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Overview 
 

Glaciers and ice sheets will be the largest contributors 

to 21st Century sea level rise, but estimates of ice 

mass loss are subject to considerable uncertainties. 

One of the largest challenges lies in predicting the 

retreat of tidewater outlet glaciers (i.e. those glaciers 

that drain directly into the sea: see Fig. 1). The rate of 

retreat of these glaciers can vary dramatically on short 

(i.e. seasonal to annual) timescales, in response to 

warming of the atmosphere, ocean or both (Carr et 

al., 2013a). Improving our ability to predict tidewater 

glacier retreat is therefore vital if more accurate 

estimates of future ice loss, and hence sea level rise, 

are to be developed. 

 

 
 

Fig. 1: Kangiata Nunata Sermia, a tidewater glacier in SW 

Greenland 

 

A key challenge is that tidewater glacier processes, 

such as calving and submarine melting, operate at a 

spatial resolution that cannot presently be 

incorporated in the large-scale models used to predict 

future evolution of the ice sheets. If tidewater glacier 

retreat is to be included in these models, a simple 

parameterisation is thus necessary which expresses 

retreat rate as a function of key climatic and physical 

attributes. This approach was pursued in a recent 

study by Cowton et al. (2018), who found that the 

variation in the terminus position of 10 glaciers in east 

Greenland could be explained with reasonable 

accuracy by a simple parameterisation linking retreat 

rate with glacier runoff and ocean temperature. If 

similar parameterisations can be developed that are 

capable of approximating retreat rate across relevant 

timescales around the full periphery of the Greenland 

Ice Sheet (GrIS), and across a range of relevant 

timescales, then this may provide a crucial means to 

incorporate tidewater glacier retreat into estimates of 

future GrIS mass loss. Similarly, this approach may 

prove valuable for improving predictions of mass loss 

in other regions with a high concentration of 

tidewater glaciers, such as Svalbard and the Canadian 

Arctic. 

 

The objective of this PhD project is thus to improve 

the parameterisation of the retreat of tidewater 

glaciers in Greenland and beyond. Over the course of 

https://www.st-andrews.ac.uk/gsd/people/trc6/
https://www.dur.ac.uk/geography/staff/geogstaffhidden/?id=5244
https://www.ncl.ac.uk/gps/staff/profile/rachelcarr.html#background


 

  

the project the student will utilise a range of data 

sources (principally remote sensing imagery) to 

develop and test relationships between tidewater 

glacier retreat rate (and ice discharge), climatic change 

and key glacier properties. Specifically, the project will 

seek to build on recent research (Cowton et al., 

2018) by: 

 

1. Increasing the glacier sample size, and 

expanding the research area to include other 

regions both within Greenland and elsewhere 

(e.g. the Canadian Arctic, Svalbard) 

2. Increasing the temporal duration of records, 

utilising the full scope of satellite remote 

sensing data as well as additional archive 

sources where available. 

3. Incorporating additional, physically motivated 

parameters, such as ice thickness and bed 

topography. 

4. Exploring parallels between the retreat rate of 

tidewater outlet glaciers on modern and 

palaeo timescales. 

 

These objectives are further detailed in the following 

Methodology section. 

 
Methodology 
 

Achievement of the objectives will require an extensive 

dataset of tidewater glacier terminus positions, 

covering all sectors of Greenland as well as regions of 

interest elsewhere. This will be obtained through a 

compilation of existing data sets (e.g. Carr et al., 2017; 

Hill et al., 2018), supplemented by new records based 

on remote sensing data. For an expanded sample of 

glaciers, time series’ of terminus retreat will be created 

by digitising glacier terminus position in a range of 

freely-available satellite imagery (e.g. Landsat, Sentinel-

1 and 2) at approximately monthly intervals. This 

processing will be undertaken using the Google Earth 

Engine Digitisation Tool (GEEDiT) (Lea, 2018), 

developed specifically to facilitate the quantification of 

changes in glacier terminus position over time. 

