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1. INTRODUCTION 

Landslide is among one of the most dangerous natural hazards 
on Earth; and it has been associated closely with other major 
hazards, such as tsunami, heavy rain, hurricane, and 
earthquake. Landslides have known to exit since the onset of 
historical record of mankind. Even today, paleo-landslide 
studies are ongoing in identifying pre-historical landslides. 
There are many different forms of landslides, and to date there 
is no universal and precise classification of landslides (although 
the more popular one appears to be the one by Varnes, 1978). 
Whenever there is sliding or down slope movement of earth 
materials (such as soil, rock, muddy water, or snow), we may 
call it landslides (see Fig. 1). In fact, landslide is a natural 
consequence of the denudation or weathering of mountains or 
earth materials. In technical terms, landslides may include 
rockfalls, rockslides, debris flows, pyroclastic flows (derived 
from the Greek words pyro for fire and klastos for broken), 
sturzstroms (German word for large rockfall), soil slips, lahar 
(Indonesian word for volcanic debris flow), rock avalanches, 
debris avalanches, snow avalanches, and mud-flows.  But, 
normally snow avalanches are not considered as part of 
landslides. In terms of academic discipline, landslide 
phenomenon is of concern to civil, geotechnical and mining 
engineers, geologists, seismologists, hydrologists, scientists, 
physicists, geophysicists, city planners, surveyors, applied 
mathematicians, mechanicists, hazard administrators, social 
scientists, and economists. A solid mass may evolve into fluid 
form during the sliding process. For example, theoretical study 
on debris flow requires a researcher having training in both 
fluid and solid mechanics. Thus, landslide is multi-faceted and 
multi-disciplinary subject.  
 In the last few years, landslides have been of great 
interests to researchers in the world.  According to the Science 
Citation Index (SCI) database maintained by ISI, the numbers 
of SCI papers related to the keyword of “landslides” are 79, 
106, 125, 129, 152, 200, and 211 for 1998, 1999, 2000, 2001, 
2002, 2003, and 2004 respectively. The increasing trend 
remains even though landslide is an “old” discipline that had 
been studied for hundreds of years. Because of the wide 
spectrum and aspect of landslides, a state-of-the-art report is 
bounded to be bias and shaped by our own experiences and 
background. Earlier review was made by Chau (1997).  
Nevertheless, in this short review we will attempt to highlight 
some recent advances and current issues related to “landslides 
and slope stability” from an engineer and scientist point of 
view, and to supplement from geomechanics point of view.   

Figure 1. The case of rock avalanche destroying down slope houses 

2. UNSOLVED MYSTERY OF SOME SIGNIFICANT 
HISTORICAL LANDSLIDES 

Before we talked about the recent progress and current issues, it 
is always instructive to look back in history and to remind us of 
the unsettled issues of landslides. Here are some selected 
examples of significant landslides: 

2.1 Mount St. Helens Landslide 

According to the Guinness World Records 
(http://www.guinnessworldrecords.com/), the “largest modern-
day landslide” occurred at Mount St. Helens (USA) on May 18, 
1980 (see Fig. 2).  During the event, about 2,800 million m3 of 
rock slipped off the mountain immediately prior to the 
volcano's eruption. The subsequent debris flow after the 
volcanic eruption was estimated to involve 83 million m3 of 
debris, volcanic ash, and mud.   

Figure 2. Collapse of Mount St. Helens in 1980 
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2.2 Frank Slide 

Another notable example is the so-called Frank Slide of Canada 
occurred at 4:10 am on April 29, 1903 (see Fig. 3) (Benko and 
Stead, 1998).  Rock mass of 35 million m3 fell from the summit 
of Turtle Mountain onto the coal mining town of Frank and 
spread across 3 square kilometers of the valley in an amazing 
speed of less than 100 seconds. The average velocity was 
estimated as 170 km/hr. At least 70 people were killed-most 
still in their beds.   

Figure 3. The site of Frank slide, Canada 

2.3  Mt. Huascarán Slide 

The highest death toll from a single landslide was caused by the 
rock slide from Mt. Huascarán, Peru, killing over 18,000 
people in the town of Yungay on May 31, 1970. The rock 
debris was estimated to travel at an average velocity of 280 
km/hr (see Fig. 4). The rockslide was triggered by a 7.9 
magnitude earthquake. 

