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Overview 
Relief in mountainous landscapes is a balance between 

tectonics, climate, and surface processes. Tectonics 

uplift the landscape, while rivers and glaciers incise 

valleys and mass wasting controls the height of the 

peaks above. In some glacial catchments, hillslope 

sediment flux can be 60% of the total, and an estimated 

1-10% of Late Pleistocene to Holocene denudation has 

been carried out by large landslides alone - which 

cluster on the steep walls of glaciated valleys. However 

landslides that travel onto glacial accumulation zones 

become incorporated into the glacier transport 

pathways – these events represent a gap in our 

understanding of mountain erosion. In ablation zones 

the balance between new landslide additions from 

rockfalls and reworking of exposed lateral moraines, 

sequestered landsides from up-valley, and glacial 

erosion products is unknown. 

 

The focus of this project is to quantify the magnitude-

frequency of landslide inputs onto a series of 

Norwegian glacier tongues (see for example: Eyles and 

Rogerson, 1978) bounded by steep rock slopes with 

known rockfall / landslide / avalanche activity, and 

document their debris reworking. In parallel, slopes 

down-valley that have been deglaciated at various 

stages will be investigated to determine a time-series of 

slope response to ice loss. 

 

Globally, previous work has focussed on small-scale, 

frequent, periglacially-driven rock fall, particularly 

sourced from cirque headwalls. Short term rates of 

erosion derived from these studies (0.002 – 5 mm per 

year) do not always match well with the longer term 

estimates. Larger, catastrophic landslides, capable of 

basin-wide averaged 0.5 – 7 mm denudation per year, 

likely make up the shortfall, but are not often captured 

in short term monitoring. Overall, our knowledge of 

the magnitude-frequency of landslides above ice, and 

therefore the erosive work they do, is poorly 

quantified – which leads to assumptions of the response 

of slopes currently deglaciated, ie the Paraglacial 

concept whereby rates of activity increase rapidly as ice 

thins / retreats.  

 

 
Fig 1. Example of a large landslide deposit rapidly buried by 

snowfall and wind redistribution in an accumulation zone. 

 

Glacial and then pro-glacial processes rapidly rework 

landslide debris, and in accumulation zones there is a 
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low occurrence of suitable conditions for time-series 

remote sensing prior to burial. For our estimates of 

magnitude and frequency we are therefore reliant on 

the study of deposits emplaced in the ablation zone, 

and, more commonly, those preserved in ice-free areas 

– this bias has not been explored, yet is critical for 

adequate constraint of both landscape evolution, and 

the risks posed to infrastructure in deglaciated valleys.  

 

Both small and large scale landslide events are thought 

to be increasing as climate warms, although records 

from deglaciated areas show the peak rate of large-

scale failure may lag deglaciation by several thousand 

years. Documentation of landslides that interact with 

glacial ice or occur in recently ice-free valleys are 

already common, but, a high-resolution valley scale 

spatial and temporal inventory of activity has to date 

not been completed anywhere. 

The purpose of this research is to investigate where, 

when, and, how landslides happen above glaciers now, 

and where glaciers positions used to be. We also wish 

to evaluate the potential of glaciers to hold buried 

archives of previous landslide events.  

 

Fieldsites will be selected in cooperation with the 

Geological Survey of Norway. Possible areas include 

the Lyngen Alps, the outlet glaciers of Jostedalsbreen, 

and the high mountain plateau of Dovre. 

 

The key overarching research questions that this 

studentship will address are: 

Q1. What controls the timing, magnitude and 

nature of landslide release above select 

Norwegian glaciers? 

Q2. How variable are rates of activity and 

reworking along deglaciating valleys? 

Q3. How does the runout and distribution of 

landslide /rockfall debris vary with ice extent? 

Q4. Is the Paraglacial concept valid after constraint 

of above ice rates of mass movement activity?  

 
Methodology 
Repeat Terrestrial Laser Scanning (TLS) and 

drone/helicopter-based Structure from Motion 

photogrammetry (SfM) will be used to quantify the 

short-term supply, nature, and reworking of landslides 

(Q1) above ice and proglacially over the project 

lifetime.  

 

The timing of each failure will be established using a 

time-lapse camera network, with drivers linked to 

Automatic Weather Stations (AWS) (Q2), and, to the 

rock-mass properties and glacier positions (past and 

present) derived using Q1 & Q2 data. These high 

resolution data will be integrated into a longer time-

series of events derived from archive satellite and aerial 

photographs to construct a robust magnitude-

frequency distribution(s) and ice position / thickness.  

 

The student will undertake numerical landslide runout 

modelling (standard commercial codes, 2D and 3D) 

using the data from Q1 & Q2, along with current, past 

and possible future ice positions to determine the 

changing nature of landslide runout and mass 

distribution as ice thins/retreats. Q3 relies on 

integration of data and the detailed examination of the 

landslide inventories. 

 

 
Fig 2. Example of slope scale Structure from Motion to 

derive annual changes at rapidly thinning / retreating Alpine 

glaciers (Allan 2017, unpublished PhD thesis). 

 

There is also the potential, dependent on Year 2 

findings, to use targeted Ground Penetrating Radar 

(GPR) to image debris from landslides travelling within 

glaciers, from persistent, small rockfalls, to larger 

failure events to investigate the potential for 

Norwegian glaciers to hold archives of past landslides.  

 

A further work package, dependent upon work with 

Norwegian stakeholders, is to instrument key slopes to 

better characterise the drivers of failure in terms of 

permafrost extent and annual to daily temperature 

fluctuations. This may involve thermistor strings and 

thermal imaging. 

 

Timeline 
Year 1: Assemble of remotely sensed data; carry out 

initial TLS / drone surveys, deploy remote monitoring 

installations. 

Year 2: Repeat surveys; derive change data; create 

historical m-f and integrate annual change. 

Year 3: Repeat surveys; derive change data; numerical 

modelling; retrieve monitoring installations. 

Year 3.5: Completion of analysis and thesis write-up. 

 
Training & Skills 
The student will receive training in key remote sensing, 

surveying, and GIS techniques, and will gain experience 

of compiling and analysing large datasets. They will 

become skilled in using TLS, drones / SfM, setting up 

and deploying sensors, and, will develop glaciological 

field skills. Training on the use of the landslide and 



  

glacial numerical models will be provided by the model 

originators and users – no prior experience is required.  
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