whole, remaining in contact with the underlying material. Sliding movement occurs along a shear surface, so the velocity distribution in the moving material is uniform. The shear surface usually consists of a less competent material, or a lubricated layer. Movement doesn’t necessarily initiate or occur at the same moment over the whole slip surface. Initial movements on one place can be the trigger for the enlargement of the total movement. The term successive slides is used when distinct ruptures occur one after the other in time, while the term multiple slide is used for those slides which are composed out of different slide blocks, but which took place more or less at the same moment.

Slides can be sub-differentiated in two essentially different groups: 

1. Rotational slides, which have a more or less circular failure surface. Rotational slides show in general a steep, almost vertical headscarp (crown), with the slided mass in front of it. The rotational movement makes that the slide mass (body) is backtilting towards the headscarp. Tensional cracks can occur in combination with small steps on the body.

2. Translational slides where the sliding mass moves along a pre-existing failure plane (e.g. bedding, schistosity, joint, discontinuity between slope debris and the underlying rock). The total displacement along this failure plane is generally longer; this results in a characteristic smaller depth/length ratio for translational slides (in the order of magnitude of 1/10) in comparison with rotational slides (approximately 1/3). Translational slides are also frequently showing a considerable larger width than a rotational slide.

· Soil Slips (Shallow translational movement in soil material):

· Sheet slide: in cohesionless and dry soils;

· Slab slide: in soil material saturated with water.

· Rock Slides

· Planar slides; movement takes place along one and the same failure plane;

· Stepped slides; movement occurs along a number of parallel failure planes;

· Wedge failures; failure is controlled by two planes which define a wedge shaped block, which is loosened from the rock slope.

· Debris Slides; movements occurring on steeper slopes (25º - 35º), where the slope debris slides off along the discontinuity with the underlying weathered rock

Other landslide types are often associated with slides. Lateral spread and soil creep both have slide-like characteristics in the field. Deep-seated gravitational deformations in rock slopes could be argued to be slides, but are known as sagging. Some sliding movements, especially debris slides and soil slips can evolve into flows, or a combination of the two movement types can occur. Mostly these are denoted as complex mass movements.

Click here to view field examples of slides.

Case studies including slides:

· Langhe Hills soil slips.

· Langhe Hills rock block slide.

· Köfels landslide.

Photo-interpretation exercises involving slides:

· Slope instability in the Sant Arcangelo Basin (Italy)
· El Mirador (Colombia). Headward progression of shallow slides causes road damage.
· “El Tablazo”. Advance of shallow to moderate deep slides caused by land use changes.
· Large scale rockslides and lateral spreads of limestone over marls and shale (Rio Suarez, Dept. Santander, Colombia).
· Flowslides in volcanic ashes east of Manizales.
· False Colour Aerial Photography: Creep, mudflows and rotational slides in colluvial slope deposites and marly shales (Rougemont area, Swiss Alps).
1.5.4. Flow
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Flow movements involve great internal deformation; inter-granular movements dominate over shear surface movements. The internal vertical velocity distribution is not uniform, but the material near the surface runs at a higher velocity rate than the underlying material. The most common subdivision of flows is based on the type of material.

· An earth flow is a type of slow movement, in which the rate of internal deformation is limited. This type includes solifluction. The general form of faster earthflows is that material slumps away from the top, leaving a steplike terrace bounded by a curved, wall-like scarp. The saturated material flows sluggishly to form a bulging toe.

· A mudflow is a type of a fast moving flow. The material is (over)saturated with water. A mudflow mostly originates from overland flow in heavy rainfall, dragging soil particles with it. The kinetic energy can build up so high that and even stones can be taken along.

· Debris from falls and high-energy slides can also behave as a flow (debris flow), especially if air or water is entrained in the initial movement. The trapped fluid may develop high pore pressures, which buoy up the individual debris particles. Alternatively, the numerous interparticle impacts may produce an effect analogous to intermolecular motion in a real fluid, thus enabling even dry, non-cohesive, debris to flow. This type of movement is also called block flow, if taking place in larger material.

High-energy, fast moving flows usually have no vegetation cover, and can therefore be easily recognized. Earth-flows can be recognised from their irregular surface and growth correction of trees to compensate displacement. Usually flows are connected with a denudation niche above, or they appear in a (solifluction) gully. 