Figure 4. Aerial view of the huge Mt. Huascarán Slide

2.4 Elm Slide Switzerland, 1881 

On September 11, 1881 the 10 million m3 mass of rock above 
the quarry near Elm suddenly fell (see Fig. 5). The rock mass 
broke into pieces after hitting the base of the mountain and 
rebounded up the slope of the opposite side of the valley to the 
village of Untertal. The avalanche then turned and ran an 
additional 2,230 m as a dry avalanche traveling at 180 km/hr 
burying the village of Elm, and resulting in a death toll of 115 
people.

Figure 5. Artistic drawing of the Elm slide  

2.5  Unsolved issue 

The main significance of these major landslides or rockslides is 
that the travel velocity is extremely high, and the travel 
distance is extremely far, in a way that mechanics and 
dynamics of frictional sliding is not capable of explaining what 
was happening within the sliding masses and, more 
importantly, between the sliding masses and the slope surfaces. 
It has been speculated that the high frictional stress vaporize 
some sliding masses in such a way that the whole sliding 
masses are actually airborne (Vardoulakis, 2000). Yet, no well 
accepted model is available (Hungr and Evans, 2004). Since 
such large scale rockslides (or more accurately sudden 
collapses of mountains) are natural phenomena and are going to 
reoccur again sometime and somewhere on the Earth, it is a 
problem not to be ignored. The fundamental mechanism of 
such high speed landslides remain one of the unsolved 
mysteries of nature. 

3. CURRENT RESEARCH WORKS 

Since landslide is a truly multi-disciplinary subject, there are 
many different facets in investigating the problem:  

3.1.  Triggering mechanism 

Although it has been well-known that landslides can be 
triggered by rainfall, earthquake, erosion, volcanic eruption, 
rapid snow melt, and human activities (such as, construction 
and blasting). But, many questions remain. Exactly how much 
rainfall is needed to trigger landslide at a particular location?  Is 
this a function of the filtration properties of the earth material 
(such as the coefficient of permeability in Darcy’s law) (e.g. 
Orense et al., 2004)? Is data analysis of previous events reliable 
enough for issuing future warning? For earthquake-induced 
landslides (Keefer, 2002), what is the threshold local 
earthquake intensity is needed to trigger landslides? Or more 
accurately, what local ground motions (in terms of acceleration, 
velocity and displacement time histories and as well as 
dominate frequency content of these motions) will trigger 
landslide at a particular location?  In view of the complexity of 
the ground, would such problem be ever solvable since we can 
never get “accurate” enough initial and boundary conditions of 
any particular ground profile? Is neutral network approach 
acceptable to such problem? These are some fundamental 
issues remain to be settled. 
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3.2  Landslide Classifications 

One popular approach to study landslide is to correlate 
landslide inventory to the mechanical and geological 
characteristics of the failed slopes and to seek for any statistical 
dependence. But, before such analysis can be done, a unified 
classification for landslides must be established and adopted 
because landslide induced by different causes and slide 
according to different mechanism may not be grouped together 
for statistical analysis. In general, the classification should base 
on either the type of mass movement or the type of materials 
involved (Hansen, 1984; Nemcok et al., 1972). Nevertheless, a 
scientific classification system is still needed (i.e. different 
people should come up with the same class of landslides by 
following a well-defined procedure). 

3.3  Data analysis of inventory  

One of the most popular approaches to estimate the landslide 
hazard is to base on past landslide events at a particular region, 
and to study their relation with local geological condition (such 
as climate, morphology and lithology) (Malamud et al., 2004). 
One of the most adopted statistical methods is the “logistic 
regression” approach (e.g. Chau et al. 2003; 2004a-b; Dikau et 
al., 1996; Lee, 2004). Although the scientific basis such an 
approach can be questionable, it is a pragmatic approach to at 
least get some ideas of what may happen. One main objection 
to such approach is that many intrinsic parameters affecting the 
occurrence of a landslide cannot be reflected by surface 
geology and morphology alone. Special care needs to be taken 
when the result of landslide inventory analysis from one region 
is extrapolated to other regions with similar geological settings.  
We must emphasize that such approach should only provide 
preliminary hazard level, which should be subjected regularly 
to modifications by comparing to field observations and 
theoretical models.  

