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Introduction

• Motivation: Changes of glacier fronts occurring at rates of 
single to tens of metres per year cannot be detected on medium 
resolution satellite imagery (e.g. Landsat, Sentinel-2) because
of insufficient spatial resolution, despite low revisit times. 

• Problem: Is it possible to track such slow change on photos
with 20-30 m/pixel ground resolution?

• Objective: Development of easy-to-implement algorithm
capable of accurate delineation of ice-non-ice borders on widely
available mid-res satellite imagery



Study area and materials

• Algorithm development: 
Ariebreen; LiDAR scan and 
Landsat image created within 2 
days in 2016

• Large scale study: South
Spitsbergen – valley glaciers in 
Sør-Spitsbergen National Park; 
Landsat 5, 7, 8 images. Only
terminal parts of glaciers
considered



Development of algorithm
• Exploration of 

parameter
combinations in 
search of most efficient
settings

• Comparison of 
obtained outlines with 
reference data

• Python language
scripting and existing
image-processing tools

A: RGB LiDAR image
B: Slope map from LiDAR points
C: 3 classes of Surface
D: LiDAR-derived reference
Line on Landsat 30 m/pix
backgroundS



Development of algorithm - results

• NDSI image of Landsat
bands resampled to 5 
m/pixel. Smoothed with 
Kuwahara (Kuwahara et 
al. 1976) filter and 
binarised by global
thresholding.

• Resampling allows for 
increse in accuracy

Resolution
(m/pixel)

Analysed
product

Kuwahara
Sharpening

Binarisation
Method

Mean
Difference

(m)
RMSE
(m)

5 NDSI Yes Global threshold 9,25 6,12
30 NDSI No Global threshold 17,78 13,29

Maps of local accuracy – difference between detected
ice margin (points) and reference (lines)

Global accuracy statistic – for resampled (upper row)
and unresampled (lower row) image.



Large-scale attempt

• AROSICS (Schaeffler et al. 2017) for precise coregistration of 
Landsat scenes from different times, Otsu thresholding
(Otsu, 1979) for automation of binarisation.

• 53 glaciers, 14 images.

• Data analysis: Difference
between lines sampled at 5 
metres

• Change of area of polygon as a 
proxy of advance/retreat



Preliminary results

• Results highly
varied between
glaciers

• Unrealistic rates
of change indicate
a systematic error

Change record of all studied glaciers. Grey horisontal lines indicate dates
of acquisition of analysed Landsat scenes.



Preliminary results – unsuccessful
example

• Svartkuvbreen
• NDSI sensitive to clouds
• Presence of clouds on an analysed image disrupts the result



Preliminary result – successful example
• Gasbreen
• Algorithm detects clean ice margin, debris and snow cover not 

accounted for.



Future prospects

• Removal of clouded images with use of Fmask algorithm (Zhu
et al. 2015)

• Inclusion of other sensors, particularly Sentinel-2, for better
temporal coverage

• Testing of algorithm for measurement of tidewater glacier
front fluctuations



Conclusions

• Resampled Landsat imagery can be used to successfully
determine ice margin in southern Spitsbergen

• Combination of existing image-processing tools suffices to 
achieve the result

• Cloud cover impacts the detection heavily, a routine to 
exclude cloud-covered images is required for reliable results

• Potentially, imagery from other sensors may be used to 
improve temporal resolution of a study
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