Click here to view an animation: animated GIF – MOV Quicktime movie
Click here to view field examples of flows.

Case studies including flows:

· Stava Mass Movement.

Photo-interpretation exercises involving flows:

· Slope instability in the Sant Arcangelo Basin (Italy)
· Mass movements on the eastern slopes of the Cauca River (Colombia)
· Flowslides in volcanic ashes east of Manizales.
· Sturzstrom in the Sierra Las Nieves (prov. Malaga, Spain).
· Landslides due to extreme strong rainstorms.

· False Colour Aerial Photography: Creep, mudflows and rotational slides in colluvial slope deposites and marly shales (Rougemont area, Swiss Alps).
· Earthflow triggered off by a rockfall (Tor valley, Spanish Pyrenees)
1.5.5. Lateral Spread

Cruden and Varnes (in: Turner and Schuster (eds.), 1996) define spread as an extension of a cohesive soil or rock mass combined with a general subsidence of the broken mass of cohesive material into softer underlying material. The surface of rupture is not a surface of intense shear. Spreads may result from liquefaction or flow (and extrusion) of the softer material. As the definition suggests the horizontal (lateral) component is more important than the vertical movement. The horizontal movement is a sliding of the detached blocks of cohesive material over the softer and often also partly induced by a plastic deformation of the underlying material.

[image: image22.wmf]Common are block spreads, where the cohesive material is rock of which large joint controlled blocks are sliding into the valley. The movement sometimes causes clear anomalies to the drainage and valley morphology. When only slight cohesive sandy soils are affected by spreads, than the blocks are falling out quickly diminishing in size and the soil can mix up with the soft underlying material. Flow type movements result often from such a mixture, of course when the existing relief is sufficient steep.

Turner and Schuster (1996) are also considering liquefaction spreads within this group of slope movement. Liquefaction implies the abrupt lowering to zero of the cohesion and the effective stress. The material of the underlying layer therefore behaves as a liquid, carrying on its back the overlying more cohesive material. Abrupt liquefaction is common in sensitive clays (quick clays) and in collapsible soils (loess) or loose saturated sands (quick sands). A distortion of the equilibrium, for example an earthquake, causes a change in internal structure, the abrupt increase of the porewater pressure and this results in the liquefaction.

Click here to view field examples of lateral spread.

Photo-interpretation exercises involving lateral spread:

· Sagging or deep-seated gravitational spreading
1.5.6. Subsidence

Surface subsidence is the gradual or sometimes abrupt collapse of rock and soil layers. Subsidence can be caused by mining, pumping of groundwater, underground coal fires, piping etc. Subsidence is often excluded in landslide classifications. In the landslide definition of Coates (1977) for example, the movement of landslides should be ‘down and out with a free face’.

Click here to view field examples of subsidence.

1.5.7. Sagging

Sagging is large-scale deeply seated deformation, occurring in competent rocks and in zones where erosion has created an unstable situation by cutting out deep valleys (Hutchinson, 1988). Other names for this type of movement are “sackung” (Zischinsky,1969) or gravitational spreading (Radbruch-Hall, Varnes;1976). Velocity rates are very low, in the range of millimeters to centimeters per year. The morphological features resemble confined slides on long and steep rock slopes. Long and large scarps – often close to the highest part of the slopes – limit the upper part of the mass movement, creating a double-crested morphology. One crest is related to the sliding block, the other is the original ridge or crown. The bulging on the lower slope results in antithetical reversed faults, creating elongated depressions along the frontal slopes. The bulging also gives an oversteepening of the already steep slopes and is therefore often associated with rockfall and toppling, which results in extensive scree slopes.

Two basic forms have been described (Rengers and Soeters; 1982). The first one occurs in homogeneous competent rocks, and consists of a collapse of the mountain on the valley side. The other type occurs when competent rocks are overlying softer more plastic deformable materials, such as shales. The weight of the overlying rocks induces a slow plastic deformation of the softer material, which is squeezed into the valley and exerts tensional stresses on the overlying rocks, breaking it up in pieces allowing their sliding. This form of sagging is similar to lateral spreads, with the difference that in sagging the movement is basically downwards while in spreads the horizontal component in the movement is considerable.

Click here to view field examples of sags.

Photo-interpretation exercises involving sagging:

· Sagging or deep-seated gravitational spreading
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Creep

Creep is the slow movement of soil or bedrock down slope. It occurs where the stresses on the slope material are too small to create a rapid failure, or as a result of thawing/freezing effects (see figures 1.16 and 1.22).

