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Introduction

Landslides are major natural and/or anthropogenic hazards that can result in major human
su!ering, livelihood and material losses, and environmental degradation. Worldwide, the total
land area subject to landslides is about 3.7 million km2, where nearly 300 million people live, or
"ve per cent of the world’s population (Dilley et al. 2005). Landslides can kill thousands of
people. In the city of Huaraz, Peru, in 1941, a landslide transporting 10 million m3 of materials
travelled more than 23 km down the Cohup Creek valley, killing between 4,000 and 6,000
people and damaging twenty-"ve per cent of the city (Schuster and Highland 2007). More
recently, on 1 March 2010, after days of intensive rain, a landslide buried 400 people and
forced the relocation of more than 5,000 families in Bududa, Uganda (Uganda Red Cross
2010). Such destructive events make landslides a major concern for potentially a!ected com-
munities, as well as scientists and government o#cials. The combined understandings of land-
slides from all these actors are essential to landslide risk reduction by improving the e#cacy of
such activities as hazard and risk assessment, vulnerability reduction and capacity enhancement.

Slope failure

Landslides (mass movement) results from slope failure. They are forms of downslope rock,
sediment and/or soil movement, occurring from the surface of rupture – either a curved or
planar slip surface – under the direct in$uence of gravity (Glade and Crozier 2005). Landslides can
occureither along natural or arti"cial slopes and are frequently associated with the presence of
water or ice, although these substances do not act as primary transportational agents.
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Slope slippage may be due to earthquakes, some of which can even be provoked by human
action (e.g. the 1963 Vajont disaster, in northeast Italy), or to human-made large-scale explo-
sions, such as nuclear detonations. These intense vibrations trigger rapid and high-magnitude
pressure. Stress is transferred to soil water instead of particles, which will start $oating. The
ensuing liquefaction can even unhinge the base of entire multi-story buildings, for example, and
make them bob, slide and fall, like pieces of wood $oating on water (see Chapter 26).

The initiation of movement can also be due to material added at the slope summit or
removed at the slope bottom, giving rise to uneven weight distribution. Whether mass move-
ment will result or not depends crucially on soil type as well. Added material can include rain
water in"ltrating and accumulating in a soil, the weight of which will then be increased.
Another source of slope failure can be water saturation of a higher-positioned soil (or rock
layer) having the same angle as the ground surface. This can also occur when less permeable
soils are "lled with water only in their upper horizon(s). Water weakens soil particle cohesion
and the lubricated material will slide down the slope. More gradual forms of soil movement can
be worsened or mitigated by human activity. For instance, soil creep, which is associated with
wet–dry or freeze–thaw cycles, can be a!ected by human-induced regional climatic changes (e.g.
urban heat island e!ects). It can lead to slope failure when the weight of accumulating material
overtakes the capacity of a slope to hold it in place or slow down its movement. The complete
removal of soils and its nearby dumping and accumulation create slope instability or accentuates
pre-existing landscape susceptibility to slippage.

Landslide typology

No simple and ideal classi"cation system exists for landslides because of their typically high level
of complexity. However, slope failure can be classi"ed according to mechanism, material type,
slip surface morphology and movement velocity:

! Rockfall refers to materials falling, bouncing or rolling from a steep or even vertical slope
along a surface on which little or no shear displacement has occurred. On 18 April 1991 one
of the largest rockfalls occurred in Randa, Switzerland, where 30 million m3 of rocks fell
and dammed the Mattervispa River. Between 10 cm and 40 cm of dust were deposited
within a radius of approximately 1 km from the rockslide area (Glade and Dikau 2001).

! Topples include the forward rotation out of a slope of rocks around an axis below the centre
of gravity of the displaced mass. There is no slip surface. On 27 September 1996, in Cow-
aramup Bay, Australia, a 14-m-high limestone sea-cli! toppled and killed nine people who
were attending a primary school surf carnival. The disaster occurred while spectators were
sheltering from rainfall under the cli! (Michael-Leiba et al. 1997).

! Sliding refers to all types of downslope movements of varied materials (rock, soil, debris or a
mix of these) occurring on a slip surface, including translational slides which are characterised
by a linear surface of rupture and for which the movement at the surface and near the failure
surface shows relatively the same velocity; rotational slides, which are characterised by the
spoon form of the failure surface. On 7 April 2010 heavy rainfall triggered dozens of rota-
tional slides near Rio de Janeiro, Brazil, and killed at least 138 people, while 53 others were
missing and 3,200 were homeless (Palermo and Engle 2010).

