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Overview 
 

This project will investigate the response of rock coasts 

to uplift in order to consider whether anticipated 

increases in coastal erosion hazards due to climate 

change are mitigated by coastal uplift. This will be 

achieved by quantifying the processes and rates of rock 

decay and erosion on shore platforms in uplifting 

settings in Scotland and New Zealand.  

 

Rock decay and erosion processes drive the landward 

retreat of bedrock on rock coasts, resulting in cliffed 

coasts fronted by intertidal shore platforms. Rock 

coasts make up the majority of the world’s coast, and 

their erosion leads to land loss and hazardous coastal 

landslides locally, whilst also supplying sediment to 

other parts of the coastline. Unlike beaches, salt marsh, 

mangroves or coral reefs, rock coasts have no capacity 

to recover from erosion events and thus land loss is 

permanent (Naylor et al., 2010). To predict future 

erosion hazards on rock coasts requires understanding 

of erosion and rock decay processes on shore 

platforms. On uplifting rock coasts, shore platforms get 

raised relative to sea level and the shoreline effectively 

migrates seaward. Climate change is expected to result 

in sea level rise and increased coastal storm activity, 

with the potential to exacerbate erosion. However, 

coastal uplift could mitigate against future sea level rise 

in regions experiencing uplift. Uplifting coasts are 

common around the globe (Figure 1; Pedoja et al.,  

 

2014). This PhD project asks: What are the rates and 

mechanisms by which uplifting rock coasts are eroded 

to keep up with relative sea level fall? Answering this 

question will allow us to interpret the seismic and sea 

level record preserved in raised marine terraces, and 

better predict future erosion on cliffed rock coasts in 

the face of rising sea levels and increasing storm 

intensity and frequency. 

 

 
 

Figure 1: Rates of vertical land motion at the coast inferred 

from a database of age and elevations of paleo-shorelines 

(Pedoja et al., 2011).  

This project will focus on uplift that might be gradual 

such as due to postglacial rebound in Scotland 

(Stockamp et al., 2016), or episodic, such as following 

the recent earthquake at Kaikōura, New Zealand 
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(Figure 2), where coseismic uplift of up to 6 m was 

recorded (Clark et al., 2017). 

 

 
 

Figure 2: Uplifted shore platform at Waipapa Bay, New 

Zealand, following the Kaikōura earthquake in 

November 2016 (photo by M. Hurst).  

 
Methodology 
 

The project will focus on observing and quantifying the 

processes of weathering and erosion on uplifting rock 

coasts. Topographic surveys of selected coastlines will 

be collecting using aerial photography from an 

unmanned aerial vehicle (UAV), and processed using 

structure-from-motion photogrammetry to produce 

3D digitial elevation models (DEMs) of the shore 

platforms. Repeat surveying will allow geomorphic 

change to be quantified down to cm scale by 

constructing DEMs of difference (DoDs). Ground-

based photogrammetry will focus on smaller areas to 

identify mm-scale changes using a similar approach. 

Thus a picture of ongoing geomorphic change over a 

three year period will be developed and interpreted. 

 

These observations of geomorphic change will be 

accompanied by a rich tapestry of field experiments and 

observations to measure the processes of weathering 

and erosion that are taking place. The role of lithology 

will be characterised by analysing the orientation, 

spacing and persistence of geological discontinuities, 

and performing rock mass strength tests in the lab 

(Naylor and Stephenson, 2010). The distribution of 

intact rock strength will be assessed in the field using 

an L-type Schmidt hammer to assess the spatial 

distribution of weathering extent (Viles et al., 2011). 

Ecological observations in the intertidal zone will 

identify the distribution of biotic species that influence 

rock decay, and rock samples will be returned to lab 

for SEM analysis to identify biological processes 

operating at the microscale (Naylor et al., 2012). 

 

Observations of rates and processes of rock coast 

weathering and erosion will be used to improve 

numerical models of rock coast development (e.g. 

Matsumoto et al., 2018). Modelling experiments will 

explore the influence of various uplift scenarios on the 

development of shore platforms over a range of 

timescales. 

 
Timeline 
 

Year 1 (October 2019 start): Initial training in 

techniques, processes and research methods. The 

student will develop and refine the initial scientific 

problem informed by reviewing existing literature on 

weathering and erosion of rock coasts, as training in 

the preparation of a research paper. The student will 

develop skills in quantitative topographic analysis of 

DEMs, including use of UAVs to collect aerial imagery, 

SfM to produce 3D models and DoDs to quantify 

geomorphic change. Fieldwork to collect imagery will 

be accompanied by detailed field observations into the 

distribution of weathering and erosion processes. The 

student will initially conduct fieldwork using shore 

platforms in western Scotland as a test case. Fieldwork 

on the Kaikoura coast, New Zealand will be conducted 

in spring of year 1. Student will attend at the British 

Society for Geomorphology Windsor workshop. 

 

Year 2: Development and application of procedures for 

quantifying geomorphic change and relation to process 

observations. Lab experiments using a range of 

lithologies to quantify intact rock breakdown and 

analyse biotic contribution to weathering. Additional 

fieldwork to resurvey topography and extend 

observational evidence. Potential to also sample for 

cosmogenic isotope analysis to quantify long term 

erosion rates (Hurst et al., 2016) (student will apply to 

NERC’s Cosmogenic Isotope Analysis Facility). 

Preliminary coastal evolution modelling experiments to 

simulate response to scenarios of uplift. Design of 

ensemble numerical modelling experiments.  

Attendance and presentation of preliminary results at a 

UK conference (e.g. British Society for 

Geomorphology).  

 

Year 3: Finalise results of topographic and field analysis 

and prepare papers for publication. Conduct numerical 

modelling experiments to simulate rock coast response 

to uplift. Attendance and presentation at an 

international conference (e.g. EGU or AGU), writing up 

results as drafts for academic publications. 

 

Year 3.5: Finalise results, prepare papers for 

publication, write and submit thesis. 

 
Training & Skills 
 

The student will be trained by leading experts in rock 

coast geomorphology, topographic analysis and 

numerical modelling of rock coasts. The student will 



 

  

receive training in acquisition and analysis of high 

resolution DEMs by SfM to produce DoDs. Further 

training in the customising and automating GIS and 

appropriate computer programming languages (e.g. 

Python, C++) required to develop and deploy 

algorithms to perform topographic analyses and 

interpret results. They will learn how to handle and 

analyse large environmental datasets. The student will 

be trained in running rock coast evolution models (e.g. 

RoBoCoP). The student will also receive training in 

project management academic writing, writing funding 

proposals. 

 

The student will emerge from the PhD process with 

skills making them highly suited to a career in the 

Environmental Sciences including the ability to 

manipulate and interpret large datasets, and conduct 

numerical modelling. There are obvious career paths in 

natural hazards and land management, for example, 

especially at the coast, as well as research. 
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