 

For the first phase of the project, research will focus 

on a common timeframe across which plentiful satellite 

observations are available, extending from the early 

1990s to the present day. These time series will be 

analysed statistically in conjunction with equivalent time 

series of atmospheric and oceanic conditions derived 

from freely available reanalysis data of (e.g. Noel et al, 

2016), to address questions including: 

 

- Do the simple relationships between retreat 

rate, ocean temperature, air temperature and 

runoff (cf. Cowton et al., 2018) hold for the 

expanded dataset? 

- Can these relationships be improved by the 

incorporation of additional parameters, for 

example taking into account the varying size of 

the outlet glaciers or a simple representation 

of the physical attributes of the fjord / valley 

systems in which they reside (see Carr et at., 

2013b)? 

- Does the relationship between tidewater 

glacier retreat and external forcings appear 

stronger in some regions than others? If so, 

what may be the cause of this? 

 

A similar process will be followed during the second 

phase of the project, but with the focus shifted to 

maximising the temporal extent of records (within the 

observational era). For a subsample of glaciers, the 

student will seek to identify and acquire available 

records from such sources as early satellite missions, 

aerial photography and historic maps and reports. 

While such records will be sparser than those from 

recent decades, they provide a valuable opportunity to 

test whether the relationships derived in phase 1 

remain applicable on timescales relevant to sea level 

rise predictions over the coming 100-200 years. 

 

The third phase of the project seeks to draw parallels 

between the retreat rate of contemporary and palaeo 

outlet glaciers. Detailed retreat chronologies have 

been reconstructed for northern hemisphere ice 

sheets following the Last Glacial Maximum (~21 ka BP: 

e.g. Hughes et al., 2016) permitting the calculation of 

retreat rates and comparison with estimates of 

atmospheric and oceanic warming from proxy records 

and modelling. This provides the opportunity to 

examine how the relationship between margin retreat 

and climate varies over much longer timescales 

(thousands of years), allowing assessment of the 

timescales over which it may be most appropriate to 

approximate a steady relationship between climate 

warming and outlet glacier retreat.  

 
Timeline 
 

Year 1: Literature review; assessment of existing data 

sets; skills training (remote sensing); compilation of 

phase 1 data set; commence analysis and write-up for 

phase 1. 

 

Year 2: Complete analysis and write up of phase 1 

data; compilation of phase 2 data; commence analysis 

and write-up for phase 2. 

 

Year 3: Complete analysis and write up of phase 2 

data; compilation of phase 3 data; commence analysis 

and write-up for phase 3. 

 



 

  

Year 3.5 (6 months): Complete analysis and write up 

for phase 3. Complete write up of thesis. 

 
Training & Skills 
 

The student will be provided with training in accessing 

and processing satellite imagery using GEEDiT, and 

analysis and presentation of data sets using Matlab. As 

well as in-house training, the student will attend 

appropriate external training such as the ESA 

Cryosphere Remote Sensing training course, 

equipping them with skills in a range of remote 

sensing techniques. Remote sensing and GIS are of 

increasing importance in academia and industry, 

providing the student with skills that will prove 

valuable beyond the duration of the PhD. The student 

will also be encouraged to attend a training course in 

statistical methods (e.g. BGS Statistics for Geoscientists), 

selected as appropriate for the student’s existing 

knowledge and the specific requirements of the 

project. Finally, the student will seek to attend the Ice 

and Climate Summer School, run by the University of 

Utrecht, which provides essential grounding for new 

researchers in glaciology. 

 

Further training in transferable skills, including project 

management, oral and written presentation and media 

and outreach engagement is available through the 

Centre for Academic, Professional and Organisational 

Development (CAPOD) at the University of St 

Andrews. The student will be required to present 

their work at conferences and seminars within St 

Andrews, and will be expected to attend appropriate 

national and international conferences throughout 

their PhD research. There may also be opportunities 

for professional work placements. 
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