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Overview 
 
Shallow landslides in upland environments are highly 
significant: transporting sediment from hillslopes to 
rivers; carving landscapes; and posing a significant 
hazard to communities and infrastructure. 
Understanding the location, timing, size and runout 
behaviour of shallow landslides is extremely important 
if the risk of such events is to be effectively mitigated. 
While considerable progress has been made on the 
location and timing of landslides, progress on the 
other components and on the links between them has 
been much slower. Rainfall thresholds have been 
developed in some areas, but the influence of rainfall 
properties on the location and size of the shallow 
landslides remains unknown. The hydrological 
processes that trigger landslides are contested but 
remain untested. Yet, the competing hypotheses 
should be testable since they result in different 
relationships between the triggering rainfall and 
landslide characteristics. Much shallow landslide 
research has been undertaken in ridge and valley 
topography (e.g. Montgomery and Dietrich, 1994) 
where the strongly convergent topography focuses 
subsurface flow, and landslides are generally restricted 
to hollows. However, little is known about 
hydrological controls in landscapes with a glacial 
legacy where subsurface flows are not focussed by 
topography in the same way.  
 

 
Figure 1. Shallow landslide complex in Glenderaterra, 
Cumbria following Storm Desmond 08/12/15. 
 
Landslide inventories are a key source of information 
for assessing the controls on landslide occurrence, 
providing observations to drive empirical models and 
test numerical model predictions. Landslide 
inventories have been widely reported for tectonically 
active environments but are rare in older more stable 
landscapes where landslides occur only during 
extreme hydrological events (Figure 1). In these 
landscapes landslide inventories must be generated 
over multiple events in order to produce a sufficiently 
large sample, necessitating long study durations or 
extreme clustering of trigger events or both.  
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The aim of this project is to evaluate the controls on 
shallow landslide occurrence and runout in de-
glaciated upland landscapes where the topographic 
controls on landslide location are subtle. The project 
will take advantage of a multi-temporal landslide 
database developed by the supervisors for shallow 
landslides in the Lake District, Northern England. This 
inventory provides details of individual landslide 
occurrence for several epochs dating back to 1994 
with particularly active periods associated with 
regional flooding in 2005, 2008, 2009, 2012 and 
2015. This record can be further extended using 
archival aerial photography. 
 
The inventory will be compared with other rainfall 
triggered shallow landslide inventories from Hong 
Kong and Japan where similar endeavours have been 
undertaken over the last two decades.  
       
The objectives of the project are: 
O1a: Develop a rainfall threshold for shallow 
landslides in the study area and compare to existing 
thresholds for shallow landslides across the world 
(including Hong Kong and Japan).  
O1b: Examine the relationship between rainfall 
characteristics and landslide characteristics to test 
competing hypotheses on landslide hydrology.  
O2: Explore empirical relationships governing the 
spatial occurrence of landslides and the extent of 
landslide runout. 
O3: Compare the database patterns to existing 
numerical models that predict shallow landslide 
location, size and runout. 
O4 – Develop an improved spatial model that better 
predicts the size and shape of shallow landslides 
across the landscape and their runout characteristics. 
O5 – Use the new model to provide a hazard map for 
landslide occurrence. 
 
Testing such models in environments, where the 
topographic control on hydrology, and thus pore 
pressure, is subtle provides a particularly strict test 
for these models. Comparing these result to ridge and 
valley landscapes more similar to those from which 
the models originate but with richer datasets than 
have previously been used improves the ability of the 
project to identify causality from performance 
observations.  

 
Methodology 
 
The project design and methodology is closely 
structured around five key objectives which also 
provide a timeline for the sequence of study. A major 
strength of the project is the novel integration of 
region-wide field data on shallow landslide occurrence 
and the empirical and numerical models applied in the 

analysis of the data and prediction of landslide 
occurrence. 
 
