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• Proglacial lakes are becoming ubiquitous at the termini of many glaciers worldwide due to 
widespread mass loss and retreat, with the number of such lakes increasing by ~53% 
between 1990 and 2018[1]. Proglacial lakes are important because they can decouple the 
behaviour of a glacier from climate, leading to accelerated mass loss and retreat due to 
processes of glacier calving[2,3]. However, despite their known importance in forcing the 
dynamic behaviour of many glaciers, an understanding of several of the key processes is 
lacking[4].

• The majority of our understanding of lake-terminating glacier dynamics stems from analysis 
of satellite imagery, which facilitates the monitoring of these glaciers over extended time 
periods with relatively low cost and effort[5]. However, the method suffers from several key 
limitations that are related to the spatial and temporal resolution of the sensor, which can 
make it difficult to obtain detailed information on the short-term dynamic changes occurring 
at these glaciers[6]. 

• The emergence of uncrewed aerial vehicles (UAVs) in glaciology over recent years may 
provide an alternative due to their ability to rapidly assess glacier surface dynamics at 
extremely high spatial and temporal resolutions[7]. Importantly, UAVs are extremely well-
suited for conducting repeat surveys of the ice surface at short intervals (e.g. daily, weekly) 
due to the ability to deploy the UAV system “on demand”[8]. This affords researchers unique 
insights into glacial processes that would be nearly impossible to obtain using satellite 
remote sensing alone[9]. 

• As a result, this study utilised ultra-high resolution repeat UAV imagery to investigate, for the 
first time, the seasonal dynamics of the lake-terminating glacier Fjallsjökull, in southeast 
Iceland (Fig 1) over two periods during the 2019 ablation season.

Fig 1. (a) Location of Fjallsjökull within Iceland, and (b) within the Vatnajökull Ice Cap. (c)
Area of Fjallsjökull and of Fjallsárlón as of 2019. Red box delineates the areal coverage of 
the UAV surveys undertaken in this research. (d) Bedrock topography of Fjallsjökull. Bed 
contours at 40 m intervals (black dashed lines) signify the deepest parts of the two 
bedrock channels under the present day terminus.

2. Data and Key Methods
UAV Surveys
• A 3DR Solo Quadcopter equipped with 12 MP Survey 3 Camera (Fig 2) was utilised for 

structure from motion methods. 
• Surveys conducted daily (where possible) over one week in July, and one week in September 

2019. 
• All surveys flown autonomously with a GSD of 0.03 m.
• Each survey comprised a mosaic of several flights, although it was not always possible to 

survey the entire ~0.5 km2 study area (e.g. due to inclement weather).
• A network of ground control points (GCPs) were deployed across the field site during both 

research trips to accurately georeference the UAV-derived models. 

3D Model Generation
• All image sets were processed using Agisoft Metashape to produce high quality surface 

models (orthomosaics and DEMs) of the ice surface at resolutions of 0.03 and 0.07 m 
respectively (Fig 3).

• Maximum reported error for each model was ~0.22 m and ~0.38 m for the July and 
September surveys, respectively, showing good agreement with previous studies. 

Glacier Velocity
• Calculated using a feature tracking methodology between successive orthomosaics over short 

time intervals (daily, weekly) at sub-pixel accuracy. 
• All velocity rasters were produced with an uncertainty of <±0.35 m for July and <±0.20 m for 

September.

Surface Elevation
• Change in surface elevation for the 5th-9th July and 19th-21st September calculated using DEM 

differencing, with the earlier DEM subtracted from the later DEM.
• Uncertainties for this process estimated at ±0.26 m for July and ±0.10 m for September.

Glacier Velocity

• Smaller-scale, more localised velocity variations can also be observed within 
this overall pattern, such as over the lower portion of the study region between 
the 5th and 6th July (and over a much wider area over the following days) – but 
these are spatially & temporally variable.

Surface Elevation
• Similar overall pattern as observed for velocity – most negative changes found 

with increasing distance from grounded margin (Fig 5). 
• Between 3.00-3.50 ±0.26 m and 1.50-3.00 ±0.10 m of negative change 

observed in July and September respectively. 
• Towards grounded margin both positive and negative surface changes are 

observed – particularly in July. 

4. Preliminary Interpretations and Future Work

Fig 5. Change in ice 
surface elevation for the 
period 5th-9th July (left) 
and 19th-21st 
September 2019 (right), 
calculated from DEM 
differencing. 
The deep red/brown 
areas along the front of 
the terminus represent 
the largest calving 
events that occurred 
during the two 
respective time periods. 