3.4  Susceptibility map and hazard map 

One of the products of hazard analysis is a susceptibility map 
or a hazard map. There various ways to come up with the 
prediction of susceptibility, but most of them are closely 
associated with the data analysis mentioned in Section 3.3. GIS 
becomes an important tool in such analysis. For example, Chau 
and Lo (2004) combined numerical simulation of runout with 
GIS for generating hazard map for debris flows. Genetic 
programming can also be used for generating hazard map 
(Litschet, 2004).  Regarding the risk, we have to first define an 
“acceptable” level of risk for the general public, but is not 
always easy to arrive at the same acceptable level (Finlay and 
Fell, 1997). What is acceptable in one society may be totally 
unacceptable to others.      

3.5  Numerical analysis 

Since the engineering approach of calculating the so-called 
“Factor of Safety” does not lead to any insights into the 
mechanism of landslide process, numerical approach has been 
used to predict any slope instability and to simulate the process 
of progressive failure of a slope. Because failure of materials 
(both brittle fracturing in rocks and plastic yielding in soils) 
inevitably involve in landslide analysis, more advanced finite 
element or numerical approach is usually needed (Laouafa and 
Darve, 2002; Zhang et al., 2003; Darve and Laouafa, 2000; 
Quecedo et al., 2004; Merodo et al., 2004). In the case of debris 
flows, smoothed particle hydrodynamics has been used to 

numerically stimulate the runout distance of debris flows 
(McDougall and Hungr, 2004), and cellular automata is also 
another new approach for such prediction (D’Ambrosio et al., 
2003). Although much recent advance has been made, it 
remains a difficult task to numerically predict the process of 
progressive landslides (even for the case of back analysis). 

Figure 6. Debris flow hazard map for Leung King Estate in Hong Kong 
(Chau and Lo, 2004)  

3.6 Nonlinear theoretical analysis 

In reality, we always observe the variations in the response of 
slopes as a function of time. For example, many slopes did not 
fail during the heaviest rainfall that slope were experiencing.  
But, instead failure of slopes may occur at a much lighter rain 
condition. This indicates that some nonlinear process is 
ongoing within the slope and the mechanical states of the slope 
are evolving as a function of time and as a result of external 
excitation. Because of this, Chau (1995,1999) proposed to use 
nonlinear, state- and velocity-dependent frictional law to model 
the sliding process. Using such nonlinear approach, some 
peculiar landslide events can now be explained. Recently, such 
approach has been further explored (Helmstetter et al., 2004; 
Huang and Wang, 2003) and appears to have a great prospect 
and potential in future modeling of landslides. In particular, 
Helmstetter et al. (2004) attempted to interpret the Viaont and 
La Clapiere landslides using the slider block friction model of 
Chau (1995). A slightly different nonlinear approach of sliding 
block is recently proposed by Chau and Wong (2003).  

3.7  Laboratory studies  

Another way to examine the process of landslides is to conduct 
experiments in the laboratory environment such that uncertain 
variables involved in the process can be reduced to a minimum 
(although uncertainty may never be completely eliminated).  
There is also the issue of scaling between the prototype (or the 
actual slope) and the laboratory model, even when centrifuge is 
used.  Nevertheless, laboratory results can at least provide some 
guides for engineering practice. For example, the coefficient of 
restitution for rock boulders impacting on slopes were obtained 
by Chau et al. (2002) in laboratory; and the debris flow runout 
was investigated as a function of slope angle as well as water 
content (Chan and Chau, 1999). We expect that laboratory 
studies remain one of the useful tools to investigate landslide 
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Another notable example is the so-called Frank Slide of Canada 
occurred at 4:10 am on April 29, 1903 (see Fig. 3) (Benko and 
Stead, 1998).  Rock mass of 35 million m3 fell from the summit 
of Turtle Mountain onto the coal mining town of Frank and 
spread across 3 square kilometers of the valley in an amazing 
speed of less than 100 seconds. The average velocity was 
estimated as 170 km/hr. At least 70 people were killed-most 
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Figure 3. The site of Frank slide, Canada 
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km/hr (see Fig. 4). The rockslide was triggered by a 7.9 
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the quarry near Elm suddenly fell (see Fig. 5). The rock mass 
broke into pieces after hitting the base of the mountain and 
rebounded up the slope of the opposite side of the valley to the 
village of Untertal. The avalanche then turned and ran an 
additional 2,230 m as a dry avalanche traveling at 180 km/hr 
burying the village of Elm, and resulting in a death toll of 115 
people.