! Lateral spreads are horizontal extension of materials occurring on gentle, undulating or $at
terrain usually accompanied by a vertical movement due to the subsidence of the fractured
mass of cohesive materials. This process occurs usually with heavy and hard materials placed
on weak and softer materials. Signi"cant lateral spreads are occurring in Wadas Lintang,
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Indonesia. These are mainly caused by the presence of an expansive clay layer resulting from
weathered volcanic materials. Lateral spreads rarely kill, but cause extensive damage to
houses, buildings, roads and lifelines.

Box 25.1 An uncommon type of slide: wasteslides in urban dumpsites

Franck Lavigne
UMR 8591 Laboratoire de Géographie Physique–CNRS, Université Paris I, France

Only a handful of contemporary disastrous solid wasteslides have been documented in
the world, although such events often occur in squatter areas without any record.
Wasteslides are often triggered by intense rainfall as for the 10 July 2000 disaster in
Payatas, in Manila (Philippines), which occurred in the aftermath of two successive
typhoons. Some events may also happen without any rain. For example, the increasing
water pressure due to leachate circulation favoured the 8 September 2006 wasteslide at
the Bantar Gebang dumpsite in Bekasi (Jakarta, Indonesia). Explosions due to biogas
release may have triggered other wasteslides such as in Istanbul (Turkey) in 1993 and at
Leuwi Gadjah (Bandung, Indonesia) in 2005.

Whatever the triggering factor, wasteslides always occur in unstable dumpsites or
those with steep slopes. Understanding the quantitative parameters in waste dumps is
challenging, suggesting dif!culties in predicting them before an event. First, it is dif!-
cult to sample undisturbed waste deposits, which are typically heterogeneous and very
!brous, thus poorly cohesive. Second, the physical and chemical properties of the
deposits rapidly evolve over time, due to the progressive waste compaction and
decomposition processes. Third, the water pressure also varies over time within the
waste deposits, as observed at the Doña Juana dumpsite in Bogotá (Colombia).

The volume of the largest wasteslides ranged from a few hundred thousand cubic
metres (e.g. Bogotá in 1997, or Manila in 2000), to 1.2 million to 1.3 million m3

(Istanbul), i.e. the equivalent of thousands of tons of waste. Half of the documented
events were de!ned as slides (e.g. Istanbul, Jakarta, or Coruña, Spain in 1996), whereas
the others were described as debris "ows (e.g. Bogotá, Manila) or debris avalanches
(Bandung). However, the process of waste motion remains poorly understood. Most of
the existing data result from visual observations by eyewitnesses, whereas the internal
structure of wasteslide deposits has rarely been analysed so far.

The main disasters occurred in the vicinity of large and quickly growing cities. In
Manila, Jakarta and Bogotá, vulnerable, poor communities often struggle to make a
living by scavenging an increasing amount of solid waste, although this constitutes a
major hazard to their life. In these cities, waste disposal procedures are often uncon-
trolled and the slopes of the dump front often reached critical values (30°–45°) before
failure. Several post-disaster surveys in Manila, Jakarta and Bogotá revealed that small
wasteslides had occurred at the same dumpsites in the past, yet no preventive mea-
sures had been taken by local authorities. Additionally, people returned to the vicinity
of the dumpsite because it provided for their daily livelihood and they had few other
choices.

In that context, reducing the risk of wasteslides should consist of not only preventing
the hazard from wasteslides, but also alleviating the poverty that compels poor people
to settle and work on dangerous dumpsites. Long-term waste reduction measures are
needed as well.

Landslide and other mass movements
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! Debris $ows are continuous movement of saturated earth materials on a rupture plane. They
usually occur with high to very high velocity within a short period of time and can travel
hundreds of metres to several kilometres. A large debris $ow occurred on 19 February 2007
in Yaka, Turkey, following a period of rapid snowmelt and heavy rainfall. It transported
about 85,800 m3 of soil-like marl over 750 km. Debris materials formed a debris-dam lake
which threatened 3,000 people (Özdemir and Delikanli 2009).

Physical characteristics of landslides

Landslide hazard refers to the threat posed by a potential landslide for local communities. Crucial
questions to address include ‘what’, ‘where’, ‘when’, ‘how strong’ and ‘how often’ landslides
occur at a given location. Large-magnitude events are rare, while small events occur more
frequently. The relationship between magnitude and frequency can be visualised by a declining
exponential curve or power-law function. High-magnitude landslides include the debris $ows
that struck Venezuela in September 1987. Unusual rainfall reaching 174 mm and pouring for
almost "ve hours led to 2 million m3 of earth materials being transported (Schuster et al. 2002). In
the same area a similar event mobilised 10 million m3 in the pre-Columbian era. Such large
events are extremely rare and should not overshadow the smaller and more frequent landslides,
the cumulative impact of which is higher.

