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Overview 
Landslides are a natural part of the ongoing evolution 

of mountain belts. Increasingly though, they pose a 

destructive hazard to people and infrastructure 

resulting in hundreds of deaths and billions of dollars 

of damage every year (Petley, 2012). In the last 

century in Europe 16,000 people have lost their lives 

because of landslides (Safeland, 2012). In the period 

1998-2009, 70 major landslides claimed a total of 312 

lives and damaged or destroyed an extensive amount 

of infrastructure, including roads and houses. Among 

the largest events in terms of fatalities and destruction 

caused were the debris flows in Sarno in 1998 (Italy), 

claiming 160 lives, and the mudslides in Messina in 

2009 (Italy), killing 31 people (EEA, 2009). These 

major events represent only a glimpse of the real 

impact of landslides, as the enquiry carried out by 

Eurogeosurvey yielded a total of 712,089 recognised 

mass movements recorded in Europe since World 

War II (Eurogeosurveys, 2010). 

     Understanding landslide location, timing, and size is 

extremely important, whether we are trying to better 

understand how mountain belts behave or to mitigate 

the risk of future landslide events.  

     Shallow landslides (which fail within 

unconsolidated soil rather than bedrock) are 

attractive to study because they are the most 

common type of landslide (Guzzetti et al., 2009), and 

thus an important and widespread concern. Shallow 

landslides are also perhaps the simplest landslide type, 

since failure consistently occurs at the base of the soil 

layer and since soil strength is less dependent upon 

structural controls than bedrock. Both these factors 

make shallow landslides an attractive target of 

prediction. 

     Geotechnical models can help to predict where 

shallow landslides will happen, when and how large 

they will be. Over the last 30 years increasing 

availability of accurate elevation data at fine resolution 

(<20 m per pixel) has led to an explosion in 

landscape-scale applications of stability models. 

 
Figure 1. Shallow landslides Rio de Janeiro State, Brazil 

2012 (credit: Nelson Fernandes). 

     However, while considerable progress has been 

made in geotechnical modelling over this period, these 

models are still too computer intensive to be applied 

across an entire landscape. So the state of the art for 

the last 30 years has been the one-dimensional infinite 

slope model. This model is rather unrealistic since we 

know for instance that roots often perform an 

important role in stabilising slopes by acting as a 

fibrous blanket that must be torn before an unstable 

block can begin to slide (Milledge et al., 2014; Cohen 

and Schwartz, 2017). Existing approaches are also 

focused largely on predicting the locations at which 

landslides might initiate, and there has been much less 

attention on what sets the size of an incipient 

landslide. As a result, we still know very little about 

how failure initiates and propagates to set both the 

location and size of shallow landslides. 

https://www.dur.ac.uk/geography/staff/geogstaffhidden/?id=2256
http://www.ncl.ac.uk/engineering/staff/profile/stefanoutili.html
https://www.dur.ac.uk/geography/staff/geogstaffhidden/?id=4725


  

 
Figure 2. Schematic showing analytical slope stability 

model components (Bellugi et al., 2015) 

    Recent work has sought to address these 

shortcomings by parameterising edge effects using 

earth pressure theory developed for retaining wall 

problems (Milledge et al., 2014). These studies have 

shown both that such an approach is possible and that 

the treatment of the upslope and downslope 

boundaries may significantly affect the predictions. 

However, the approach has two current problems: 1) 

the representation of boundary resistance is 

important but difficult to constrain; 2) searching the 

landscape for an unstable block or set of blocks is 

difficult and requires restrictive simplifying 

assumptions. 

 
Figure 3. Landslide analogue experiments using an inclined 

flume and high speed video (for full video see: 

http://web.gps.caltech.edu/~jprancev/). 

     Active and passive earth pressure calculations have 

now been widely accepted as the most appropriate 

treatment for the upslope and downslope boundaries. 

However, the equations do not account for seepage 

forces in their treatment (Milledge et al., 2014). 

Furthermore, experimental observations suggest that 

a tension crack often forms at the upslope boundary 

but this has not been explicitly included in the model 

(Cohen and Schwartz, 2017). Analytical approaches to 

stability that account for seepage and tension cracks 

have been developed in other contexts (Utili, 2013; 

Voulgari and Utili, 2017) but have not been applied to 

shallow landslides. Recent analogue experiments by 

Prancevic et al. (2012, 2017) have provided some of 

the first observations of both the magnitude of the 

edge effects and the form of the failure surface at 

these boundaries (Figure 3).  

