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Objectives 
The aim of this study was to investigate a rock glacier in the Godthåbsfjord area using repeated field 

measurements. The site is particularly interesting since it lies approximately 250km further south than the 

previously reported southern limit for active rock glaciers (Humlum, 1982). However, several characteristics 

indicated that the rock glacier may well be active. 

Rock glaciers are permafrost features, abundant in mountainous environments, and characterized as 

‘steadily creeping perennially frozen and ice-rich debris on non-glacierised mountain slopes’, see Figure 1 

for an example. They are extremely interesting as indictors of past and present climate as they (I) maintain 

permafrost in a given climate and (II) may contain much older ice than glacier ice (Krainer et al., 2015). 

Their runoff contributes to inhabited areas and impacts water chemistry significantly (Thies et al., 2007). 

Furthermore, permafrost dynamics are key for assessing instabilities. Significant fluctuations have been 

shown, partly triggered by climate, partly by local conditions (Delaloye, Lambiel and Gärtner-roer, 2010; 

Nickus et al., 2015) and an increased dynamic variability is expected under changing climatic conditions 

(Delaloye et al., 2013). It is therefore crucial to know about rock glaciers’ occurrence and their dynamic 

regime. While the area around Nuuk is acknowledged to contain sporadic permafrost (Humlum, 1982; 

Christiansen and Humlum, 1993), there are to our knowledge no studies investigating rock glaciers.  

The focus of the current pilot study is a rock glacier on Bjørneø, conspicuous because of its clearly defined 

snout, distinct foliations in the central region, and notably, a lack of pioneer vegetation. With this pilot 

study we have attempted to  

• confirm or reject current rock glacier occurrence in the Godthåbsfjord area 

• study the dynamic regime of the rock glacier 

• investigate the climatic boundary conditions necessary for rock glacier occurrence in the Sub-Arctic. 

 

Site description 
The focus of the current pilot study is a rock glacier situated on the northern end of Bjørneø, (64°29'N 

51°15'W), approximately 40 km north of Nuuk (Figure 1). The rock glacier covers an area of ca. 1 km2 and 

spans an elevation from 250 to 600 m a.s.l. It has a north facing aspect and is apparently fed by rock 

material from the sizeable and clearly loose headwall. 



 

Figure 1. a) Oblique aerial photograph of the rock glacier on Bjørneø. b) location of Nuuk Fjord, and c) of the rock glacier on 
Bjørneø (red arrow) 

 

Methods 
We employed a number of field methods to investigate the rock glacier and its surroundings. The field site 

was visited 4 times over the two year project period for equipment installation and data acquisition (see 

Table 1). 

Date Activity 

03-08-2016 
Establish Ground Control Points (GCPs) 
UAV flight 

20-09-2016 
UAV flight 
Temperature and Pressure (TP) sensor installation 
Water sampling 

28-03-2017 Bottom Temperature of Snow (BTS) 

23-08-2017 
Re-measure GCPs 
UAV flight 
TP data collection and sensor replacement 

Table 1. Overview of field activities 

a) 

b) 

c) 



Bottom Temperature of Snow (BTS) 
BTS is widely acknowledged method to determine the Winter Equilibrium Temperature (WEqT), which in 

turn allows for a first-order estimate of permafrost occurrence (Haeberli and Patzelt, 1982). Data was 

collected in a one day ski-based field campaign using a modified avalanche probe with a temperature 

sensor mounted on its tip and handheld GPS for positioning. Point measurements were taken along 

transects giving a good distribution of points both on and off the rock glacier (Figure 2). Each point was 

measured for approx. 5 minutes to allow the sensor to equilibrate.  

BTS data was not collected in the winter 2015/16 due to insufficient snow cover. 

Ground control points (GCPs) 
Repeat surveying of ground control points using the principle of precision real-time kinematic surveying can 

allow displacements on the order of centimeters to be detected. In addition to being a stand-alone method 

for determining displacements, GCPs are a necessary component in the UAV processing work flow to 

ensure correct geo-location of the data.  

In August 2016, a GPS fixed point was established approx. 500m from the front of the rock glacier, and 

operated as a base station. A network of GCPs was then established circumventing and traversing the rock 

glacier. Due to the challenging terrain, the number of points established on the rock glacier was limited. 

During the field campaign in 2017, the 2016 base station was re-occupied and all GCPs were re-measured.  