Landslide hazard assessment includes the evaluation of the spatial and temporal probability of
landslide occurrence. Assessing spatial probability consists in delineating homogeneous areas
with the same landslide probability through either qualitative or quantitative methods. Quali-
tative analyses are based on experts’ evaluation of di!erent maps (e.g. geomorphological, geo-
logical and slope maps), and rely on the assumption that the relationships between the landslide
hazard and the variables used are known, can be delineated on the map and indicated in models.
Yet the use of models brings up questions about the reproducibility of results, the subjectivity of
selection and the weighting of variables.

Quantitative analysis is done by relating a dependent variable (landslide occurrence) to several
independent variables (e.g. slope, geology, land use, etc.). Values of landslide susceptibility refer
to spatial densities of landslides calculated for each class of parameters. Hazard evaluation is based
on the sole quantitative analysis of landslide data and maps, and does not involve experts’ opinions.
The temporal probability of landslides can be approached through an existing landslide database
and long-term records of landslide-triggering factors (mainly rainfall and earthquakes).

Three main factors combine to cause landslides: predisposing, preparatory and triggering
factors. Predisposition refers to static and inherent terrain variables not only a!ecting slope sta-
bility but also acting as catalysts that render the dynamic destabilising factors more e!ective. For
example, a dip that is parallel to a slope will be more sensitive to triggering factors.

Preparatory factors consist of dynamic processes that reduce slope margin stability during a
given period of time without starting any movement. In connection with predisposing factors,
they can make a slope shift from more to marginally stable conditions. They can function at
geological timescales, such as in weathering processes, climate change, tectonic activity, or on a
shorter timescale, as in cases of deforestation or slope cutting for the construction of a road.
Wild"res are also expected to a!ect shallow landsliding and debris $ow signi"cantly. Over
burned areas evapotranspiration rates are reduced and lead to increasing soil moisture. Forest
clearance through wild"re also removes forest canopies, which have an essential role in reducing
raindrop energy.

Triggering factors consist of variables that directly cause the slope failure, as in a prolonged
rainfall, an earthquake, slope cutting or over-burden on a slope. Major debris $ows occurred in
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Box 25.2 Multi-scale landslide risk assessment in Cuba

Enrique A. Castellanos Abella
Institute of Geology and Palaeontology, Cuba

Landslides cause a considerable amount of damage in the mountainous regions of
Cuba, which cover about twenty-!ve per cent of the territory. Until now, only a limited
amount of research has been carried out in the !eld of landslide risk assessment in the
country. This research presents a methodology and its implementation for spatial
landslide risk assessment in Cuba, using a multi-scale approach at national, provincial,
municipal and local level.

At the national level, a landslide risk index was generated, using a semi-quantitative
model with ten indicator maps, by means of spatial multi-criteria evaluation techniques
in a GIS system. The indicators standardised were weighted and combined to obtain
the !nal landslide risk index map at 1:1,000,000 scale. The results were analysed per
physiographic region and administrative units at provincial and municipal levels.

The hazard assessment at the provincial scale was carried out by combining heuristic
and statistical landslide susceptibility assessment, its conversion into hazard maps and
the combination with elements at risk data for vulnerability and risk assessment. The
method was tested in Guantánamo province at 1:100,000 scale. For the susceptibility
analysis, twelve factor maps were considered. Five different landslide types were ana-
lysed separately (small slides, debris "ows, rockfalls, large rockslides and topples). The
susceptibility maps were converted into hazard maps, using the event probability,
spatial probability and temporal probability. Semi-quantitative risk assessment was
made by applying the risk equation in which the hazard probability is multiplied with
the number of exposed elements at risk and their vulnerabilities.

At the municipal scale, detailed geomorphological mapping formed the basis of the
landslide susceptibility assessment. A heuristic model was applied to a municipality of
San Antonio del Sur in eastern Cuba. The study is based on a terrain mapping units
(TMU) map, generated at 1:50,000 scale by interpretation of aerial photos, satellite
images and !eld data. Information describing 603 terrain units was collected in a
database. Landslide areas were mapped in greater detail to classify the different failure
types and parts. The different landforms and the causative factors for landslides were
analysed and used to develop the heuristic model. The model is based on weights
assigned by expert judgement and organised in a number of components.

