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Background 

Durham University has established a new Global Challenges Research Fund Centre for Doctoral Training 
(CDT) with fully funded PhD studentships beginning in February 2019. The CDT will support a cohort of 
around 20 students working on a specific challenge in one or more of the areas of the UN Sustainable 
Development Goals with all PhD students coming from a DAC nation. All PhD projects are interdisciplinary 
and will be supervised by academic staff from different departments in partnership with a university in an 
overseas DAC nation, and may include collaboration with other organisations. PhD candidates in the CDT 
will participate in a wide ranging and comprehensive training programme to equip them to make an 
effective contribution in their area of expertise following completion of their PhD. The PhD will include a 
placement in the partner DAC nation. 
 

Project Title: Using machine-learning and satellite radar to detect 
“silent” earthquakes in the Zagros Mountains, Iran 

 
Based in the Dept. Earth Sciences, in partnership with the Dept. Computer Science. Supervisory Team:  

Dr Richard Walters (richard.walters@durham.ac.uk), 
Dr Noura Al Moubayed, Prof. Toby Breckon, Prof. Mark Allen, (Durham University) 

Dr Mohammad Tatar (IIEES, Iran) 
Overview 
Tectonic faults in the Earth’s crust commonly release stress in sudden episodes of slip, generating 
earthquakes in the process. But faults are also known to sometimes slip slowly over hours, days, or years, 
releasing stress without radiating seismic waves. Characterising when and where these “silent”, aseismic 
earthquakes occur is critical for accurately estimating seismic hazard and improving understanding of fault 
mechanics, but their ubiquity and overall importance on a global scale remain enigmatic.  
 
Two new radar (InSAR) satellites, the Sentinel-1 constellation, are revolutionizing the way we measure 
deformation of the Earth’s surface, generating near-global maps of on-shore crustal deformation with 
temporal resolution of days-weeks (Elliott et al., 2016). This new dataset affords a major opportunity to 

investigate the prevalence of silent earthquakes that 
may have been undetected in past datasets. But 
such a large dataset (10TB/day, 1000-2000 
images/day) precludes manual analysis and requires 
the development of new automatic-detection tools 
based on cutting edge machine-learning methods.  
 
This project will involve developing new machine-
learning tools to detect silent earthquakes, whose 
signals in satellite radar are generally small in 
comparison to the atmospheric noise inherent in the 
data (Figure 1), and may have unknown spatial and 

temporal characteristics. Few studies have previously 
attempted to harness machine-learning techniques 
to exploit the big datasets obtained from radar 
satellites. 
 

Figure 1: (Left) Example of combined earthquake and 

atmospheric signals in InSAR data over the Zagros mountains. 

(Right) modelled tectonic signal, assuming deformation is 

caused by seismic and/or aseismic slip on a fault (black line). 

From Nippress et al. (2017) 
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The Zagros mountains in south-west Iran (Figure 2) are the ideal location to develop and test such an 
approach, as the region has a high rate of tectonic stress-build-up and is also thought to have one of the 
world’s highest ratios of aseismic to seismic stress-release: around half of all tectonic deformation across the 
mountain belt is thought to be released aseismically. It is unknown if this takes place at a steady rate or 
episodically, or what the relationship is between any such episodes and regular earthquakes. The new 
detection algorithm will be used in the Zagros to identify silent earthquakes, enabling modelling of the spatial-
temporal evolution of slip in each event. Then, by comparing the results with regional seismicity and geology, 
it will be possible to investigate the relationship between seismic and aseismic slip, and the driving forces 
behind silent earthquakes and seismic hazard in the Zagros.  

 
The approach developed in this project will 
subsequently be deployed on the global Sentinel-
1 dataset, with the potential to lead to a step-
change in our understanding of when and where 
transient aseismic slip occurs, and subsequently 
also the physical conditions that promote these 
enigmatic events.  

