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Outline of the presentation

ü Some definitions  (need  of a common 
terminology )

ü Landslide  classifications : 
Å Varnes  
Å Hutchinson 
Å Sassa

ü Landslide  activity

ü Flow - type  slope  movements

ü Wildfire  and landslides



Definition:
Movement  controlled  by gravity , surficial  or deep , 

rapid  or slow, of materials  forming  a slope  or a 

whole  ridge /mountain (Varnes , 1978).

Landslide Classification

Definition:
Movement  of a mass of 

rock, soil  or debris  along  a 
slope  (Cruden , 1991).

Both  definitions  do not  take 
into  account other  geological  
hazards , such  as subsidence , 

sinkholes , avalanches  of 
snow  or ice.



Susceptibility

Susceptibility  ( S) :  probability  of  occurrence  of  a potentially  
damaging  event  in  a given  area .

Hazard  (H) :  probability  of  occurrence  of  a potentially  
damaging  event  in  a given  area  and  in  a given  time  frame .

Susceptibility  and Hazard
 in practice  should  respond  to two  simple  questions

WHERE 
may  the event 

occur ?

WHEN 
may  the 

event 
occur ?



Vulnerability  (V) :  degree  of  losses  of  a given  element  or  of  a 
given  group  of  elements  at  risk , resulting  from  the  occurrence  of  
a natural  event . It  is expressed  by  a value  between  0 (no  
damage )  and  1 ( total  loss ) .

Risk  ( R) :  expected  number  of  casualties , injured , damage  to  
properties , destruction  of  economic  activities , due  to  
occurrence  of  a given  event . It  is expressed  by  V x H.

Definitions

Not only  geologists  and engineers , but  
need  to work with economists , 
sociologists , land  planners, etc.



Colorado, USA (photo: S. Cannon)

Messina (photo G.  Iovine)

Amalfi Coast

Natural hazards



PREVENTION

Often , work  in  the  shade , 
not  very  visible   

inadequate  political  
weight,  poor  public  
agreement . 

Strong  visibility , high  
emotional  impact,  huge  
support/ solidarity . 

EMERGENCE

For any  type  of  ñnatural  disaster ò, the  social  and  the  
economical  costs  of  prevention  actions  are  much  less that  
those  necessary  to  manage  the  phases  of  emergence  and  
re -construction .

Prevention  does  not  involve  only  politicians  and  decision  makers  
(will  in  using  funds  and  resources )  and  the  research  bodies,  but  
the  whole   population . It  is  a cultural  problem .



Butéé are they  really  ñnatural ò? 

Or, in some way, human actions ñprepare ò, ñhelpò, 

ñdetermineò their  occurrence ?

And, above  all , amplifies  their  effects ?

ñNaturalò hazards



Silvi 

Niscemi

Petacciato



Resilience Initially proposed in the 

1970s in the field of 
ecology, referred to 

ecosystems.

Widely used recently to 
indicate the capability of 

a system to adsorb  

perturbations. 

As concerns natural disasters, 
resilience is the capability to resist 
and to recover losses due to 
disasters . 

Three components: 

V response to the perturbation 
event; 

V capability of self -organization; 
and 

V capability to learn and adapt.



Definition:
Movement  controlled  by gravity , surficial  or deep , 

rapid  or slow, of materials  forming  a slope  or a 

whole  ridge /mountain (Varnes , 1978).

Landslide Classification

Definition:
Movement  of a mass of 

rock, soil  or debris  along  a 
slope  (Cruden , 1991).

Both  definitions  do not  take 
into  account other  geological  
hazards , such  as subsidence , 

sinkholes , avalanches  of 
snow  or ice.