At the local level, digital photogrammetry and geophysical surveys were used to
characterise the volume and failure mechanism of the Jagüeyes landslide at 1:10,000
scale. A runout model was calibrated based on the runout depth in order to obtain the
original parameters of this landslide. With these results, three scenarios with different
initial volume were simulated in Caujerí scarp at the scale of 1:25,000 and the landslide
risk for ninety houses was estimated considering their typology and condition.

The methodology developed in this study can be applied in Cuba and integrated
into the national multi-hazard risk assessment strategy. It can be also applied, with
certain modi!cations, in other countries.

For further information: http://www.itc.nl/library/papers_2008/phd/castellanos.pdf and
http://www.paci!cdisaster.net/pdnadmin/data/original/2ndPRDRMmeetingNadi_Carlos_
INSMET_09.pdf. Author contact: enrique@igp.gms.minbas.cu.

Landslide and other mass movements
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October 1954 and May 1998 in southern Italy after intense rainfall, which caused thin pyro-
clastic layers to slide on steep limestone slopes, killing 300 and 160 people, respectively (Fiorillo
and Wilson 2004). The 21 September 1999 Chi-Chi earthquake in Taiwan triggered more than
10,000 landslides which a!ected an area of about 11,000 km2 (Khazai and Sitar 2003).

Anthropogenic aspects of landslides

The probability of occurrence of landslides is often increased by human activities both in rural
and urban settings. In rural areas, deforestation due to commercial logging and erosion from
intensive agriculture are major causes of landslides. In eastern Luzon, Philippines, decades of
illegal commercial logging had weakened the slopes above the town of Real, which was buried
by several huge landslides in late 2004, killing more than 400 people (Gaillard et al. 2007). Still in
the Philippines, the devastating landslides that struck the town of Ormoc in November 1991 and
killed 6,000 people originated in sugar cane plantations where the land was devegetated by
decades of intensive exploitation.

Similarly, large mining activities contribute to signi"cant erosion and subsequent landslides.
In the case of south Wales, for instance, coal mining has resulted in greater frequency and
magnitude of slope failure in an already landslide-prone region. As in other cases discussed in
this chapter, such human-induced change cannot be explained by focusing only on local social
dynamics. Mining is directly linked to national and world economies. In this case, a shift
towards steel and other coal-demanding production promoted mine expansion in south Wales.
The 1966 Aberfan landslide disaster is a well-known outcome of such con$uence of pro"t-
seeking concerns and pre-existing environmental processes (Bentley and Siddle 1996).

Subsistence agriculture may also lead to erosion and landslides through micro-topographic
changes, such as in the case of terraces along steep slopes observed in many Asian countries.
While terracing facilitates ploughing and irrigation and limits fertiliser losses, it also increases
water in"ltration and pressure by saturating surface and sub-surface materials, thus potentially
increasing the probability of landslides. Landslides also frequently occur in areas planted with
subsistence root crops, which are known for aggravating erosion in erodible soils. Farming and
hunting activities may also indirectly lead to landslides. In Malawi, landslides result from hunt-
ing through the use of "re which is e!ective in driving wild animals out but simultaneously
leads to the destruction of slope-stabilising shrubs (Msilimba 2010). One must, however, be
wary of claims imputing landslides solely, if at all, to such subsistence activities, as the case of
Nepal, described below, demonstrates.

In urban areas, slope cutting and other engineering interventions weaken steep slopes and
often lead to landslides. Alexander (1987) attributes the December 1982 landslides that a!ected
a large area of the city of Ancona, Italy, to uncontrolled urbanisation and road building, which
raised in"ltration and disturbed surface sediments without the establishment of a proper drainage
system. In September 2008, in Egypt, a massive rock fall entombed a section of Cairo’s largest
slum and killed eighty-two people. Shanties at the time were located both below and on top of
a limestone cli!, with an inadequate sewage system, leading to the progressive dissolution of soft
rock materials and their transformation into a $our-like paste (Makary 2008).

Landslides can cause enormous damage more indirectly through human-induced environ-
mental changes, not only at the source of landslide materials in mountainous areas but also in
places where transported materials accumulate. Landslides can reduce water quality and potability,
lessen soil fertility and reduce stream and lake capacity, which can contribute to water shortages.

Landslides can damage forests for decades, especially in the tropics, where rainfall is intense.
The productivity of a landslide-damaged forest was reduced to seventy per cent over the "rst
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sixty years in the Queen Charlotte Islands o! the Canadian coast. Regeneration tends to be
slower after a landslide. In Taiwan it took six years for a forest to recover up to ninety per cent
of its former extent, after landslides in 1999 (Lin et al. 2006).