Click here to view examples of creep.

Photo-interpretation exercises involving creep:

· Deep creeping and complex mass movements in grey and black  marls in the French Pre-Alpes (La TriPves) : aerial photographs covering the period 1959 – 1981 – 1993
· False Colour Aerial Photography: Creep, mudflows and rotational slides in colluvial slope deposites and marly shales (Rougemont area, Swiss Alps).
1.5.9. Complex

As complex can be classified those slope movements whereby at least two different types of landslides together are responsible for the occurrence or continuation of the slope movement in the area. Common complexes are flowslides and sturzstroms.

Click here to view field examples of complex landslides.

Case studies including complexes:

· Tessina Landslide.

Photo-interpretation exercises involving complexes:

· Slope instability in the Sant Arcangelo Basin (Italy)
· Complex slope failures on the frontal part of the fluvio-volcanic deposits of Manizales.

· Temporal analysis of complex slope movements in black marls in Villarnet (France).
External Links to examples of landslides:

· http://www.science.ubc.ca/~geol351/imgset.html
University of British Columbia landslide image gallery.

· http://www.ngdc.noaa.gov/seg/hazard/slideset/landslides/
NGDC Natural Hazards Slide Sets

· http://www.earthsci.org/esa/geopro/massmov/massmov.html
MinServ Earth Science and Infotech Mass Movement examples.
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1.6. Factors influencing mass movement

The occurrence of landslides is the consequence of a complex field of forces (stress is a force per unit area) that is active on a mass of rock or soil on the slope. Basically, the two main determinative parameters are: 

· An increase of shear stress, which may be the cause of: 

· Removal of lateral and underlying support (erosion, previous slides, movement of adjacent areas, road cuts and quarries).

· An increase of load (weight of rain/snow, fills, vegetation, buildings).

· An increase of lateral pressures (hydraulic pressures, roots, crystallization, swelling of clay).

· Transitory stresses (earthquakes, vibrations of trucks, machinery, blasting).

· Regional tilting (geological movements). 

· A decrease of material strength, which may be the cause of: 

· A decrease of material strength (weathering, change in state of consistency).

· Changes in intergranular forces (pore water pressure, solution).

· Changes in material structure (decrease of the strength of the failure plane, fracturing due to unloading) 

Figure 1.17: Forces involved in mass movement. A: Shear surface  [m2]; W: Gravitational force [N];  Wsinβ: shear stress [N]; R: shear strength (shear resistance) [N]; c: friction constant [kg m-1s-2]

The overall component of forces, linked with slope morphology and geotechnical parameters of the material, defines the specific type of landslide that may occur. This principle indicates the distinction with another mass wasting process, erosion, which is initiated by water, wind or ice.

To give an overview of general potential causes of landslide, a subdivision has been made into: 

· Geological causes

· Weak material 

· Sensitive material 

· Weathered material 

· Sheared material 

· Jointed or fissured material 

· Adversely oriented mass discontinuity (bedding, schistocity, etc) 

· Adversely oriented structural discontinuity (fault, unconformity etc) 

· Contrast in permeability 

· Contrast in stiffness (stiff, dense material over plastic material) 

· Morphological causes

· Tectonic or volcanic uplift 

· Glacial rebound 

· Erosion of slope toe 

· Erosion of lateral margins

· Subterrenean erosion (solution, piping) 

· Deposition of load on the slope or its crest 

· Vegetation removal 

· Physical causes 

· Intense rainfall/ Prolonged exceptional precipitation

· Rapid snow melt/ Thawing/ Freeze-and-thaw weathering

· Earthquake/ Volcanic eruption 

· Human causes 

· Excavation of the slope or its toe

· Deposition of load on the slope or its crest

· Drawdown (of reservoirs)

· Deforestation

· Irrigation

· Mining

· Artificial vibration

· Water leakage from utilities
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Figure 1.18:Landslide Causes

Back to top
1.7. Disaster management

1.7.1. Phases of disaster management

One way of dealing with natural hazards is to ignore them.  In many parts of the world, neither the population nor the authorities choose to take the danger of natural hazards seriously, for various reasons (socio-economic, political, cultural, religious). To effectively mitigate disasters a complete strategy for disaster management is required, which is also referred to as the disaster management cycle (UNDRO, 1991; Carter, 1991; Ingleton, 1991; Alexander, 1993).
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 that happen after the occurrence of a disaster, disaster relief, rehabilitation and reconstruction. 
	Pre-disaster phases
	Post-disaster phases