Main  character - guides  in landslide  classification

1. Causes  of  movement
2. Duration  and  recurrence  of  movements
3. Type  and  mechanical  properties  of  involved  

materials
4. Characters  and  possible  pre -existence  of  a 

failure / sliding  surface
5. Type  of  movement

6. Variety  of  characters - guide

Landslide Classification



David J. Varnes
(1919-2002)



Type  of material Type  of movement

Rock  mass :  in  situ  rock,  

including  the  discontinuities .
Rock :  natural  material  that ,  in  
samples  ouside  of  its  place , 

shows  high  cohesion , even  
after  prolonged  contact  with  
water .

Soil :  natural  material  
consisting  of  aggregates  of  
grains  that  can  be  separated  

through  sollecitations  or  
through  more  or  less  prolonged  
contact  with  water .  Based  upon  

grain  size , it  is  possible  to  
distinguish  debris  and  earth .

Fall

Topple

Slide

Lateral  Spreading

Flow

Classification of Varnes (1978)

Later on, Cruden & Varnes (1996)



Detachment  of  variable  volumes  of   rock  
(from  small  blocks  to  huge  boulders ),  
which  movement  occurs  in  free  air  
by  gravity . The  impact  with  the  slope  
below  will  determine  fragmentation  of  
the  landslide  material , or  induce  further  
movement , in  the  case  of  steep  slopes .

Fall



Fall

Campania, S Italy

Cappadocia, Turkey



Fall



Topple  failures  affect  rock  masses  
characterized  by  presence  of  clear  
vertical  or  sub -vertical  fractures . 
The  movement  occurs  by  forward  
advancement  of  the  rock  pillars  or  
towers , around  a rotation  point  
situated  below  the  baricentre  of  
the  affected  mass .

Topple





Flexural  topple . Sub -vertical  discontinuity  system  

dipping  toward  the  inner  slope , delimiting   semi -
continuous  columns  or  prisms  of  rock .

Block  topple .

Columnar  volumes  of  
rock  are   subdivided  

by  transversal  

discontinuities  with  
wide  spacing .

Flexural  topple  with  blocks . Failure  mechanism  

characterized  by  about  continuous  folding  along  
the  rock  prisms , subdivided  by  several  transversal  

discontinuities .

Topple



Movement  occurs  by shear  failure  along  one  or more 

rupture  surfaces . 

The failure  surfaces  are visible  or may  reasonably  be 

reconstructed .

Slides  are distinguished  in rotational  slides  and 

translational  slides , depending  upon  the shape  of the 

failure  surface .

Slide



Rotational  slides

Slump



Rotational  slide (slump)



Translational  slides

British  Columbia, Canada

Slide



Movements , diffuse  within  a 
fractured  rock  mass,  occurring  in 
the  two  following  modalities :

A ï it  is not  possible  to  recognize  a 
basal  surface  of  failure , or  a 

zone  with  well -defined  plastic  
deformations ;

B ï lateral  spreading  of  the  rock  or  
of  the  soil  is due  to  liquefaction  
and/or  to  plastic  deformations  in  
the  material  below .

Lateral 
spreading



Gonzalez  de Vallejo, 2005 Lateral  spreading  by: a) flow and extrusion  of the 

underlying  material ; b) liquefaction .

Lateral  spreading  may  affect  slopes  with low  to very  low  
gradient , even  flat  slopes . This  character  differentiates  lateral  

spreading  by all  other  types  of slope  movements .







Movements  within  the  displaced  
mass  such  that  the  form  of  the  
moving  material  or  the  apparent  
distribution  of  velocity  and  
displacements  are  similar  to  those  
of  viscous  fluids .

The failure  surface  are  typically  
not  visible  within  the  moving  
mass,  or   they  have  short  life .

The boundary  between  the  
moving  mass  and  the  in place  
material  may  be a clear  surface  of  
differential  movement , or  a zone  of  
distributed  displacements .

Flow



The flow at  locality  Covatta, catchment  of the River 
Biferno (Molise)

Flow



Geologia Applicata alla Difesa del Suolo ð Metodi di studio di frane lente o intermittenti

Before After



Slumgullion  earthflow , San Juan Mountains, Colorado