Landslides also lead to severe erosion and sediment supply. In the aftermath of the 1999
earthquake in Taiwan, landslides abruptly increased the Da-Chia River sediment content from
about 98,363 tonnes/year with 6.14 mm of average annual erosion depth, to 353,088 tons/year
with 22.07 mm of average annual depth (Lin et al. 2008). Large amounts of earth and organic
materials were then transported through surface runo! and fed rivers, lakes and dams. It led to a
decrease in water quality for local communities.

In California, USA, earthquake-triggered landslides in January 1994 led to an outbreak of the
fungus Coccidioides immitis, which spread through airborne dust and contaminated soils in some
semi-arid areas of Central and South America. It also caused ‘valley fever’ in a!ected communities
(Geertsema et al. 2009).

In Padang, Indonesia, in September 2009, deep-seated landslides were triggered by an
earthquake and dammed a river. Eventually intense rainfall led to the collapse of unstable
materials and resulted in debris $ow with very high sediment concentration, which buried large
tracts of agricultural land, while a village was entirely buried by landslide materials.

The impact of landslides on people

Table 25.1 records recent catastrophic landslides that occurred worldwide over the last "ve
decades. Most of these events were triggered by intense rainfall and earthquakes in both built and
natural steep terrains.

Most of these events have occurred in developing countries where landslide-prone areas are
often, but not always, settled by marginalised communities that cannot a!ord nor have the
ability to claim safer settlements in gentler or $atter terrain. Exposure and vulnerability to land-
slides therefore intimately intertwine with people’s political–economic status and livelihoods.

In Java, Indonesia, the 1997 economic crisis forced thousands of poor farmers to migrate
towards upper volcanic slopes, considered to be the last agricultural frontier. In the years fol-
lowing, Lavigne and Gunnel (2006) documented hundreds of landslide events that killed tens of
people. To sustain their daily needs, many people are compelled to settle and exploit steep and
fragile slopes and face landslide hazard.

In La Paz, Bolivia, it is estimated that 500,000 out of a total population of 800,000 people are
poor settlers who live in precarious houses along the dangerous slopes that tower above the city
(Nathan 2008). As a consequence, landslides have washed away hundreds of houses over the last
decades and killed tens of people.

In Colombia, thousands of poor families have $ed their rural, con$ict-torn villages over the
last decades and $ocked to cities such as Manizales where they hoped to "nd better livelihood
opportunities in connection with the co!ee and banana economy. Most settled on steep slopes,
regularly a!ected by landslides, which stretch down from the upper $at ridge occupied by the
richest communities (Chardon 1999).

In most circumstances, people are aware of the risk but lack the political power to put holistic
risk reduction actions into e!ect. For example, before the September 2008 rock fall in Cairo,
some of the residents reported the development of cracks in buildings to the local government,
which ignored the situation (Makary 2008). In Tanzania, a major landslide occurred on 13
November 2009 along the slopes of Mount Kilimanjaro. At least twenty-"ve people were
killed and hundreds of others were forced to evacuate in precarious conditions. The landslide
was triggered by unusually heavy rainfall spanning four days. Although people were prepared to
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cope with a prolonged drought thanks to the work of a local non-governmental organisation
(NGO), they were unable to cope with heavy rainfall. This inability was worsened by the
absence of support from local or national authorities.

It is not only the poor who are a!ected by landslides. In the European Alps there has been a
signi"cant increase over the past four decades in government subsidies to prevent settlement
abandonment, in purchases of holiday or retirement homes by private individuals, and in largely
private investments in tourist amenities and even housing speculation, such as in northern Italy
(e.g. Val d’Aosta, Trentino Alto Adige, Tuscany). In consequence, landslides can threaten
wealthier communities, as in the case of the wealthy municipality of Passy in the northern
French Alps.

Farming on the steep slopes in Nepal

In tectonically active and often high-precipitation environments like the Himalayas, there is
always great potential for slope failure. Certainly, soil erosion is generally enhanced, but the large
amounts of yearly sedimentation have also been used to advantage. Material accumulating from
up-slope erosion often contributes more nutrients and organic matter to land at lower altitude,
among other positives such as increasing soil depth. In Nepal, the building of terraces is one major
way in which people have bene"ted from high soil susceptibility. Owing to the constant, labour-
intensive e!orts of local inhabitants in creating and maintaining vegetated terraces, and in many
cases even forests, erosion rates and slope failures can be less than they would be otherwise
(Acharya 2005; Gardner and Gerrard 2003). Farming communities cope with the permanent
threat of landslides not only by terracing, but also by ceasing to irrigate or even cultivate
endangered terraces, thereby reducing the lubricating e!ect of water movement within soils.