Figure 5. Artistic drawing of the Elm slide  

2.5  Unsolved issue 

The main significance of these major landslides or rockslides is 
that the travel velocity is extremely high, and the travel 
distance is extremely far, in a way that mechanics and 
dynamics of frictional sliding is not capable of explaining what 
was happening within the sliding masses and, more 
importantly, between the sliding masses and the slope surfaces. 
It has been speculated that the high frictional stress vaporize 
some sliding masses in such a way that the whole sliding 
masses are actually airborne (Vardoulakis, 2000). Yet, no well 
accepted model is available (Hungr and Evans, 2004). Since 
such large scale rockslides (or more accurately sudden 
collapses of mountains) are natural phenomena and are going to 
reoccur again sometime and somewhere on the Earth, it is a 
problem not to be ignored. The fundamental mechanism of 
such high speed landslides remain one of the unsolved 
mysteries of nature. 

3. CURRENT RESEARCH WORKS 

Since landslide is a truly multi-disciplinary subject, there are 
many different facets in investigating the problem:  

3.1.  Triggering mechanism 

Although it has been well-known that landslides can be 
triggered by rainfall, earthquake, erosion, volcanic eruption, 
rapid snow melt, and human activities (such as, construction 
and blasting). But, many questions remain. Exactly how much 
rainfall is needed to trigger landslide at a particular location?  Is 
this a function of the filtration properties of the earth material 
(such as the coefficient of permeability in Darcy’s law) (e.g. 
Orense et al., 2004)? Is data analysis of previous events reliable 
enough for issuing future warning? For earthquake-induced 
landslides (Keefer, 2002), what is the threshold local 
earthquake intensity is needed to trigger landslides? Or more 
accurately, what local ground motions (in terms of acceleration, 
velocity and displacement time histories and as well as 
dominate frequency content of these motions) will trigger 
landslide at a particular location?  In view of the complexity of 
the ground, would such problem be ever solvable since we can 
never get “accurate” enough initial and boundary conditions of 
any particular ground profile? Is neutral network approach 
acceptable to such problem? These are some fundamental 
issues remain to be settled. 
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mechanism. For example, the theoretical problem of fingering 
of granular flows was investigated experimentally by Chau and 
Cho (2001). 

3.8  Field measurement 

The best way to understand what going on in a slope is to 
actually measure and monitor the changing variables in actual 
sliding mass, although we may only measure the global motion 
and the surface variables. But at least such approach can 
provide actual data that we can test our numerical and 
theoretical landslide model. The process is highly nonlinear 
since it is an inverse problem as we normally do not know all 
the initial and boundary conditions of the slope, except on the 
surface and we also cannot monitoring the changing states 
within the moving mass. For the case of rockfall, Chau et al. 
(2001) found that field rockfall tests for coefficient of 
restitution provides a very useful means for checking against 
the laboratory data. Advances in remote sensing, InSAR, 
satellite image, and GPS are actually improving our capability 
to monitor landslide more accurately and reliably (Angeli et al., 
2000; Canuti et al., 2004; Pesei et al., 2004; Jaboyedoff et al., 
2004; Yang et al., 2004). This also in turn leads to more 
reliable warning and hazard management of landslides.
Searching for more advanced technology for slope monitoring 
remains an active area of research, and is of paramount 
importance to the development of both theoretical and 
numerical model of landslides. Without such useful field data, 
our dream of landslide prediction will never come true.  

3.9 Mitigation and management  

If the hazard level of a particular slope is certain, mitigation 
and management of the hazard need to be done swiftly and 
reliably. There are also research efforts in providing the most 
workable engineering solutions to stabilize a slope. These 
works may include pile stabilization, use of geotextile, soil 
nailing, and grouting. As an associated issue, slope 
management both in terms of health monitoring and both in 
terms of GIS database management are of great importance in 
actual hazard management. In the wake of the recent and global 
trend of keeping a sustainable environment of the Earth, green 
slope construction suddenly becomes an important issue. 
Probably, this will lead to revitalization of our interest in the 
mechanics of the interaction of roots of plants and the slope. 
For example, it is well-known that in areas burned by forest 
and brush fires, a lower threshold of precipitation may initiate 
landslides. A related problem is the investigation of effect of 
the movement of slope with existing structure (e.g. Di Prisco et 
al., 2004).   