Fig 4. Horizontal velocity fields for select time periods in July (top) and September (bottom) 2019 for Fjallsjökull, 
calculated using feature tracking on UAV-derived orthomosaics. Max velocities of up to 1.6 m d-1 are observed in 
July. Off-ice, stable-ground areas are shown for reference. Black arrows show direction of ice flow.

Preliminary Interpretations
• Overall velocity pattern driven by the underlying basal topography, with it being shown that a ~120 m deep 

bedrock trough exists under the glacier in this region (Fig 6)[10].

• This is important as glaciers flow faster when entering deeper water due to the inverse relationship that 
exists between effective pressure and basal drag[11], leading to increased calving, retreat and thus further 
acceleration and so on[12].

• Such high velocities also likely explain the observed pattern of negative surface elevation changes, and it is 
possible that an additional positive feedback mechanism, termed  “dynamic thinning”[14], may also now be 
underway in this region of Fjallsjökull. 

• More localised increases in velocity, however, cannot necessarily be attributed solely to the influence of the 
bedrock topography, with additional processes, such as thermal notch erosion, also being important (Fig 7).

• These notches can induce localised calving failure[15], and thus may be responsible for both the large calving 
event (1,579.23 m2) that occurred over the lower portion of the study area over the 5th-6th July, and the 
localised speed-up that followed.

Future Work
• Plans for further fieldwork in Summer 2021 (July) to supplement previous data and to provide new insights 

into the dynamics of Fjallsjökull.

• Utilise a more advanced UAV system (DJI Inspire) to improve aerial coverage and image resolution, whilst 
also providing direct georeferencing capabilities.

• Collect sub-daily surveys (e.g. twice or three times a day) to attempt to capture the timing and magnitude 
of calving events, and any speed up that follows.

• Monitor thermal notch erosion by capturing repeat images of the calving front to investigate notch 
development and its potential control on calving.

Fig 6. (a) Basal topography of the study region. Blue lines represent 
basal contours at 20 m intervals. (b) Surface velocity for 5th-6th July 
2019, highlighting how the areas of fastest ice flow are found 
where the bedrock trough is at its deepest. 

Fig 7. The southern margin of Fjallsjökull on the 4th July (a) and 
19th September (b) 2019, highlighting the presence of extensive 
thermal erosion notches at the waterline (black arrows). 

Fig 2. (a) The 3DR Solo quadcopter utilised in this study. (b) Example of one of the 1x1 m GCPs
deployed in the field. (c) Uploading the survey routes to the UAV pre-flight using the free
software Mission Planner. (d) Recording the position of one of the deployed GCPs using dGPS
(calving front of Fjallsjökull in background). (e) Flying the UAV during one of the surveys. All
photos belong to the author.

Fig 3. Example orthomosaic (left) and DEM (right), produced using UAV-derived imagery
obtained on the 7th July 2019.

• Clear overall pattern observed where velocity increases with distance from grounded margin, with peak values of 1.60 ±0.25 m d-1 and ~1.00 ±0.17 m d-1

recorded in the upper portion of the study area in July and September respectively (Fig 4).

vEGU 2021: 19th-30th April 2021: Session CR1.4. 

6. Acknowledgements: This research has been kindly supported by grants awarded to the main author by the Royal Geographical Society, The Mount Everest Foundation and The Quaternary Research 
Association. Special thanks to David Sutherland and Chris Tomsett who provided field support to the author during the July and September trips, respectively. Thanks also to Eyjólfur Magnússon for sharing his 
bedrock topography data for Fjallsjökull.

mailto:nrb1n18@soton.ac.uk
https://doi.org/10.1038/s41558-020-0855-4
https://doi.org/10.1016/j.quascirev.2013.07.028
https://doi.org/10.3189/2013J0G12J081
https://doi.org/10.3389/feart.2020.577068
https://doi.org/10.1016/j.gloplacha.2018.05.006
https://doi.org/10.5194/tc-7-1879-2013
https://doi.org/10.3389/feart.2019.00206
https://doi.org/10.1016/j.rse.2014.04.025
https://doi.org/10.5194/tc-9-1-2015
https://doi.org/10.1017/jog.2019.18
https://doi.org/10.3189/172756403781816446
https://doi.org/10.1002/esp.4920
https://doi.org/10.1016/j.earscirev.2007.02.002
https://doi.org/10.3389/feart.2017.00001

	Insights into the seasonal dynamics of the lake-terminating glacier Fjallsjökull, south-east Iceland, inferred using ultra-high resolution repeat UAV imagery