Table 25.1 Selection of catastrophic landslides that occurred over the last !ve decades worldwide

Date Location Impact on people

07/04/2010 Río de Janeiro, Brazil 138 people killed, 53 missing, 3,200 homeless
02/03/2010 Bududa, Uganda 400 killed, 5,000 people displaced
09/10/2009 Benguet, Philippines 120 killed, 35,000 evacuated
06/06/2009 Chongqing, China 78 people missing
17/02/2006 Leyte, Philippines 1,221 killed, 19,000 people displaced
2005 Mumbai, India 500 killed
09/04/2000 Tsangpu Canyon, Tibet 130 killed
12/1999 Venezuela 30,000 killed, 400,000 homeless
04/12/1996 Guiyang, Guizhou, China 35 killed
1994 Cauca, Colombia 271 killed, 1,700 missing, 12,000 displaced
02/06/1993 Nepal 3,000 killed
23/01/1989 Tajikistan 10,000 killed
1988 Petropolis and Río de Janeiro, Brazil 4,263 homeless
27/09/1987 Medellin, Colombia 500 killed
03/04/1987 Cochancay, Honduras 2,800 killed
31/05/1970 Nevados Huascaran, Peru 18,000 killed
1967 Sierra des Araras, Brazil 1,700 killed
1966 Río de Janeiro, Brazil 1,000 killed
09/10/1963 Vajont, Italy 2,000 killed
10/01/1962 Nevados Huascaran, Peru 4,000–5,000 killed

Source: After EM-DAT 2010

Danang Sri Hadmoko and S. Engel-Di Mauro

304
6=I F B 6= = =I 2E = A :E F :A P? E I A E A R 0AI E IA  A =G  =RG =I?E 5 P  & 8 9PA 3 F 1AI =G 

D , A F?AI =G PA ? H GE I EICD=H A =EG =? E I. ? 2-
1 A= A B H I EICD=H I & & , ,

1
R

EC
D

T
&

=R
G

=I
?E

5
P

/
GG

EC
D

A
A

QA



In such high-energy conditions, sudden terrace failure, mass wasting or large landslides are
typical, regardless of human counter-measures, even if sometimes deforestation can magnify
rates, depending on the type of ground cover left and intrinsic soil properties. Along lower-
elevated contours next to river banks, terracing can be even more precarious and much vigi-
lance and resources are often devoted to these areas. It takes years for terrace repair, its duration
depending on economic circumstances. The likelihood of intensi"ed erosion and terrace failure
is magni"ed when basic resources are made scarce or unavailable as a result of international
economic pressures, government policies and/or war.

For example, deforestation can be better understood in the context of land inequality, which
renders poorer communities more dependent on forest resources. Population growth plays at
most a minor role, and in some areas it has even been associated with greater slope stability

Box 25.3 Avalanche deaths

Benjamin Zweifel
WSL Institute for Snow and Avalanche Research SLF, Switzerland

One type of slide is an avalanche, referring to snow and ice sliding down a slope. Ava-
lanches tend to cause mostly disruption, through interfering with winter sports and
damaging transportation routes, but less af"uent countries have often experienced
high-mortality avalanches.

The number of annual avalanche-related deaths worldwide is not precisely known. In
a survey done by the International Commission for Alpine Rescue (IKAR), which repre-
sents twenty-one countries in Europe and North America, 160 fatalities per year from
1976 to 2002 were identi!ed (Meister 2002). Additionally, snow-related tourism desti-
nations in Australia, Eastern Europe, Japan, New Zealand and high-mountain regions –
notably expeditions in the Himalayas and Andes – yield an estimated ten to twenty
avalanche fatalities per year.

Avalanche deaths also occur in other mountain regions of the world – such as 102
avalanche deaths in four events in Pakistan during 11–18 February 2005 – but are often
not reported or recorded. Settlements and traf!c routes in remote mountain areas can
suffer 100–200 avalanche deaths per year, with few avalanche safety precautions taken.

In more af"uent countries, people in settlements and along land transport routes are
generally well protected against avalanches because previous events have led to
extensive safety precautions, including a well-developed avalanche warning service. In
countries such as Iceland and Canada, eighty per cent to ninety per cent of avalanche
deaths are related to tourism, including local tourism, even though extensive avalanche
warning services are available. Most avalanche casualties are therefore winter sports
enthusiasts who trigger the avalanches that lead to their deaths. In the USA more than
three-quarters of the 440 avalanche deaths from 1950 to 1994 were related to sports
or recreation.