	Risk Identification
	Mitigation
	Risk Transfer
	Preparedness
	Emergency response
	Rehabilitation and Reconstruction

	Hazard Assessment
	Physical structural mitigation works
	Insurance/ reinsurance of public infrastructure and private assets
	Early warning systems. Communication systems
	Humanitarian assistance / rescue
	Rehabilitation/

reconstruction of damaged critical infrastructure

	Vulnerability assessment
	Land-use planning and building codes
	Financial market instruments
	Monitoring and forecasting
	Clean-up, temporary repairs and restoration of services
	Macroeconomic and budget management

	Risk Assessment
	Economic incentives
	Privatization of public services with safety regulations
	Shelter facilities

Emergency planning
	Damage assessment
	Revitalization of affected sectors 

	GIS mapping and scenario building
	Education, training and awareness 
	Calamity funds (national or local level)
	Contingency planning (utility companies / public services)
	Mobilization of recovery resources
	Incorporation of disaster mitigation components in reconstruction


Table 1.8: Key elements of disaster management (source: IDB, 2000). The green blocks indicate those activities for which Remote Sensing and GIS are most useful.

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 on their investment. Insurance and reinsurance companies are similarly demanding more detailed risk evaluations to be able to set the insurance premiums for projects. Standard procedure will also be (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. 
1.7.2. Geo-spatial requirements

Mitigation of natural disasters can be successful only when detailed knowledge is obtained about the expected frequency, character, and magnitude of hazardous events in an area, as well as the vulnerability of the people, buildings, infrastructure and economic activities in a potentially dangerous area. Many types of information that are needed in natural disaster management have both an important spatial as well as temporal component. 

Remote sensing and GIS provide a historical database from which hazard maps may be generated, indicating which areas are potentially dangerous. Remote sensing data should be linked with other types of data, derived from mapping, measurement networks or sampling points, to derive parameters useful in the study of disasters. GIS may model various hazard and risk scenarios for the future development of an area.

The spatial modeling of hazards is a complex task, in which many factors play a role, and which only experts can execute. It also involves a large number of uncertainties, which have to be taken into account. The zonation of hazard must be the basis for any disaster management project and should supply planners and decision-makers with adequate and understandable information. 

Remote sensing data derived from satellites are excellent tools in the mapping of the spatial distribution of disaster related data within a short period of time. Many different satellite based systems exist nowadays, with different characteristics related to their spatial-, temporal- and spectral resolution. As many types of disasters, such as floods, drought, cyclones, volcanic eruptions, etc. will have certain precursors, real time and near-real time satellite remote sensing may detect the early stages of these events as anomalies in a time series. 

When a disaster occurs, the speed of information collection from air and space borne platforms and the possibility of information dissemination with a corresponding swiftness make it possible to monitor the occurrence of the disaster. Simultaneously, GIS analysis may be used to plan evacuation routes, design centers for emergency operations, and integration satellite data with other relevant data.

In the disaster relief phase, GIS is extremely useful in combination with Global Positioning Systems (GPS) for search and rescue operations. Remote sensing and GIS can assist in damage assessment and aftermath monitoring, providing a quantitative base for relief operations. 

In the disaster rehabilitation phase, GIS can organize the damage information and the post-disaster census information, as well as sites for reconstruction. Remote sensing updates databases used for the reconstruction of an area.

Disaster management is a multidisciplinary activity requiring spatial and temporal information and expertise from many different specialization fields, such as:

· Expertise on techniques for the collection of geo-information, generation of data bases, and design of disaster management information systems. 
· Expertise on the analysis of disastrous phenomena, their location, frequency, magnitude etc. 

· Expertise on hazard zonation and mapping the environment in which the disastrous events might take place: topography, geology, geomorphology, soils, hydrology, land use, vegetation etc. 

· Expertise on the inventory of elements that might be destroyed if the event takes place: infrastructure, settlements, population, socio-economic data, emergency relief resources, such as hospitals, fire brigades, police stations, warehouses etc.
· Expertise on cost-benefit analysis, spatial decision support systems, conflict management, and the implementation of disaster management in organizations in developing countries.