     The aim of this project is to develop an improved 

model for shallow landslides capable of application 

across entire landscapes. This model will be used to 

examine the distribution of shallow landslides 

at the landscape scale, both in terms of their 

relationship with measures of the underlying 

topography and material properties (such as 

soil depth), and in terms of how landslide size 

varies across the landscape. Both of these goals 

have direct relevance for improved assessment of 

landslide hazard. The project will take advantage of 

existing analogue experiments (from Prancevic) and 

model frameworks (from Milledge) and expertise in 

analogue (Densmore, Prancivic) and analytical 

modelling (Utilli, Milledge). 

 

Project objectives 

O1: characterise the behaviour of the upslope and 

downslope boundaries within numerical and analogue 

experiments. 

O2: improve the theoretical underpinning for the 

governing equations particularly on the upslope and 

downslope boundaries. 

O3: develop an improved scheme to identify discrete 

landslides given the governing equations (from O2). 

O4: apply the model to examine implications for 

landslide size frequency distributions, scaling 

relationships and hazard mapping. 

     Examining the behaviour of the upslope and 

downslope boundaries in tightly constrained 

experimental conditions provides a valuable 

opportunity to examine the mechanical 

representation of the different methods. Comparing 

these results to numerical simulations that allow more 

variability in conditions, but require additional 

assumptions, improves the ability of the project to 

identify the mechanics of failure across a range of 

environments.  

 
Methodology 
A major strength of the project is the novel 

integration of state of the art analytical and numerical 

geotechnical techniques and experimental analogue 

modelling in constraining the controls on landslide 

occurrence. 

The main methods employed include: 

M1) Laboratory analogue modelling to identify the 

magnitude of additional resistance provided at the 

downslope boundary and the mechanism of failure at 

this boundary. This will include analysis of archival 

high speed video for multiple laboratory failures held 

by Prancevic and supplemented by new experiments 

using the same flume design. 

http://web.gps.caltech.edu/~jprancev/


  

M2) Numerical modelling of landslide susceptibility 

using continuum mechanics models (e.g. Griffiths and 

Marquez, 2007; Milledge et al., 2012). 

M3) Analytical model development will be undertaken 

building on the insight gained in other methods to 

improve the representation of shallow landslides. 

M4) Comparison of model outputs with existing 

shallow landslide inventories will yield insight into the 

controls on spatial landslide distribution and sizes. 

M5) Hazard mapping approaches will be developed 

which draw on the new stability model. 

     This project also involves collaboration with Dr 

Jeff Prancevic, Department of Environmental Systems 

Science ETH Zurich.  

 
Timeline 
Year 1 

Liaise with project partner Prancevic to access 

existing analogue model data and begin analysis of 

archival high speed video (O1). Visit project partner 

Prancevic for training on flume design and operation 

(O1). Review landscape scale landslide models in 

relation to governing equations, landscape scale 

application and user requirements (O2 - O4). 

Year 2 

Carry out flume experiments testing a range of 

material types and investigating influence of spatial 

variability (O1). Carry out numerical modelling testing 

a range of material properties and slope geometries 

(O1). Compare analogue experiments and numerical 

model runs (O1). 

Year 3 and 4 (six months only) 

Develop improved treatment for the upslope and 

downslope boundaries of shallow landslides (O2). 

Compare behaviour of existing search schemes with 

analytical and numerical experiment behaviour to 

improve landscape scale model (O3). Test the 

improved model for a series of benchmark landscapes 

(that have already been widely modelled) to generate 

hazard maps, size distributions and scaling 

relationships for shallow landslides (O4) 

 
Training & Skills 
Departmental training in research skills and 

techniques is provided through: a programme of 

taught modules; internal training ‘workshops’ that 

focus on key geographical research skills and 

techniques; departmental seminars and presentations 

by postgraduate students themselves. 

      Research training continues through the second 

and third years, based around a number of themes: 

problem framing; critical thinking; knowledge of 

recent advances within the research field; research 

design, and techniques and scientific writing. 

     Bespoke technical training will also be provided by 

the research supervisors (analogue experiment design 

and implementation, GIS/spatial analysis, numerical 

and analytical modelling) and technical staff in the 

Department of Geography. 
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