UAV 
A Sensefly ‘Ebee’ unmanned aerial vehicle (UAV) was used to collect photographs of the rock glacier and 

surrounding area from which a high resolution orthophoto mosaic and DEM were generated (Figure 2) for 

2016 and 2017. A second UAV campaign was deemed necessary in 2016 after processing of the August 

campaign. There had been some problems with the platform and with turbulence which affected the photo 

quality resulting in a poorer than expected accuracy. A revisit was coordinated with other scheduled field 

work in the fjord to share logistics. 

Vertical displacements are assessed by subtracting the DEM acquired in 2017 from the 2016 DEM. 

Horizontal displacements are assessed with the aid of feature tracking software applied on both the 

orthophotos and DEMs. 

Temperature and Pressure (TP) sensor  
A simple and robust TP sensor was installed near the snout of the rock glacier in order to give a first-order 

idea on temperature gradients between Nuuk and the rock glacier. Data was collected in the 2017 field 

campaign and the instrument replaced, meaning data acquisition is ongoing. 

Water sampling 
During the field work in August 2016, abundant surface water was noted draining from the front of the rock 

glacier. In addition, while traversing the rock glacier, internal water drainage was clearly audible. Prompted 

by the observations of plentiful surface water in August 2016, one water sample was taken during the 

September site visit from surface streams draining from the rock glacier and was conductivity was 

measured at several sites of the outflow. We found conductivities of 20-25 µS/cm on-site and in the 

sample. Advice from a collaborating laboratory at Innsbruck University was asked for and it was noted that 



these values are too low for having measureable concentrations of heavy metals. Thus no further analysis 

has been done.  

Results 

Thermal characteristics 
The BTS measurements show a clear drop in temperatures, on the order of 10 °C, over the rock glacier 
compared to the surrounding areas suggesting an active landform with a well demarcated thermal regime 
(Figure 2). It is noteworthy that the lowest temperatures are found in areas with the highest concentration 
of surface undulations, while the flatter front lobe is relatively warmer. This may support the morphological 
indication that a younger rock glacier is flowing over an older one. 

Dynamic characteristics 
The estimation of horizontal and vertical displacement, based on both the GCPs and the UAV data, 

indicated that there is no significant movement detectable over the given time period. 1 year is a relatively 

short time window, and we suggest that for a repeat survey with a larger time difference between the 

acquisitions, velocity vectors may be detectable. This expectation is based on our result that there is a 

distinct and classic thermal regime.  

Climatic characteristics 
The temperature and pressure data are being incorporated into a study that is looking specifically at the 

West to East (Nuuk to ice sheet) climate gradients, thus putting the climatic setting of the rock glacier in 

context. The sensor has now been active for another year and data will be collected based on opportunity 

in the coming year. 

Water quality 
Water samples collected in September 2016 from the frontal drainage streams had no indications of heavy 

metals, however, the sampling date was late when water flow was limited. It may be worthwhile to take a 

water sample during maximum flow and investigate that for conductivity as a first-order estimate on ion 

and heavy metal content. According to existing studies, elevated heavy metal concentrations may occur 

once conductivity lies between 300 and 1000 µS/cm (Krainer, 2016, pers. Comm.).   

 



 

Figure 2. UAV based orthophoto mosaic (a) and hillshade representation of the derived DEM (b). The dots show the location and 
temperature of the BTS measurements taken in March 2017. 

 

Out Reach 
These results were presented as a poster presentation at AGU 2017 (Langley and Abermann, 2017), see 

Appendix 1, and are submitted as a report card to the GEM-projects, see Appendix 2, where we show 

selected projects that are related to ClimateBasis, a project under the umbrella of the Greenland Ecosystem 

Monitoring Program (www.g-e-m.dk). 

 

N 



Budget used 
The project received 100,000 DKK financing through GFR 14,540 DKK less than the requested amount. This 

difference was covered in part by an increased self financing from Asiaq as well as fortunate synergies that 

allowed reduced costs in field work and equipment. 

WP Task Description Price # of units Price 
Total per 

WP 

#1 Project management         16,400 

  Project management   16,400.00       

#2 Equipment, field work         108,747 

  Hours 
 

55,000.00 
  

  

  Expenses (boat, allowance) 
 

35,657.25 
  

  

  Hardware (sensors)   18,089.95       

#3 Data analysis         12,000 

  Data analysis, reporting AC hours 12,000.00       

Project Sum 
    

137,147 

Self financing         37,147 

Financed via GFR         100,000 
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