The main methods employed include: 

1) Field survey and desk based analysis to 
compile and standardise existing landslide 
databases in to a comprehensive multi-
temporal inventory for Cumbria. Carry out 
additional fieldwork and mapping to ensure 
the record is comprehensive and complete. 
This will include detailed topographic mapping 
using differential GPS, terrestrial laser 
scanning (TLS) and Structure-from-Motion 
photogrammetry; sampling of material 
properties for geotechnical analysis. 

2) Statistical analysis of temporal trends in the 
landslide inventory databases including simple 
empirical modelling to predict the occurrence 
of landslides based on rainfall characteristics 
(e.g. conditional probability analysis, Berti et 
al., 2012; logistic regression). 
 

 
Figure 2. Landslide length, width and volume (proportional 
symbol) relationships for a subset of the shallow landslides 
in the database. 
 

3) Empirical modelling of landslide susceptibility 
using existing techniques (e.g. frequency ratio, 
logistic regression, neural network; Xu et al., 
2012) and GIS derived variables. 

4) Numerical slope stability modelling will be 
undertaken to analyse the critical conditions 
for determining landslide size and shape and 
the runout of landslide debris (e.g. MD-STAB, 
Bellugi et al., 2015; CHLT, Fan et al., 2016). 

5) Hazard mapping approaches will be developed 
which draw on the results of the empirical 
and numerical modelling approaches. 

 
Timeline 
 
Year 1 

i) Complete desktop work on landslide 
inventory database and begin survey of 

  



field sites. 
ii) Liaise with project partners to access 

global comparator datasets (initially with 
contacts in Hong Kong and Japan). 

iii) Review and select empirical and numerical 
models for predicting landslide 
occurrence (O2 & O3) 

Year 2 
i) Complete main field survey work and 

laboratory/geotechnical testing. 
ii) Carry out detailed statistical analysis of 

the landslide inventories (O1 - O3) and 
develop spatial models to predict the 
occurrence and runout of the landslides 
(O4). 

 
Years 3 – 4 (six months only) 

i) Compare empirical and numerical models 
that predict the occurrence of shallow 
landslides (O2 & O3). 

ii) Develop an improved model that can be 
used for producing improved hazard maps 
for shallow landslides (O4 & O5). 

iii) Write and submit thesis and papers. 
 

 
Training & Skills 
 
Departmental training in (a) research skills and 
techniques and (b) research environment are 
provided through four mechanisms: (i) a programme 
of taught modules; (ii) internal training ‘workshops’ 
that focus on key geographical research skills and 
techniques; (iii) input from supervisors; and (iv) 
departmental seminars by visiting and internal 
speakers and presentations by postgraduate students 
themselves. 
 
Physical geography research postgraduates normally 
take the taught departmental module ‘Implementing 
Research Design’ during their first year. The aim of 
this module is to help students put University training 
in research design into practice specifically in relation 
to physical geography research both generally and 
with regard to the student’s own project work. 
Students receive instruction in data collection and the 
scientific method, contextualizing and problematizing 
research in physical geography, planning for field- and 
laboratory work, and team and group working in 
physical geography. Assessment of students in this 
module is formative. In addition to generic training 
offered by the University, the Department also 
provides training through a series of in-house 
‘workshops’. These workshops offer the opportunity 
to gain both experience and knowledge with a 
number of tools in a specifically geographical 
disciplinary context and to gain an understanding of 
some of the wider structures and practices which 

make up academic life. This programme has been 
developed in response to postgraduate requests and 
is open to ALL postgraduate students irrespective of 
degree or year of study. 
 
Research training continues through the second and 
third years, and is based around a number of themes: 
(i) Recognition and validation of problems; (ii) 
Demonstration of original, independent and critical 
thinking, and the ability to develop theoretical 
concepts; (iii) Knowledge of recent advances within 
the research field and in related areas; (iv) 
Understanding relevant research methodologies and 
techniques and their appropriate application within 
the research field; (v) Ability to analyse and critically 
evaluate findings and those of others; and (vi) 
Summarising, documenting, reporting and reflecting 
on progress. 
 
Bespoke technical training will also be provided by the 
research supervisors (advanced geomatics, GIS/spatial 
analysis and empirical/numerical modelling) and 
technical staff in the Department of Geography. 
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