The most frequent physical mechanism of death in avalanches is asphyxia: lack of
oxygen from being buried in the snow, leading to acute suffocation. Most avalanche
survivors kept their heads above the snow. The next most common mechanism of
death in avalanches is physical trauma, potentially leading to shock and hypothermia.
Regarding physical trauma, avalanche victims are frequently hurt by the impact of
obstacles, for instance trees and rocks, or by snow pressure. Rarely a drowning can be
avalanche related, if an avalanche sweeps people into a lake or river.
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(Paudel 2002). The uneven geography of periodic disasters, due to combined and uneven
e!ects of environmental and social forces, also a!ects some communities more than others. In
any event, soil nutrient content may decline on some lands more as a result of cropping prac-
tices than erosion problems (Schreier et al. 1994). This can create conditions for widening
existing economic disparities and greater landslide hazards in detrimentally a!ected areas (Johnson
et al. 1982).

Understanding and assessing precursory signs of landslides

In order to reduce the potential impact of landslides, it is essential to recognise the signs that
precede slope failure. These may di!er from one area to another due to speci"c geological,
geomorphological, climatic and human conditions. Understanding the precursory signs is
essential to disaster risk reduction (DRR). These include processes that are easily identi"able in
the natural and built environment (see Figure 25.1).

Extreme topographical change from very steep slope to $at terrain is common to landslide-
prone areas. A head scarp at the top of a slope may re$ect previous landslides. Ground cracking
in linear form parallel to contour lines due to the slow slope movement may also serve as an
indicator of landslide-prone areas and should be covered by earth materials to prevent rainwater
in"ltrating subsurface zones. Some slow movement may be accompanied by creaking, snapping
or popping noises resulting from the friction of earth materials at the bedding plane. In times of
heavy rainfall, special attention should be paid to muddy seepage and springs that may result
from subsurface erosion on the potential slip surface of landslides. The uncommon increase or

Figure 25.1 Evidence of landslides in Central Java, Indonesia: (a) tilted coconut tree; (b) ground
cracking on asphalted roads; and (c) cracking in a wall

Source: Photographs by Danang Sri Hadmoko
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decrease of spring discharge is a common sign of hill-slope aquifer disruption. Tilting trees and
withered plants are other signs of subsurface movement. Precursory signs are also evident in
built environments such as with cracking in walls, foundations and drainage systems, or with tilted
telephone poles. Visible space and sticking between doors and window frames are indications of
building deformation due to slope movement.

Community-based susceptibility assessment

Community-based landslide DRR has been implemented in Manizales, Colombia. The guardi-
anas de las laderas (slope guardians) are groups of young mothers who have been recruited, trained
and hired by the local government to prevent and mitigate the e!ects of landslides. They are
responsible for maintaining the drainage channels on steep and engineered slopes, and for training
local residents in better garbage management (Hermelin and Bedoya 2008).

Community-friendly methods have also been developed to monitor slope instability. In the
Philippines slope angle is measured by using folded paper (see Figure 25.2), while the strength
of rock and soil materials is estimated with a carpenter’s hammer. Visual observation enables the
assessment of the status of vegetation cover, land use, drainage systems and artesian $ow
(Peckley et al. 2010).

Figure 25.2 A non-expert approach to estimating angles of slopes by using folded paper techniques
Source: Copyright Peckley et al. 2010
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a. To form a 45° angle, fold a square-shaped piece of into half,
    diagonally, forming a triangle of equal size.

b. To form a 30° and 60° angle, fold the square paper into three equal
    parts, diagonally. The corner with the smallest angle is the 30°
    while the next larger corner is the 60°

c. To form the 15° and 75° angle, from position b), fold the smaller
   andle (30°) one more time, into haldf. The smallest angle produced
   is the 15° while the nexr larger angle is the  75°

d. To estimete the angle using this technique, find a spot
   outside the area being investigated where the slope angle a can be
   visually compared with any of the above paper-fold angles.
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ext larger corner is the 60°
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Prevention, mitigation, protection and warning systems

Landslide DRR comprises measures designed to avoid (prevention) or reduce (mitigation, pro-
tection and preparedness) the undesirable impacts of landslides. The entire removal of hazards is
unrealistic, so the reduction of key aspects of vulnerability should be conducted.

Strategies to be adopted to reduce landslide losses vary, depending on the geographical setting,
climate and social conditions. Strategies should combine governmental decisions (top down) with
the aspirations of local people (bottom up) in order to avoid ine#ciencies in the implementa-
tion of risk reduction measures. These include physical protection and bioengineering solutions.