 
Methodology 
A major component of this project will involve 
developing a deep-learning algorithm for the 
detection of “silent earthquakes” in radar data. 
We propose the adoption of a new ‘novelty-
detection’ approach, identifying hidden silent 
earthquake signals as rare ‘novelties’ by the fact 
they do not conform to the well-characterised 
spatial-temporal structure of noise in 3D stacks of 
satellite radar data (1 temporal and 2 spatial 
dimensions). This is an established technique that 
has previously been successfully used in other 
fields such as medical imaging. 
 

This detection tool will first be developed and 
tested with a synthetic dataset. Synthetic data will 
be constructed to faithfully represent real 3D 

stacks of InSAR images, using knowledge both of the structure of atmospheric noise, and of the likely 
deformation signal associated with silent earthquakes. Next, the new detection tool will be tested on real 
InSAR data acquired over the Zagros mountains. These data will be accessed directly from a globally unique, 
UK-based, automated processing centre for Sentinel-1 data. The lead supervisor was involved in establishing 
this processing centre in his role as part of the UK’s Centre for the Observation and Modelling of Earthquakes, 
Volcanoes and Tectonics (COMET).

 
Training & Skills 
As well as project-specific training on satellite radar analysis and machine-learning techniques, the student 
will be embedded within active communities in both earthquake and machine-learning research through the 
Earth Sciences and Computer Science departments respectively. Furthermore, they will become part of the 
UK-wide, award-winning COMET research group which hosts a vibrant student community, including annual 
meetings and technical training workshops. 
 
The student will have opportunities to work with other partners in the UK and internationally and they are 
encouraged to travel to national and international scientific meetings to present results. We aim to see all 
students publish at least two papers in leading scientific journals during their PhD. The dual training in cutting-
edge remote sensing and machine-learning techniques will provide the student with a uniquely strong skillset, 
making them well equipped for a career in academia or in a range of industries. 

 

Figure 2: Shaded relief map of Iran showing active faults and 

seismicity from the Global Centroid Moment Tensor Catalog. 

Blue, black, and red focal mechanisms show thrust, strike-slip, and 

normal-faulting events, respectively. The red box highlights the 

Zagros mountains. 
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Financial Support 

PhD projects are fully funded for three years full-time beginning February 2019. The award covers: 

 Full payment of all fees 

 A tax-free maintenance grant set at the UK Research Council’s National Rate which is £14,777 per 
year for 2018/19 

 Return travel and visa costs for the applicant’s home nation 

 An allowance to cover research costs and research training 

 Support for an overseas placement during the PhD at the DAC nation partner university (IIEES, Iran). 
 

Eligibility and Other Requirements 

Funding is available to an overseas candidate based in a DAC nation, with preference given to candidates 
from Iran. Applicants must meet the university’s academic PhD entry requirement which is a 2:1 honours 
degree or equivalent in a relevant subject. Candidates may also hold a Masters degree in an area relevant to 
the project. Applicants should also demonstrate research potential. Non-native English speakers require an 
English language qualification equivalent to IELTS 6.5 with no element less than 6.0.  
Applicants must be able to start their PhD on 1 February 2019. 
For this project, a strongly numerate student is required, with a background either in geoscience or 
computer science. Experience with programming is highly preferable, and experience in machine-learning 
and/or geodesy is desirable, although training will be given in appropriate techniques. 
Durham University is an equal opportunities employer and we welcome applicants from diverse 
backgrounds and with diverse life experiences. 
 

How to Apply 
Applicants must complete the university online postgraduate application form at 
https://www.dur.ac.uk/study/pg/apply/. As part of the application process applicants will be required to 
provide: 

 A current CV 

 Two academic references 

 Official transcripts of previous qualifications 

 Evidence of English Language proficiency. 
Applicants must state on the application form the title of the project they are applying for and the name of 
the main supervisor. Applications will be considered by the department hosting the PhD project. The 
deadline for applications is 7 September 2018.  
 
Please contact Dr Richard Walters for more details (richard.walters@durham.ac.uk) 
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