3.10  Landslides and tsunami  

Since December 26, 2005, a review for landslide will not be 
completed if the issue of tsunami is not mentioned. Although 
the south Asian tsunami of December 26, 2005, which led to 
over 280,000 deaths and millions homeless, was not induced by 
landslides, actually landslide is one of the primary causes of 
tsunami, especially for the so-called “mega-tsunami” 
(McMurty et al., 2004). Some examples of landslide induced 
tsunami are reported here. On July 9, 1958, a rockfall triggered 
by an earthquake at Lituya Bay in Alaska produced a tsunami 
of 30 to 50m high and the slope opposite to the rockfall was 
swept up to 524m above sea level (Bryant, 2001). Geological 
conditions in the Bay suggest that such rockslide-induced-
tsunami had occurred before, but this time there are survivors 

who witnessed the tsunami to tell the event. This kind of 
tsunami had also happened at least 7 times in Norway.  The 
largest one occurred on April 7, 1934 when a massive rockfall 
of 1 million cubic meters dropped 730m into the fjord and 
induced an initial tsunami height of 30-60m and led to 210 
deaths. Another massive landslide occurred at Vaiont Reservoir 
in Italy in October 1963 led to a tsunami of 100m height and 
killing 3000 people downstream of the dam when the water 
overtopped the dam. Many great tsunami are also thought to 
associated with submarine landslides triggered by an 
earthquake. Notable examples are the 1923 Tokyo earthquake 
and the 1998 Papa New Guinea tsunami (Bryant, 2001).  

3.11 Earthquake-induced landslides and submarine landslides 

Although the issue of earthquake-induced landslides has been 
briefly touched upon, the earthquake-induced landslides 
probably deserve a special attention here. The main cause of 
casualties of some of the most devastating earthquakes is 
actually landslide. On December 16, 1920, a magnitude 8.6 
earthquake hit Gansu, China triggering massive landslides and 
leading to 200,000 deaths. The highest death toll landslide at 
Mt. Huascarán was also triggered by earthquake (see Section 
2.3).  The most recent Iran earthquake on June 20, 1990 also 
caused massive landslides and led to 60,000 deaths. Therefore, 
it seems that relation between earthquakes and landslides 
needed to be studied more thoroughly. Recent work on the 
Papa New Guinea tsunami reveals that actually submarine 
landslides caused by earthquake is more dangerous to the uplift 
of the seabed alone. In view of the current interests in the study 
of tsunami, submarine landslides may be a fruitful area to work 
on in the coming future.  

4. CONCLUSIONS 

In this short review, we only touch upon some current issues on 
landslide research and pointed out some prospecting 
approaches. With this short coverage, this review is, of course, 
by no means comprehensive, and biased toward our own 
experiences and background. Nevertheless, we hope that a 
review likes this would inspire more research efforts in this 
important field in geomechanics, which is of great implications 
to our daily lives. 
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mechanism. For example, the theoretical problem of fingering 
of granular flows was investigated experimentally by Chau and 
Cho (2001). 

3.8  Field measurement 

The best way to understand what going on in a slope is to 
actually measure and monitor the changing variables in actual 
sliding mass, although we may only measure the global motion 
and the surface variables. But at least such approach can 
provide actual data that we can test our numerical and 
theoretical landslide model. The process is highly nonlinear 
since it is an inverse problem as we normally do not know all 
the initial and boundary conditions of the slope, except on the 
surface and we also cannot monitoring the changing states 
within the moving mass. For the case of rockfall, Chau et al. 
(2001) found that field rockfall tests for coefficient of 
restitution provides a very useful means for checking against 
the laboratory data. Advances in remote sensing, InSAR, 
satellite image, and GPS are actually improving our capability 
to monitor landslide more accurately and reliably (Angeli et al., 
2000; Canuti et al., 2004; Pesei et al., 2004; Jaboyedoff et al., 
2004; Yang et al., 2004). This also in turn leads to more 
reliable warning and hazard management of landslides.
Searching for more advanced technology for slope monitoring 
remains an active area of research, and is of paramount 
importance to the development of both theoretical and 
numerical model of landslides. Without such useful field data, 
our dream of landslide prediction will never come true.  