Physical protection in facing landslides

Physical protection comprises all the measures related to the modi"cation of slope geometry,
drainage, retaining structures and internal slope reinforcement, and large constructions (walls,
dams, drainage systems) that can reduce or protect against landslide hazards. Large check dams are
usually used in Japan to mitigate sediment-related hazards such as debris $ows. A wide range of
check dams are developed according to slope morphology, the sources of materials and the
geological settings. Concrete check dams are the most common types, built both to capture
the runo! sediment directly and to reduce the discharge of runo! sediments. The latter represents
the so-called sediment control function (Popescu and Sasahara 2009).

Sophisticated and costly constructions are sometimes unrealistic for poor countries. There-
fore, cheap, simple and low-technology means for homeowners are more e!ective for landslide
protection. A traditional technique consists of covering soil cracks with ground coatings. This
can be conducted by local inhabitants to avoid rainwater in"ltration. Pipes made of bamboo
sticks may also be introduced into the soil to drain slopes prone to landslides.

Similar community-based activities are also conducted in urban areas. The MoSSaiC (Man-
agement of Slope Stability in Communities) project has been implemented by governments and
local o#cials in collaboration with the communities of four Caribbean countries to identify the
potential causes of landslide on a house-to-house basis (www.mossaic.org). Community meet-
ings and focus group discussions provided data and detailed maps on past landslides, drainage
systems and instability factors. These data are used to identify landslide-triggering mechanisms
and to develop simple, low-cost landslide risk reduction measures, such as the construction of
drainage networks for optimum capture of surface water (roof water, grey water and overland
$ow of rainwater). These infrastructures were established, monitored and revised in collabora-
tion with community residents, contractors and labourers from within the community, and
local engineers.

Bioengineering solutions

Bioengineering techniques, such as tree planting, provide alternative and supplementary pro-
tection measures. Tree roots can penetrate deeply into the subsoil and parent rocks and thus
stabilise steep slopes. Tree planting is relatively cheaper and may be conducted by local com-
munities. It may be integrated into agro-forestry projects which provide protection from land-
slides as well as livelihoods to local people. For example, pines (Pinus mercusii) and tecks (Tectona
grandis) are widely used species among mountain communities in South-East Asia to control
erosion and landslides, and to support livelihoods in the long term (Razal et al. 2005). Between
trees, local cultivators can also plant crops that can be harvested in three to six months (e.g. maize,
bananas) for economic gains in the short term.
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Warning systems

Warning systems for landslides range from very simple and cheap methods available to rural
communities, to very sophisticated and expensive computer-aided systems. It is usually recom-
mended that the most simple, applicable, easy-to-use and community-friendly system available
be developed. In Java, Indonesia, several community-friendly warning systems have been
developed for rural areas. There, people install their own slope-monitoring system by using
traditional extensometers constructed with cheap materials including pins made of bamboo
introduced into the slope and connected to a bell, which rings when the slope moves over a
certain distance.

Simple but useful gauges made of cheap and easily obtainable materials, such as bottles, glasses
and PVC pipes, help in monitoring rainfall in areas where the rainfall-triggering threshold is
known. When rain occurs, inhabitants can regularly monitor the water level in the gauges, and
if it reaches a certain volume, people can take the necessary steps in anticipation of potential
landslides.

Conclusions

Many e!orts to reduce landslide disaster risk have been conducted in many parts of the world.
However, the occurrence of landslides is likely to increase with increasing urbanisation and
development in landslide-prone areas. Acute competition for land, deforestation, changing cli-
mate patterns and the poor co-ordination between stakeholders responsible for DRR are obvious
aggravating factors. Furthermore, most projects intended to reduce landslide disaster risk tend to
be top down rather than bottom up in nature, leading to their repudiation by local communities.

In such contexts, governments, practitioners, scientists and local people should collaborate to
integrate top-down and bottom-up risk reduction measures. Governments serve as the main
actors in policy-making and in constructing infrastructures. Practitioners and scientists should
develop and enhance cheap and community-friendly strategies to monitor landslide hazards.
Finally, local communities should be regarded as actors rather than receptors, as they can parti-
cipate actively in all activities related to landslide DRR. For this sort of involvement to be
meaningful and e!ective, though, there must also be measures introduced to empower local
inhabitants and to reduce, if not erase, economic gaps among them, as well as e!orts at least to
mitigate negative pressures from national and international forces and institutions that induce
conditions of, or otherwise heighten vulnerability to, landslides.
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