1.7.3. Risk assessment as central theme

Much of the effort in disaster management is on the policy and social side. However, the decision-makers must be supplied with reliable, up-to-date, and interpreted information on the nature and geographical distribution of hazard and risk, and the possible risk scenario's. Risk assessment is considered as the central, and most important aspect within disaster management. 

Risk is defined as "the expected number of lives lost, people injured, or economic losses due to potentially damaging phenomena within a given period of time".


Figure1.19: The risk curve

In order to obtain quantitative risk maps the first essential requirement is to carry out a  quantitative hazard assessment.  Most hazard maps still are of a qualitative nature and do not express the "probability of occurrence of  potentially damaging phenomena with a certain magnitude within a given period of time".  In many developing countries qualitative hazard maps are the only possibility, due to the scarcity of input data for quantitative analysis. There is an important role for data collection using remote sensing and the design of data bases for hazard assessment, as well as the use of various types of modeling techniques depending on the available data and the scale of analysis.  Emphasis should be given to the development of quantitative hazard maps, derived by earth-scientists, based on probabilistic or deterministic modeling. In data-scarce situation qualitative techniques should be applied, based on Terrain Analysis. 

One other aspect which needs to be worked out in more detail is the quantification of vulnerability, which is achieved by making an inventory of the elements at risk (population, building stock, essential facilities, transportation and lifeline utilities, high potential loss facilities, economic activities) and an assessment of the degree of damage that may result from the occurrence of a potentially damaging phenomena. Emphasis should be given to techniques for rapid inventory of elements at risk in densely populated areas (urban and rural), using high resolution images., and the generation of elements at risk databases,  which should be designed for multi-purposes, on the basis of cadastral databases. One other aspect is the modeling of vulnerability, using vulnerability curves in a GIS.  Also input from partners is needed in order to include the economic aspects, in order to come to quantitative loss estimation.

The combined information of hazard and vulnerability is used to derive at quantitative risk analysis, including the total losses due to different hazards with different return periods and magnitudes.  Methodologies for data handling and quantification of risks have for a large part still to be developed.  For the largest part the expertise is available within specialized organizations (mostly within re-insurance companies which do not publish their methods due to commercial reasons: e.g. MRQuake, MRStorm and MRFlood from Munich Reinsurance, or RiskLink® from RSM). However, general models for the estimation of potential losses from natural disasters such as earthquake or floods are becoming available (HAZUS, RADIUS). They have to be adapted for use at different levels of details, and different applications (e.g. nation-wide, provincial or municipal scale).

One of the large challenges is the implementation of these risk maps into risk scenarios, and the development of spatial decision support systems for disaster management, to be used in:

· Anticipating the possible nature and scope of the emergency response needed to cope with disaster, 

· Developing plans for recovery and reconstruction following a disaster, and

· Mitigating the possible consequences of disasters.
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Figure 1.20: Different views of the large-scale database for the city of Turrialba, Costa Rica. A: orthophoto, B: vector overlay of parcels, C: polygons displaying land use type, D: reading information from the attribute database.
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1.8. Identifying landslides

The crucial element in the process of hazard assessment is the identification of landslides. Form and features indicating (former) slope movement obviously depends on state of activity and type of movement, but in general these indicators can be used (see also figures 1.18 and 1.19).

· Vegetation cover: intact/disrupted.

· Presence of cracks or scars.

· Disturbance of the drainage pattern.

· Excessive soil moisture or abrupt soils moisture changes.

· Terrain form (e.g. hummocky, niche-lobe sequence)

· Bent growing or tilting of trees, tilting of electricity posts etc.

The next chapter deals with the usage of remote sensing and aerial photography in identifying landslides.
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Figure 1.21 Features indicating (former) flowing movement
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Figure 1.22: Surface features indicating soil creep.

External Links:

· http://walrus.wr.usgs.gov/elnino/landslide-guidelines.html
USGS Landslide Recognition and Safety Guidelines

· http://www.gcrio.org/geo/slope.html
Geo-indicators for slope failure (U.S. Global Change Research Information Office)
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Figure1.2: Landslide dimensions.





Figure 1.11: Fall
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Figure 1.12: Topple
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Figure 1.13: Schematic outline of a rotational slide
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Figure 1.14: Flows
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Figure 1.15: Lateral Spread
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Figure 1.16 Creep