3.9 Mitigation and management  

If the hazard level of a particular slope is certain, mitigation 
and management of the hazard need to be done swiftly and 
reliably. There are also research efforts in providing the most 
workable engineering solutions to stabilize a slope. These 
works may include pile stabilization, use of geotextile, soil 
nailing, and grouting. As an associated issue, slope 
management both in terms of health monitoring and both in 
terms of GIS database management are of great importance in 
actual hazard management. In the wake of the recent and global 
trend of keeping a sustainable environment of the Earth, green 
slope construction suddenly becomes an important issue. 
Probably, this will lead to revitalization of our interest in the 
mechanics of the interaction of roots of plants and the slope. 
For example, it is well-known that in areas burned by forest 
and brush fires, a lower threshold of precipitation may initiate 
landslides. A related problem is the investigation of effect of 
the movement of slope with existing structure (e.g. Di Prisco et 
al., 2004).   

3.10  Landslides and tsunami  

Since December 26, 2005, a review for landslide will not be 
completed if the issue of tsunami is not mentioned. Although 
the south Asian tsunami of December 26, 2005, which led to 
over 280,000 deaths and millions homeless, was not induced by 
landslides, actually landslide is one of the primary causes of 
tsunami, especially for the so-called “mega-tsunami” 
(McMurty et al., 2004). Some examples of landslide induced 
tsunami are reported here. On July 9, 1958, a rockfall triggered 
by an earthquake at Lituya Bay in Alaska produced a tsunami 
of 30 to 50m high and the slope opposite to the rockfall was 
swept up to 524m above sea level (Bryant, 2001). Geological 
conditions in the Bay suggest that such rockslide-induced-
tsunami had occurred before, but this time there are survivors 

who witnessed the tsunami to tell the event. This kind of 
tsunami had also happened at least 7 times in Norway.  The 
largest one occurred on April 7, 1934 when a massive rockfall 
of 1 million cubic meters dropped 730m into the fjord and 
induced an initial tsunami height of 30-60m and led to 210 
deaths. Another massive landslide occurred at Vaiont Reservoir 
in Italy in October 1963 led to a tsunami of 100m height and 
killing 3000 people downstream of the dam when the water 
overtopped the dam. Many great tsunami are also thought to 
associated with submarine landslides triggered by an 
earthquake. Notable examples are the 1923 Tokyo earthquake 
and the 1998 Papa New Guinea tsunami (Bryant, 2001).  

3.11 Earthquake-induced landslides and submarine landslides 

Although the issue of earthquake-induced landslides has been 
briefly touched upon, the earthquake-induced landslides 
probably deserve a special attention here. The main cause of 
casualties of some of the most devastating earthquakes is 
actually landslide. On December 16, 1920, a magnitude 8.6 
earthquake hit Gansu, China triggering massive landslides and 
leading to 200,000 deaths. The highest death toll landslide at 
Mt. Huascarán was also triggered by earthquake (see Section 
2.3).  The most recent Iran earthquake on June 20, 1990 also 
caused massive landslides and led to 60,000 deaths. Therefore, 
it seems that relation between earthquakes and landslides 
needed to be studied more thoroughly. Recent work on the 
Papa New Guinea tsunami reveals that actually submarine 
landslides caused by earthquake is more dangerous to the uplift 
of the seabed alone. In view of the current interests in the study 
of tsunami, submarine landslides may be a fruitful area to work 
on in the coming future.  

4. CONCLUSIONS 

In this short review, we only touch upon some current issues on 
landslide research and pointed out some prospecting 
approaches. With this short coverage, this review is, of course, 
by no means comprehensive, and biased toward our own 
experiences and background. Nevertheless, we hope that a 
review likes this would inspire more research efforts in this 
important field in geomechanics, which is of great implications 
to our daily lives. 

ACKNOWLEDGEMENTS 

The work was fully supported by the Hong Kong Polytechnic 
University through ASD Project A226 and Infra-Faculty Project 
PE79 of the Faculty of Construction and Land Use.  

REFERENCES

Angeli, M.G., Pasuto, A., Silvano, S. 2000. A critical review of 
landslide monitoring experiences. Engineering Geology, 55(3), 
133-147.  

Benko, B., Stead, D. 1998. The Frank slide: a reexamination of the 
failure mechanism. Canadian Geotechnical Journl, 35 (2), 299-
311. 

Bryant, E. 2001. Tsunami: The Underrated Hazard. Cambridge 
University Press.  

Canuti, P., Casagli, N., Ermini, L., Fanti, R., Farina, P. 2004. Landslide 
activity as a geoindicator in Italy: significance and new 
perspectives from remote sensing. Environmental Geology, 45(7), 
907-919. 

3649


