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Overview 
In mountainous areas, earthquake-triggered landslides 

can cause considerable destruction and loss of life and 

block lines of communication, hampering the flow of 

information from and aid into affected areas. Timely 

provision of information on the distribution and 

intensity of disruption by landslides can aid 

humanitarian relief efforts. However, such mapping is 

often limited by the availability of cloud-free satellite 

imagery. After the 2015 Nepal earthquake, imagery of 

the affected areas was available within 2 days but the 

ground was largely obscured by cloud. Even ~10 days 

after the earthquake, less than 25% of the affected 

area was visible in cloud-free optical imagery. 

However, spaceborne synthetic aperture radar (SAR) 

platforms can image the ground surface through cloud 

cover and can be used to detect the surface changes 

caused by landsliding. Following the Nepal earthquake, 

SAR scenes were available within 3 days of the 

earthquake, but manual or automatic landslide 

detection algorithms did not exist. Development of 

such algorithms, in concert with newly-available SAR 

imagery at short repeat intervals over large regions of 

the globe, would significantly reduce the time that 

relief agencies and governments must wait for 

information on the extent, size, and impact of 

earthquake-triggered landslides. 
 

The European Space Agency’s Sentinel-1A radar 

satellite became operational in September 2014 and, 

together with the soon-to-be-launched Sentinel-1B, is 

expected to provide global coverage every 6 days. 

Together with other SAR systems, the success of 

Sentinel-1 will make rapid responses to landslide 

hazards possible using satellite radar. 

 

The principal aims of this project are: 

(1) To establish potential users and their information 

needs, including a review of the operational users 

and uses of landslide data in recent earthquakes. 

What do relief agencies want to know, at what 

time, and at what level of precision? 

(2) To develop SAR processing methodologies 

appropriate for landslide detection, using Nepal as 

a case study.  

(3) To develop classification methods for landslide 

detection from SAR and establish the current 

limits of detection. To what extent, and with what 

precision, can SAR approaches resolve individual 

landslides, recover size distributions, or calculate 

affected areas?  

 
Figure 1: Radar coherence map of central Nepal, 

highlighting changes in ground surface properties over 

the period of the 2015 Gorkha earthquake (yellow 

regions), overlain with inventory of landslides mapped 

manually using optical satellite imagery (blue polygons). 
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(4) To apply these methods to other cases: monsoon-

triggered landslide detection in Nepal and 

earthquake-triggered landslide detection 

elsewhere (e.g. Wenchuan, Afghanistan). 

 

Methodology 
A combination of SAR-based techniques will be 

employed to detect and map earthquake-triggered 

landslides. Radar coherence and intensity maps and 

polarimetric SAR will be used to detect changes in 

ground surface properties and vegetation cover due 

to landslides, whilst SAR pixel offset tracking and 

conventional interferometric SAR will be used to 

measure any precursory downslope movement. 

Whilst previous attempts at landslide detection with 

radar have focussed on just one or two of these 

methods, this project will involve the integration of 

multiple SAR-based techniques in a time-series 

framework, along with the use of landslide-physics-

based filters that take advantage of available 

topographic data. 

 

The project will involve developing and testing 

automated computer algorithms for landslide 

detection using these datasets. The results will be 

validated against landslide inventories obtained from 

high-resolution optical satellite imagery following the 

2015 Gorkha earthquake. Analysis of the uncertainties 

inherent in the algorithm will also be key, in order to 

understand the uses and limitations of satellite radar 

data for rapid landslide mapping. 

 

The UK Facility for Climate and Environmental 

Monitoring from Space (CEMS) has a direct pipeline 

to the Sentinel-1 processing and archive facility, based 

at Farnborough. Durham University is a member of 

the Centre for the Observation and Modelling of 

Earthquakes, Volcanoes and Tectonics (COMET) and 

can access the CEMS facility, making it possible to 

process Sentinel-1 SAR data in near-real time. 

 

Timeline 
Year 1: Undertake Risk Masters in the Department of 

Geography, Durham University. Additional training in 

programming skills and satellite geodesy techniques, in 

particular the handling of SAR data. Field trip to Nepal 

to solicit input from aid agencies about their needs 

and requirements. 
 

Year 2: Processing of SAR data and development and 

validation of algorithms for landslide detection and 

mapping, to include 3 month visit to work with Dr 

Bellugi at UC Berkeley. The combined work of Years 

1 and 2 should lead to at least one publication. 
 

Year 3: Analysis of the new landslide inventory. 

Application of detection algorithm in other case study 

areas. Second field trip to Nepal to present results to 

stakeholders. The work in year 3 should lead to at 

least one additional publication. 
 

Year 4: Focus on combining the published outputs and 

associated material into a PhD thesis.

 

Training & Skills 
The student will receive training in space geodesy 

techniques, in particular the handling of satellite radar 

data, and in mapping and analysing earthquake-

triggered landslides. Training in a wide range of 

essential skills (e.g. presentation skills, paper/thesis 

writing, and enterprise skills) is provided by Durham 

University. The student will become a member of 

COMET and attend regular meetings where natural 

hazard research from several leading UK universities 

is presented and discussed. Importantly, the student 

will also have the opportunity to interact with 

organisations that have used landslide inventory data 

to help respond to recent earthquakes, including 

national and international NGOs in Nepal, and will 

become familiar with the needs and constraints 

experienced by the disaster response and 

humanitarian sector. 

  

The student will be encouraged to travel nationally 

and internationally, for collaboration and to present 

results at scientific meetings. We aim to see all 

students publish at least two papers in leading 

scientific journals during their PhD. Upon completion, 

the student will be well equipped for a career in 

academia or in a range of industries.

 

Links to other AND projects 
Knowledge of landslide locations from this project will 

aid development and validation of simple rules for 

minimizing landslide hazard, and enable upscaling of 

understanding of road-related landslides generated 

from lab modelling and fieldwork. The methods 

developed in this project will improve the speed and 

accuracy with which landslide dams can be identified 

after an earthquake, aiding communication to at risk 

communities. 
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